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Supplementary Table 1: Comparison of 𝑭𝑷(𝒇) to other relevant soil moisture memory 

metrics. 𝝆 𝒕  is the soil moisture autocorrelation function, for a time lag t. 

Metric Definition Time scale or 
degree of 

correlation? 

Soil moisture 
anomalies defined 

relative to: 

Sign of 
anomalies 

e-folding 
autocorrelation time 
scale (e.g., 1–3) 

𝜏, such that 𝜌 𝜏  is 
“small”, e.g., 𝜌 𝜏 =
𝑒,- or 𝜌 𝜏 = 0 

Time scale Mean soil moisture 
(annual, monthly, 
or seasonally-
varying) 

Both 
positive and 
negative 

Integral time scale 
(e.g., 4,5) 𝜏 = 𝜌 𝑡 𝑑𝑡

1

2
 

Time scale Mean soil moisture 
(annual, monthly, 
or seasonally-
varying) 

Both 
positive and 
negative 

Autocorrelation at a 
fixed time lag (e.g., 
6,7) 

𝜌 𝜏 , where 𝜏 is a 
fixed time lag (e.g., 
one month) 

Degree of 
correlation 

Mean soil moisture 
(annual, monthly, 
or seasonally-
varying) 

Both 
positive and 
negative 

Soil moisture 
variance spectrum 
(e.g., 5,8) 

𝐸4 𝑓

=
1
2𝜋 𝑒,9:;

1

,1
𝜌 𝑡 𝑑𝑡 

Degree of 
correlation 

Mean soil moisture 
(annual, monthly, 
or seasonally-
varying) 

Both 
positive and 
negative 

Mean persistence 
time scale4 

Mean time spent 
continuously 
above/below a soil 
moisture threshold 

Time scale Any fixed 
threshold of 
interest (e.g., 
wilting point) 

Only 
positive, or 
only 
negative 

Water-cycle fraction 
𝐹=(𝑓) =

∆? ∆@AB
CD
AEF

= ; G;D
H

  

(see Methods for 
definitions of terms) 

Degree of 
correlation 

Time-varying soil 
moisture 
immediately 
before last 
precipitation event 

Only 
positive 
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Supplementary Figure 1: Schematic illustrating why previous estimates of soil moisture 

memory are often overestimated. Soil moisture time series (with approximately monthly 

sampling frequency) are used to estimate the autocovariance R(t) at discrete lags t (crosses, 

left panel). A curve is fit to these points (dashed line, left panel; coincident with the solid 

line for t > 30) and used to estimate R(0). Dividing this curve by R(0) results in an estimated 

autocorrelation function (dashed line, right panel). However, the true autocovariance (solid 

line, left panel) often differs substantially from the estimated autocovariance at low t; in 

particular, the true R(0) is often much higher than the value estimated from monthly data 

(the functional form for the true autocovariance function used here is taken from Entin et 

al. (2000)3). As a result, the true autocorrelation function 𝝆 𝒕  (solid line, right panel) 

decays more rapidly compared to the estimated autocorrelation function. The e-folding soil 

moisture memory time scale is estimated using both the true and estimated 𝝆 𝒕  (grey lines, 

right panel) , with the true value substantially smaller than the estimated value. 
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Supplementary Figure 2: Example PDFs of a single noisy thresholded increment ∆𝜽𝒊K 

(green solid lines), which are determined by the pdf of the unthresholded increment ∆𝜽 

(grey solid lines), with mean equal to the true increment ∆𝜽 (grey dashed lines). Left: 

example where ∆𝜽 < 𝟎. Right: example where ∆𝜽 > 𝟎. 
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Supplementary Figure 3: Plots of 𝜹𝒊 (the noise bias in ∆𝜽𝒊K) as a function of the true soil 

moisture increment ∆𝜽𝒊 [-] and the noise standard deviation 𝝈 [-].  
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Supplementary Figure 4: Global map of the effective SMAP sampling frequency, defined 

as the ratio of number of SMAP SSM retrievals used to the number of days in the sampling 

period (366). Inset: estimated probability density function (PDF) of the effective sampling 

frequency, which peaks at ~1/3 d-1. 
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Supplementary Figure 5: Same as Fig. 2b, but for 𝑭𝑷(𝟏/𝟔) rather than 𝑭𝑷(𝟏/𝟑). 
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Supplementary Figure 6: Same as Fig. 2b, but for 𝑭𝑷(𝟏/𝟗) rather than 𝑭𝑷(𝟏/𝟑). 
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Supplementary Figure 7: Same as Fig. 2b, but for 𝑭𝑷(𝟏/𝟏𝟓) rather than 𝑭𝑷(𝟏/𝟑). 
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Supplementary Figure 8: Same as Fig. 2b, but for 𝑭𝑷(𝟏/𝟑𝟎) rather than 𝑭𝑷(𝟏/𝟑).  
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Supplementary Figure 9: Same as Fig. 2b, but for 𝑭𝑷(𝟏/𝟑),𝑭𝑷(𝟏/𝟑𝟎)
𝑭𝑷(𝟏/𝟑)

.  

	 	



12 
 

References 

1. Vinnikov, K. Y. & Yeserkepova, I. B. Soil Moisture: Empirical Data and Model Results. J. 

Clim. 4, 66–79 (1991). 

2. Delworth, T. L. & Manabe, S. The Influence of Potential Evaporation on the Variabilities of 

Simulated Soil Wetness and Climate. J. Clim. 1, 523–547 (1988). 

3. Entin, J. K. et al. Temporal and spatial scales of observed soil moisture variations in the 

extratropics. J. Geophys. Res. Atmospheres 105, 11865–11877 (2000). 

4. Ghannam, K. et al. Persistence and memory timescales in root-zone soil moisture dynamics. 

Water Resour. Res. 52, 1427–1445 (2016). 

5. Katul, G. G. et al. On the spectrum of soil moisture from hourly to interannual scales. Water 

Resour. Res. 43, (2007). 

6. Seneviratne, S. I. et al. Soil Moisture Memory in AGCM Simulations: Analysis of Global 

Land–Atmosphere Coupling Experiment (GLACE) Data. J. Hydrometeorol. 7, 1090–1112 

(2006). 

7. Koster, R. D. & Suarez, M. J. Soil Moisture Memory in Climate Models. J. Hydrometeorol. 2, 

558–570 (2001). 

8. Nakai, T. et al. Radiative and precipitation controls on root zone soil moisture spectra. 

Geophys. Res. Lett. 41, 7546–7554 (2014). 

 

	




