Code and Data Description
# Code and data repository for: Six-fold reduction in ocean heat content estimate uncertainty since 1960
# Authers: Huifeng Yuan, Lijing Cheng, Yuying Pan, Yujing Zhu, Xinyi Song, Huayi Zheng
# Corresponding author: Huifeng Yuan (hfyuan@cnic.cn), Lijing Cheng (chenglij@mail.iap.ac.cn)

1. Data Analysis
The Python code required for computing the relevant results in this study are provided in the following locations:
Online repository: http://www.ocean.iap.ac.cn/ftp/ensemble/code/
Local backup: The Code/ folder
(1)  Step1_cal_source_err_TS_8error_source.py
Quantifies the uncertainty magnitudes of the eight major error sources in the 0-2000m ocean heat content estimates.
(2)  Step2_cal_source_err_Trend_8error_source.py
[bookmark: _GoBack]Calculates the trends of the eight error sources in ocean heat content over four selected time periods.
(3) Step3_cal_OHC_TS_ensemble_mean_std.py
Calculates the time series of the ensemble mean, the 90 % confidence interval, and the standard deviation of the large ensemble members for ocean heat content.
(4)  Step4_cal_spatial_ensemble_OHC_grid_90CI.py
Calculates the 90 % confidence interval width (5th–95th percentile range) of the 0–2000 m ocean heat content estimates on a decadal basis, for both global and hemispheric averages.
(5)  Step5_cal_OHCT_EEI_TS_center6.py
Estimates the ocean heat content trend and its associated uncertainty, including the uncertainty of the heat content itself, the uncertainty of its rate of change, and the trend of the heat content.
(6)  Step6_cal_dOHCdt_dFS_EEI_timeseries_monthly.py
Calculates and compares multiple Earth energy budget metrics, including the ocean heating rate, the Earth’s energy imbalance, and the surface heat flux, on a monthly timescale.

2. Data visualization
All figures presented in this study were generated using Python3 and associated open source libraries. The relevant data and code are publicly available at:
Online repository: http://www.ocean.iap.ac.cn/ftp/ensemble/code/
Local backup: The Code/ folder
(1) Fig2a_plot_OHC_TS_ensemble_mean_std.py
Figure 2a in manuscript. Global upper 300 m, 700 m and 2000 m OHC estimate by IAP data (central estimate) and its uncertainty envelope (5%-95% quantile of the large ensemble computed on an annual basis), relative to a 2010-2023 baseline. 
(2) Fig2b_plot_source_err_TS_8error_source.py
Figure 2b in manuscript. OHC0-2000 m uncertainty from 8 major error contributions (colored lines) and the total uncertainty estimated from the large-ensemble (5%-95% quantile range estimated on an annual basis), compared with the ±1.64 standard deviation range.
(3) Fig2c_plot_source_err_TS_8error_source_var.py
Figure 2c in manuscript. Global OHC0-2000m variance and covariance time series from 1955 to 2023, including the variance of various error sources, their sum, the total variance of the large ensemble, and the covariance term.
(4) Fig2d_plot_source_err_TS_8error_source_var_Proportion.py
Figure 2d in manuscript. Fractional contributions of different error sources and covariance to the total variance of global OHC0-2000m estimates. 
(5) Fig3_plot_8error_covariance.py
Figure 3 in manuscript. The variance-covariance matrix for global OHC0-2000m and dOHC/dt uncertainty estimated by Large-Ensemble from 1955 to 2023.
(6) Fig4_plot_spatial_ensemble_OHC_grid_90CI.py
Figure 4 in manuscript. Regional total uncertainty for OHC0-2000m derived by the Large-Ensemble approach in each decade since 1955.
(7) Fig5_plot_8error_source_max_idx_grid_global_robinson.py
Figure 5 in manuscript. The first and second largest contributors of the regional OHC0-2000 estimates in each grid for different decades.
(8) Fig6a_plot_source_err_Trend_8error_source.py
Figure 6a in manuscript. Uncertainty of the OHC0-2000 trend over different periods: 1960-2023, 1960-1990, 1991-2023, and 2005-2023, compared with the sum of uncertainties from different error sources. 
(9) Fig6b_plot_dOHCdt_dFS_EEI_timeseries_monthly_update.py
Figure 6b in manuscript. Ocean heating rate estimated by full-depth dOHC/dt, blue shading for [5%, 95%] range with blue line for the ensemble mean estimate compared with the 0.9×CERES-EEI data, two oceanic Fs and the sum of dAE/dt and dOHC/dt, which are mean-aligned to dOHC/dt by removing the mean difference over 2005-2023.
(10) Fig6c_plot_dOHCdt_monthly_ensemble_8error_source.py
Figure 6c in manuscript. Uncertainty of the annual full-depth OHC rate. The contributions of different error groups are shown in different colors. dOHC/dt is calculated by the difference between the average values of the preceding and following twelve months, and the resultant time series is smoothed by a 15-month running mean to reduce the month-to-month noise.
(11) Fig6d_plot_OHC_integrate_EEI_FS_TS.py
Figure 6d in manuscript. Same as (b) but for the detrended full-depth OHC, the detrended sum of full-depth OHC and AHC, time-integrated CERES observations at TOA (detrended), and time-integrated global ocean Fs for 2005-2023 period (detrended).
(12) Fig7_plot_ensemble_OHC_trend_err_90CI_grid_4period.py
Figure 7 in manuscript. OHC trend uncertainty over different periods: 1960-2023, 1960-1990, 1991-2023, and 2005-2023.
(13) FigS1_plot_ohc_std_vs_ensemble_number.py
Figure S1 in supplementary. Global OHC0-2000m shown as the 5-95% percentile error range and twice 1.64 times the standard deviation estimates as functions of ensemble sample size for several years.
(14) FigS2_plot_Number_of_each_step_bar_graph_used.py
Figure S2 in supplementary. Statistics on the use of each technique in large-ensemble.
(15) FigS3_plot_OHC_TS_ensemble_err_range.py
Figure S3 in supplementary. Distributions of the ensemble members in some years since 1955. The blue curves denote normal distribution fits of the ensemble members. The black dashed lines denote the [5%, 95%] range, and the orange dashed lines represent the mean ±1.64 standard deviations. The magenta triangles indicate the IAPv4 estimates.
(16) FigS4_plot_OHC0_700m_2000m.py
Figure S4 in supplementary. Same as Figure 2b but for OHC0-700m and OHC700-2000m.
(17) FigS5_plot_ohc_spatial_2000m_robinson.py
Figure S4 in supplementary. Spatial distribution of the difference in OHC0-2000m between the CODC-QC-based and WOD-QC-based estimates averaged over the period 2005-2023.
(18) FigS6_plot_Comparison_tem_ano_dis_within_2015_2023.py
Figure S6 in supplementary. Comparison of temperature anomaly distributions within 2015-2023 for all in situ data, data after WOD-QC, and CODC-QC in the Northwest Pacific Ocean.
(19) FigS7_plot_8error_source_value_grid_global_robinson.py
Figure S7-S14 in supplementary. 10-year mean mapping and instrumental uncertainties of OHC0-2000 m estimated from the IAP mapping method, climatology choice, XBT bias correction, APB bias correction, MBT bias correction, BOT bias correction, vertical interpolation and quality control.

3. Source figure
All source figures presented in this paper are stored in multiple formats, including *.ai, *.pdf, and *.ppt.
Online repository: http://www.ocean.iap.ac.cn/ftp/ensemble/figure/
Local backup: The Figure/ folder
