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Supplementary Fig. 1 | Global map of the land regions included in this study.
The 43 regions correspond to the IPCC AR6 reference regions included in the analysis. Antarctica, Greenland, and Iceland are excluded. Dark red labels show the region abbreviations (see Supplementary Table 3).
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Supplementary Fig. 2 | Cross-product agreement on increasing precipitation and declining soil moisture over 2000–2023.  
Colors indicate the percentage of valid precipitation–soil moisture product pairs showing positive precipitation trends and negative soil moisture trends (P+SM−) within each region. Percentages are calculated from 15 equally weighted combinations of three precipitation and five soil moisture products, except in the Russian Arctic (RAR), where 10 combinations are available owing to missing CHIRPS precipitation data.
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Supplementary Fig. 3 | Trends in terrestrial water availability, and its joint distribution with trends in soil moisture over 2000–2023. 
a, Trends in the standardized ensemble mean of annual water availability (P − E), with precipitation (P) from CPC, MSWEP and CHIRPS and evapotranspiration (E) from ERA5. The shading represents latitude-weighted averages calculated over the terrestrial areas within each region. Black dots indicate regions with cross-product agreement, where trends in at least two of the three P − E estimates have the same sign as the ensemble trend. b, Spatial distribution of four hydrological regimes, defined by the signs of the ensemble trends in water availability and soil moisture ((P – E)+/(P – E)− and SM+/SM−). No region exhibits the (P−E)− SM+ regime. White crosses highlight regions with concurrent increases in precipitation unevenness. Only regions showing cross-product agreement in both P − E and SM are colored, while others are shown in gray.
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Supplementary Fig. 4 | Spatial patterns of precipitation unevenness over 2000–2023.
Trends in the standardized ensemble mean of annual precipitation unevenness (STD, defined as the standard deviation of within-year daily precipitation) derived from CPC, MSWEP and CHIRPS (see Methods). The shading represents latitude-weighted averages calculated over the terrestrial areas within each region. Black dots indicate regions with cross-product agreement, where trends in at least two of the three precipitation products have the same sign as the ensemble trend.
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Supplementary Fig. 5 | Performance of the random forest model.
a, Relationship between observed standardized ensemble mean annual surface soil moisture and the corresponding values predicted by the random forest model across all land regions and years from 2000 to 2023. The black line is the 1:1 reference line, and the annotation reports the coefficient of determination (R²). b, As in a, but for linear trends of the observed and predicted annual SM time series for each region. c, Prediction skill of the random forest model for individual regions, quantified using R² calculated from the observed and predicted annual SM values within each region.
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Supplementary Fig. 6 | Regional time series of observed and predicted surface soil moisture from 2000 to 2023.
a–aq, Observed annual mean surface soil moisture (Obs SM; solid black lines) and the corresponding predictions from the random forest model (RF-predicted SM; dashed red lines) for each region. Panel titles show the coefficient of determination (R²) calculated from the observed and predicted annual SM values. The x axis shows years, and the y axis shows surface soil moisture in standardized units.


[image: ]Supplementary Fig. 7 | Decomposition of surface soil moisture trends (2000–2023) for each region. 
a–aq, Contributions of total precipitation (P, blue bars), precipitation unevenness (STD, orange bars) and the unattributed component (UA, grey bars, see Methods) to the linear trend in annual mean observed soil moisture. Solid black lines mark the observed SM trend, and dashed grey lines mark the predicted SM trend. The y axis shows trends (10⁻² standardized units decade-1). Background colors indicate the three hydrological regimes.
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Supplementary Fig. 8 | Soil-saturating precipitation and the occurrence of low-soil-moisture days.
Relationship across the P+SM− regions between Trend(Psat)/Trend(P) and the decadal trend in the annual number of days with soil moisture below its 20th percentile. For each region, linear trends are calculated for precipitation amount in the 65th–100th percentile range (Psat) and for total precipitation (P). Their ratio, Trend(Psat)/Trend(P), expresses the trend in heavy precipitation relative to the trend in total precipitation. The vertical axis shows the trend in the annual number of days with soil moisture below its 20th percentile, expressed in days per decade. The solid line shows the linear fit across regional points.
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Supplementary Fig. 9 | Global distribution of FLUXNET sites used to characterize precipitation on soil-saturation days.
Locations of the 551 FLUXNET sites at which daily precipitation and shallow soil water content are used to identify soil-saturation days over 2000–2023. At each site, soil water content is taken from the shallowest sensor (SWC_F_MDS_1; median depth 5 cm).
Tables
Supplementary Table 1: Global precipitation datasets used in this study.
	[bookmark: OLE_LINK9]Type
	Dataset
	Full Name
	Version
	Resolution
	Original Frequency
	Period
	Units

