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Data access and citation
Data is available from the Environmental Information Data Centre https://doi.org/10.5285/26b8ddd4-09fd-4e40-a556-6a8f3a7481ea 
When using the data you must cite:
Tanguy, M.*; Peng, J. *; Robinson, E.; Pinnington, E.; Evans, J.; Ellis, R.; Cooper, E.; Hannaford, J.; Blyth, E.; Dadson, S. (2022). Soil moisture product merged from satellite and modelled data for Great Britain, April 2015-December 2017. NERC EDS Environmental Information Data Centre. (Dataset). https://doi.org/10.5285/26b8ddd4-09fd-4e40-a556-6a8f3a7481ea
* equal contribution
A detailed description of the methodology to derive this dataset is available in  
Peng, J., Tanguy, M., Robinson, E., Pinnington, E, Evans, J., Ellis, R., Cooper, E., Hannaford, J., Blyth, E., Dadson, S. (2021) Estimation and evaluation of high-resolution soil moisture from merged model and Earth observation data in the Great Britain, Remote Sensing of the Environment, 264, 112610, https://doi.org/10.1016/j.rse.2021.112610
Please cite this article when using the data.
Brief description of the dataset
Two remote sensing soil moisture datasets (one passive microwave dataset: SMAP, and one active microwave dataset: ASCAT) and a modelled soil moisture dataset (from JULES-CHESS land surface model) were combined to produce a single more reliable soil moisture product based on triple collocation error estimation and a least-squares merging scheme. Evaluation using in-situ soil moisture measurements from the COSMOS-UK network shows that the merged soil moisture integrates the characteristics of model simulation and satellite observations and particularly improves the limited temporal variability of the JULES-CHESS simulation.
The dataset covers the period going from 1st April 2015 to 31st December 2017, at a daily timestep, and is available at two spatial resolutions: 12.5km, which is the resolution of the original dataset described in Peng et al. (2021); and 1km, which has been obtained after resampling all three underlying datasets to a 1km resolution. 

Data and methods
Data Sources
The data sources that were used to derive this Soil Moisture Dataset are:
· NASA’s Soil Moisture Active Passive (SMAP) radiometer L3 soil moisture product (O’Neill et al., 2019) at 9km daily resolution ; 
· EUMETSAT’s soil moisture product from the Advanced SCATterometer (ASCAT) basckscatter observation, 12.5km sampling version (H SAF, 2020). ASCAT soil moisture is provided in units of degree of saturation. To convert this into units of volumetric water content (to match the unit of the other two datasets), the following conversion was applied:
Volumetric water content = degree of saturation (%) x porosity
To estimate porosity, we used the Harmonized World Soil Database (HWSD, Wieder et al., 2014) and the pedo-transfer function from Toth et al. (2015) -  equation 22 from the supplementary material: 
θs = 0.63052 - 0.10262 * BD2 + 0.0002904 * pH2 + 0.0003335 * Cl
θs  is the saturated soil moisture content (≈porosity), BD = bulk density, pH is pH in water, Cl is Clay content (%). BD, pH and Cl values are taken from HWSD. 
· JULES-CHESS soil moisture product: JULES land surface model was run driven by Climate Hydrology and Ecology research Support System meteorology (CHESS-met) dataset, which includes 1 km resolution gridded meteo-rological variables over the UK (Robinson et  al., 2017). For full details of model configuration and parameters used for this run, please see Peng et al. (2021).
· Soil moisture data from the COSMOS-UK network (Cooper et al., 2021) was used to evaluate and validate the merged product (see Peng et al., 2021).
[bookmark: _Toc388621369]Method for deriving the merged Soil Moisture Dataset
Merging different soil moisture products is advantageous because it minimizes random retrieval errors. The current dataset was produced using a least-squares merging scheme to obtain optimal estimates of soil moisture over the UK mainland. The least squares framework can be described as (Yilmaz et al., 2012):
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Where is the merged soil moisture, is the individual soil moisture product, and  is the weight that is assigned to each product. The weights are calculated to minimize the random errors in the merged product. The weights are decided by the error variances and covariances of the soil moisture products (Gruber et al, 2019). The Triple Collocation (TC) method is an effective way to estimate random error variances. It can also be used to derive relative rescaling factors that will match the variability of different products to a common data space. For example, taking product X as the reference, then the scaling factors can be calculated as (Gruber et al. 2016):
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Where  is the scaling factor for each product and is determined by error covariances. Clearly,  is set to 1 due to its serving as the reference. Then the products Y and Z are rescaled using the following equations (Gruber et al. 2017; Gruber et al. 2016):
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Where ,  and  are the temporal mean of X, Y and Z respectively. For the merged Soil Moisture Dataset, SMAP L3 data was chosen as the reference (X).
The weight  of each product is then derived as follows (Gruber et al. 2017; Zeng et al. 2016):
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For collocated triplets, the above formula is used to estimate weights from the rescaled products and merge the rescaled products based on equation 1. In order to increase the data coverage of the merged product, a merging scheme proposed by Gruber et al. (2017) based on the one-tailed Pearson’s correlation significance is applied for the non-collocated samples. TC weighted merging is applied if p-value is less than 0.05 among the three products. Where only two datasets are available, the least-squared-based weights are derived from the uncertainties and a weighted average between the two products is used for merging. Table 1 details the alternative methods used if TC merging is rejected, including the decision on whether to use one product, the arithmetic mean of two products, or to disregard the pixel. This simple averaging scheme might become problematic if one product is well sampled in time but with significantly low quality. The use of this product to fill the gaps of higher quality dataset may reduce the overall quality of the merged time series. However, improved soil moisture temporal coverage is preferable to absolute quality for many applications such as drought monitoring and runoff simulation. Therefore, this simple averaging scheme is used in order to provide the highest possible sample density. To derive the 12.5km version of this dataset, SMAP L3 and JULES-CHESS are firstly resampled to 12.5 km spatial resolution and then merged together with ASCAT using the proposed scheme. For the 1km version, SMAP L3 and ASCAT are first resampled to 1km.

