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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

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 Both
(annual, monthly,
positive and
or seasonallynegative
varying)

1

Time scale

Mean soil moisture Both
(annual, monthly,
positive and
or seasonallynegative
varying)

Integral time scale
(e.g., 4,5)

𝜏=

Time scale or
Soil moisture
degree of
anomalies defined
correlation?
relative to:

𝜌 𝑡 𝑑𝑡
2

Sign of
anomalies

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 Both
(annual, monthly,
positive and
or seasonallynegative
varying)

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

𝐸4 𝑓
1
=
2𝜋

Degree of
correlation

Mean soil moisture Both
(annual, monthly,
positive and
or seasonallynegative
varying)

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

Degree of
correlation

Time-varying soil
moisture
immediately
before last
precipitation event

Only
positive

Water-cycle fraction

1
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(see Methods for
definitions of terms)
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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
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𝑭𝑷 (𝟏/𝟑),𝑭𝑷 (𝟏/𝟑𝟎)
𝑭𝑷 (𝟏/𝟑)

.
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