README for the GIFT-BDS Dataset
This README describes the GIFT-BDS dataset, a regional ionospheric total electron content (TEC) and TEC-gradient dataset over China derived from BeiDou GEO observations. The dataset accompanies the manuscript “GIFT-BDS: A high-resolution TEC and Gradient Ionospheric Index dataset over China derived from BeiDou GEO fixed-geometry observations” submitted to Earth System Science Data. Detailed processing methods and validation are described in the associated manuscript. The gradient estimation method follows Li et al. (2025), “Ionospheric gradient estimation using ground-based GEO observations for monitoring multi-scale ionospheric dynamics” (https://doi.org/10.1186/s43020-025-00187-4).

Dataset version: v1.0
Data coverage: 19 July 2024 to 31 December 2025 (DOY201 of 2024 to DOY365 of 2025)
Data format: NetCDF
Temporal resolution: 30 s for Level-1 products; 15 min for Level-2 products
Geographical coverage: 15°N–50°N, 95°E–135°E
Dataset citation:
Please cite this dataset using the DOI and citation information provided in the Zendo record (https://doi.org/10.5281/zenodo.21090695). Users are also encouraged to cite the associated manuscript when using the dataset.

1. Dataset Overview
GIFT-BDS is a regional ionospheric total electron content (TEC) and TEC-gradient dataset over China derived from BeiDou GEO observations and a dense ground-based GNSS receiver network. The dataset is intended for regional ionospheric studies, TEC-gradient monitoring, space-weather-related analyses, and investigations of ionospheric effects on GNSS positioning applications.
The dataset contains two product levels:
Level-1 products:
Observation-level time series for individual receiver-GEO satellite links. These products include GEO-derived slant TEC (STEC), rate of TEC index (ROTI), LOS geometry, and IPP information at a 30 s sampling interval.
Level-2 products:
Gridded regional ionospheric products derived from the quality-controlled Level-1 products. These products include VTEC, VTECt, ROTI, GIX, GIXstd, GIXx, GIXy, GIXt,x, and GIXt,y. IPP-based variables are provided on a 1° × 1° grid, while inter-IPP-gradient variables are provided on a 0.25° × 0.25° grid. All Level-2 products have a temporal resolution of 15 min.

2. Dataset structure
The dataset is organized by product level and year. Level-1 daily files are stored in the Level1/ directory, and Level-2 daily files are stored in the Level2/ directory. Within each product-level directory, files are further grouped by year. The directory structure is:
GIFT-BDS/
│
├── README.docx
├── Level1/
│   ├── 2024/
│   │   ├── TEC_BDSGEO_2024ddd0000_01D_30S.nc
│   │   └── ...
│   └── 2025/
│       ├── TEC_BDSGEO_2025ddd0000_01D_30S.nc
│       └── ...
│
├── Level2/
│   ├── 2024/
│   │   ├── GIX_BDSGEO_2024ddd0000_01D_15M.nc
│   │   └── ...
│   └── 2025/
│       ├── GIX_BDSGEO_2025ddd0000_01D_15M.nc
│       └── ...
│
└── plot/
├── plot_Level1.py
├── plot_Level2.py
├── GIX_BDSGEO_20242650000_01D_15M.nc
    └── TEC_BDSGEO_20242650000_01D_30S.nc
In the file names, yyyy denotes the four-digit year, and ddd denotes the three-digit day of year (DOY). Each daily NetCDF file contains the corresponding Level-1 or Level-2 product for one UTC day. Some daily files may be unavailable if no processable observation files were received at the data center.
The plot/ directory contains example Python scripts for reading and plotting selected variables from the NetCDF files. The scripts are provided only as usage examples and are not required for accessing the dataset. Users may run these scripts after installing common scientific Python packages, including netCDF4, numpy, and matplotlib.

3. Naming Convention
The dataset is provided as daily NetCDF files. The file naming convention is:
TEC_BDSGEO_yyyyddd0000_01D_30S.nc
GIX_BDSGEO_yyyyddd0000_01D_15M.nc
where:
TEC_BDSGEO denotes the Level-1 observation-level TEC product derived from BeiDou GEO observations;
GIX_BDSGEO denotes the Level-2 gridded TEC and TEC-gradient product derived from BeiDou GEO observations;
yyyy denotes the four-digit year;
ddd denotes the day of year (DOY);
0000 denotes the start time of the daily file, i.e., 00:00 UTC;
01D denotes that the file covers one UTC day;
30S denotes the 30 s sampling interval of the Level-1 product;
15M denotes the 15 min temporal resolution of the Level-2 product;
.nc denotes the NetCDF file format.
For example:
TEC_BDSGEO_20242650000_01D_30S.nc
GIX_BDSGEO_20242650000_01D_15M.nc
These files correspond to the Level-1 and Level-2 products for DOY 265 in 2024, i.e., 21 September 2024. Each file covers one UTC day starting from 00:00 UTC.