Table 1: Merging scheme for non-collocated grids. X, Y, and Z refer to different soil moisture products. 
	p-value < 0.05 (X--Y)
	p-value < 0.05 (X--Z)
	p-value < 0.05 (Y--Z)
	Merging scheme

	yes
	yes
	yes
	TCA weighted mean(X, Y, Z)*

	yes
	yes
	no
	X

	no
	yes
	yes
	Z

	yes
	no
	yes
	Y

	yes
	no
	no
	Arithmetic mean (X, Y)

	no
	yes
	no
	Arithmetic mean (X, Z)

	no
	no
	yes
	Arithmetic mean (Y, Z)

	no
	no
	no
	Disregard


*where only two datasets are available, the least-squared-based weights are derived from the uncertainties and a weighted average between the two products is used in the merging.
Validation
[bookmark: _Toc388621375][bookmark: _Ref386814377]Peng at al. (2021) describes extensively the evaluation analysis done on various remote sensing soil moisture products, JULES-CHESS soil moisture and the merged product, using COSMOS-UK network (Cooper et al., 2021) in-situ measurement of soil moisture as “ground truth”. 
Pearson correlation coefficient (R), and unbiased Root Mean Square Difference (ubRMSD) were used to quantify the differences between each soil moisture product and the COSMOS-UK measurements.  These metrics are defined as follows:
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Where  is the soil moisture dataset to be evaluated,  is the COSMOS-UK reference soil moisture. cov is the covariance of both soil moisture time period, while  and  are the standard deviations of the soil moisture period. The overbar in each equation indicates the temporal mean of entire time period.
Overall, the analysis showed that the merged product is better performing than any satellite product, and has similar performance to JULES-CHESS (Figure 1), but with the advantage of having an improved temporal variability (Figure 2). 
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Figure 1: Evaluation of ASCAT, SMAP L3E, SMAP L4, JULES-CHESS, and merged absolute soil moisture values against independent COSMOS-UK measurements.
[image: ][image: ]
Figure 2: Time series of the soil moisture from JULES-CHESS and merged soil moisture from two example COSMOS-UK stations. The blue points on the graphs represents COSMOS soil moisture, the green crosses are for JULES-CHESS, whereas the red ones are for the merged product.
Appropriate use of the merged Soil Moisture Dataset
Soil moisture is notoriously difficult to monitor and model for soils with high organic content. Consequently, modelled soil-moisture from JULES-CHESS, and observed soil moisture both from satellite data and COSMOS instruments are all more uncertain over organic soils. Therefore, care should be taken when using Hydro-JULES Soil Moisture Dataset over peatlands and other areas with high organic matter content as the values are likely to be less reliable. 
Soil moisture values over urban areas such as large cities are also likely to be less reliable. Following table 1, TC was rejected over many of the main large cities due to low agreement of products between them (Figure 3). 
Users are advised to check the merging method summary grid (Figure 3) to know which merging method was used in their area of interest. Soil moisture estimate is less reliable where TC was not applied.
GitHub repository
The full code to pre-process the raw data, create the merged product and format it, with full documentation of the process can be found on the following GitHub repository: https://github.com/hydro-jules/soil_moisture
This repository is currently private and only members of the HydroJULES programme can access it. Please email enquiries@ceh.ac.uk if you would like a copy of the code.
Format of the merged Soil Moisture Dataset
The merged Soil Moisture dataset is stored in NetCDF4 format, following CEH gridded dataset Conventions. The dataset comprises the following files: 
· merge_12.5km_tc_ref_smap.nc: The 12.5km version of the merged dataset based on triple collocation merging. One single NetCDF file for the whole period. Units in m3/m3 (volumetric water content).
· merge_1km_tc_ref_smap.nc: The 1km version of the merged dataset based on triple collocation merging. One single NetCDF file for the whole period. Units in m3/m3 (volumetric water content).
· merge_12.5km_chess_smap_ascat_mean.nc: An alternative merged dataset obtained by simply averaging the values of the three datasets. One single NetCDF file for the whole period. Only available at 12.5km resolution. Units in m3/m3 (volumetric water content).
· weights_and_method_summary_12.5km.nc: Map summarising merging method (Figure 3) used for each pixel, based on Table 1. Only available at 12.5km resolution. Weights are unitless; method is categorical data. Categories are shown in the caption of Figure 3.
[image: Map_Merging_method]
Figure 3: Map of merging method used. 0 = TCA, 1 = SMAP only, 2 = CHESS only, 3 = ASCAT only, 4 = Arithmetic mean (SMAP, CHESS), 5 = Arithmetic mean (SMAP, ASCAT), 6 = Arithmetic mean (CHESS, ASCAT)
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