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Abstract

Soil moisture signatures provide a promising solution to overcome the difficulty of evaluating soil moisture dynamics in hydrologic
models. Soil moisture signatures are metrics that quantify the dynamic aspects of soil moisture timeseries and enable process-
based model evaluations. To date, soil moisture signatures have been tested only under limited land-use types. In this study,
we explore soil moisture signatures’ ability to discriminate different dynamics among contrasting land-uses. We applied a set
of nine soil moisture signatures to datasets from six in-situ soil moisture networks worldwide. The dataset covered a range
of land-use types, including forested and deforested areas, shallow groundwater areas, wetlands, urban areas, grazed areas,
and cropland areas. Our set of signatures characterized soil moisture dynamics at three temporal scales: event, season, and
a complete timeseries. Statistical assessment of extracted signatures showed that (1) event-based signatures can distinguish
different dynamics for all the land-uses, (2) season-based signatures can distinguish different dynamics for some types of land-uses
(deforested vs. forested, urban vs. greenspace, and cropped vs. grazed vs. grassland contrasts), (3) timeseries-based signatures
can distinguish different dynamics for some types of land-uses (deforested vs. forested, urban vs. greenspace, shallow vs. deep
groundwater, wetland vs. non-wetland, and cropped vs. grazed vs. grassland contrasts). Further, we compared signature-based
process interpretations against literature knowledge; event-based and timeseries-based signatures generally matched well with
previous process understandings from literature, but season-based signatures did not. This study will be a useful guideline for
understanding how catchment-scale soil moisture dynamics in various land-uses can be described using a standardized set of

hydrologically relevant metrics.
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Rising I|mb density - Distribution type
(Sawicz et al., 2011) (Branger & McMillan, 2019;
Graham and Lin, 2012)

Timing Response type Transition date -
(Graham and Lin, 2012; (Branger & McMillan, 2019)
Wiekenkamp et al., 2016)
Rising time Transition duration -
(Branger & McMillan 2019) (Branger & McMillan, 2019)
WEEGTTLERE  Normalized amplitude - Field capacity
(Branger & McMillan, 2019) Wilting point

(Branger & McMillan, 2019;
Chandler et al., 2017)
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Event-based signatures

Normalized amplitude Rising time Rising limb density No response rate
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Study site Event-based ‘Season-based Timeseries-based
Land-use Dry-to-wet transition ~ Wet-to-dry transition
. Response L N Distribution
(disturbed vs. " . Rising limb No response " . Field - .
Creistormod; Depth (cm) (sequ{‘pee - Ampltude Rising time <519 1 Teln® StartDay Duration StartDay Duraton  EC Witing point (u"mp:d "

ws 5
Deforested 20 1 T 0
vs. Forested 0 1
1 { 1
HB 13 13 T
Housingv. 40 1 T 1 1
Greenspace  gg 4 { 13
13 $ 1 {
13 T T 1
RM 1 T T4
Shallow v. T T T 1T
Deep GW 1 0 [
1 t 1 -
{ 13 L 1
T 4 { {
4 l T
0 0 . -
T T
T 13
T T
T 1
Bl T L |
-20 o 20 0 0.05 0.1 20.15 -100 o 100
% change in P-value color scale % change in
sequential responses unimodal distribution

021

)

21 Dec




TX

HB

wB

wB

RM

HB
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Signatures

Event-based

Season-based

Timeseries-based

tRyesep;;:s:f Amnlitude Rising |Rising limb resN:;we Dry-to-wet transition | Wet-to-dry transition Field Wilting D;t:lz::)fn
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Earlier transition due to_interception\, & rain
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~ storage etal. 20163 & 2019_) 2016b; Laio, 2002); closer to transition & interceptiony, (Wiekenkamp
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Hudson et al., 2014)
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Black letters ... signatures

tested in this study

Gray letters ... potential signatures
(not included in this study)

Response
types ?

Sequential Non-sequential

Large amplitude / RLD
Small rising time / no
response rate
at the shallow soil
layer?
Saturation at the
shallow soil layer?

Hillslope response
happening from
uphill to toe?

Yes

Overland flow

Infiltration Preferential flow Lateral flow
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