	In situ
	FLUXNET
	/
	v1.3 r1/r2
	Station
	Daily
	2000–2023
	mm/day

	Gauge-based gridded
	CPC
	Climate Prediction Center Unified Gauge-Based Analysis of Daily Precipitation
	v1.0
	0.5°
	Daily
	2000–2023
	mm/day

	Multi-source merged
	MSWEP
	Multi-Source Weighted-Ensemble Precipitation
	V3.15
	0.1°
	3-hourly
	2000–2023
	mm/3h

	Satellite-gauge blended
	CHIRPS
	Climate Hazards Center Infrared Precipitation with Stations
	v3.0
	0.05°
	Daily
	2000–2023
	mm/day




Supplementary Table 2: Global surface soil moisture datasets used in this study.
	[bookmark: OLE_LINK48]Type
	Dataset
	Full Name
	Version
	Resolution
	Original Frequency
	Period
	Units
	Depth (cm)

	In situ
	FLUXNET
	/
	v1.3 r1/r2
	Station
	Half-hourly/hourly
	2000–2023
	%
	Site-specific; ~0–65

	Reanalysis
	ERA5
	ECMWF Reanalysis 5th Generation
	Not specified
	0.25°
	Hourly
	2000–2023
	m³ m⁻³
	0–7

	
	ERA5-Land
	ECMWF ERA5-Land Reanalysis
	Not specified
	0.1°
	Hourly
	2000–2023
	m³ m⁻³
	0–7

	
	GLEAM4
	Global Land Evaporation Amsterdam Model, Version 4
	v4.2a
	0.1°
	Daily
	2000–2023
	m³ m⁻³
	0–10

	LSM simulations
	GLDAS-Noah
	Global Land Data Assimilation System – Noah Land Surface Model
	v2.0/v2.1
	1°
	3-hourly
	2000–2023
	kg m⁻²
	0–10

	Satellite
	ESA CCI
	European Space Agency Climate Change Initiative
	v08.1
	0.25°
	Daily
	2000–2023
	m³ m⁻³
	~0–5




Supplementary Table 3: IPCC AR6 region abbreviations and names.
	Number
	Abbreviation
	Region name

	1
	NWN
	Northwest North America

	2
	NEN
	Northeast North America

	3
	WNA
	Western North America

	4
	CNA
	Central North America

	5
	ENA
	Eastern North America

	6
	NCA
	Northern Central America

	7
	SCA
	Southern Central America

	8
	CAR
	Caribbean

	9
	NWS
	Northwest South America

	10
	NSA
	Northern South America

	11
	NES
	Northeast South America

	12
	SAM
	South American Monsoon

	13
	SWS
	Southwest South America

	14
	SES
	Southeast South America

	15
	SSA
	Southern South America

	16
	NEU
	Northern Europe

	17
	WCE
	Western and Central Europe

	18
	EEU
	Eastern Europe

	19
	MED
	Mediterranean

	20
	SAH
	Sahara

	21
	WAF
	Western Africa

	22
	CAF
	Central Africa

	23
	NEAF
	Northeastern Africa

	24
	SEAF
	Southeastern Africa

	25
	WSAF
	Western Southern Africa

	26
	ESAF
	Eastern Southern Africa

	27
	MDG
	Madagascar

	28
	RAR
	Russian Arctic

	29
	WSB
	Western Siberia

	30
	ESB
	Eastern Siberia

	31
	RFE
	Russian Far East

	32
	WCA
	West Central Asia

	33
	ECA
	East Central Asia

	34
	TIB
	Tibetan Plateau

	35
	EAS
	East Asia

	36
	ARP
	Arabian Peninsula

	37
	SAS
	South Asia

	38
	SEA
	Southeast Asia

	39
	NAU
	Northern Australia

	40
	CAU
	Central Australia

	41
	EAU
	Eastern Australia

	42
	SAU
	Southern Australia

	43
	NZ
	New Zealand
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