4. Level-1 product description
The Level-1 products are released as one-dimensional observation-level records for all valid receiver–GEO satellite LOSs within each daily file. All valid LOS samples are concatenated along a common observation dimension. Each element in this dimension corresponds to one observation epoch for one receiver-GEO satellite LOS.
The Level-1 records include the GEO-derived STEC, the corresponding ROTI, the satellite elevation angle, the IPP latitude and longitude, and the LOS identifier. A specific single-LOS time series can be extracted using the unique LOS ID. The main variables released in the Level-1 products are summarized in Table 1.
Table 1. Level-1 variables released in the GIFT-BDS dataset.
	Variable name
	Description
	Unit

	time
	Observation time in UTC
	seconds since 00:00 UTC

	IPP_STEC
	GEO-derived slant TEC along the receiver-satellite LOS
	TECU

	IPP_ROTI
	Rate of TEC index derived from the STEC time series
	TECU/min

	IPP_ELEV
	Satellite elevation angle at the receiver
	degree

	IPP_lat
	Latitude of the IPP on the ionospheric shell at 400 km
	degree

	IPP_lon
	Longitude of the IPP on the ionospheric shell at 400 km
	degree

	LOS_id
	Identifier of the receiver-satellite LOS
	–



5. Level-2 product description
The Level-2 products are released as gridded regional ionospheric products. The IPP-based variables, including VTEC, ROTI, and the temporal derivative VTECt, are mapped onto a 1° × 1° grid. The inter-IPP-based variables, including GIX, GIXx, GIXy, GIXt,x, and GIXt,y, are mapped onto a 0.25° × 0.25° grid. The value in each grid cell is calculated as the arithmetic mean of all valid samples within that cell.
All Level-2 products have a temporal resolution of 15 min. The released Level-2 dataset includes the following variables: VTEC, VTECt, ROTI, GIX, GIXstd, GIXx, GIXy, GIXt,x, and GIXt,y. Their spatial resolutions and units are summarized in Table 2. Positive GIXx and GIXy denote eastward and northward TEC-gradient components, respectively.


Table 2. Level-2 variables released in the GIFT-BDS dataset.
	Variable
	Description
	Grid spacing
	Unit

	VTEC
	Vertical total electron content
	1° × 1°
	TECU

	VTECt
	Time derivative of VTEC
	1° × 1°
	TECU/min

	ROTI
	Rate of TEC index
	1° × 1°
	TECU/min

	GIX
	Magnitude of horizontal TEC spatial gradient
	0.25° × 0.25°
	10-3 TECU/km

	GIXstd
	Standard deviation of GIX
	0.25° × 0.25°
	10-3 TECU/km

	GIXx
	Zonal component of horizontal TEC spatial gradient
	0.25° × 0.25°
	10-3 TECU/km

	GIXy
	Meridional component of horizontal TEC spatial gradient
	0.25° × 0.25°
	10-3 TECU/km

	GIXt,x
	Zonal component of the spatial gradient of the TEC temporal derivative
	0.25° × 0.25°
	10-3 TECU/min/km

	GIXt,y
	Meridional component of the spatial gradient of the TEC temporal derivative
	0.25° × 0.25°
	10-3 TECU/min/km



6. Quality control and missing data
The released products have been processed and quality controlled. The main Level-1 processing steps include elevation screening, cycle-slip detection, data-gap identification, continuous-arc segmentation, carrier-to-code leveling, and satellite and receiver DCB correction.
A LOS-level stability check is applied using detrended STEC residuals during ionospheric quiet periods. Receiver-satellite links with persistently unstable residual behavior are excluded from the released products. This screening is designed to remove unstable LOS records rather than to remove genuine ionospheric disturbances.
The Level-2 products are generated from the retained Level-1 observations. For inter-IPP-gradient estimation, selected IPP pairs are used according to distance and mapping-function constraints. A Level-2 grid cell is retained only when sufficient valid samples are available; otherwise, the corresponding grid value is treated as missing.
Missing data may occur at two levels. First, some daily files may be unavailable if no processable observation files were received at the data center because of station maintenance or data transmission interruptions. Second, missing values may occur within individual NetCDF files because of data gaps, quality-control exclusions, station outages, or insufficient valid samples within a grid cell.

7. Recommended use
The GIFT-BDS dataset is suitable for regional ionospheric studies over China and adjacent regions, including analyses of TEC variability, TEC-gradient structures, equatorial ionization anomaly (EIA) evolution, equatorial plasma bubble (EPB) activity, traveling ionospheric disturbances (TIDs), and ionospheric effects on GNSS positioning performance.
Level-1 products are recommended for LOS-based time-series analyses at nearly fixed IPPs. Level-2 products are recommended for regional mapping, spatiotemporal TEC-gradient analysis, and comparison with GNSS positioning performance or other ionospheric indicators.

8. Data updates
Daily updated GIFT-BDS products are available at https://data.bdsmart.cn/pub/campaign/iono/. These daily products follow the same processing strategy as the archived release and use the same file naming convention, product structure, variable definitions, and metadata format. However, they should be regarded as operational updates until they are included in a subsequent versioned public release.

9. Contact information
For questions regarding the dataset, please contact:

Ningbo Wang
Aerospace Information Research Institute, Chinese Academy of Sciences
Email: wangningbo@aoe.ac.cn

Zhiyao Li
School of Atmospheric Sciences, Sun Yat-sen University  
Email: lizhy298@mail2.sysu.edu.cn
