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Introduction

The supplement consists of 8 sections, 12 figures and 12
tables. The individual sections contain a comparison of
TTDs resulting from different dispersivity values (S1, Fig.
S1, Table S1), a comparison of TTDs resulting from a
looped and a continuous precipitation time series (S2, Fig.
S2), an overview of the different modeling scenarios (Table
S2), the precipitation time series created for testing the
influence of the sequence of events (Fig. S3) and the table
containing all distributions metrics for those 15 scenarios
(Table S4), the tracer mass in storage, the cumulative tracer
mass of the outflux and the cumulative mass balance errors
for the 36 scenarios (Fig. S4), methods for the computation
of TTD metrics (S3, Fig. S5), methods for and results from
the determination of young water fractions (S4, Fig. S6,
Table S3), a comparison of different theoretical probability
density functions (Fig. S7), information on TTD smoothing
(S5, Fig. S8), the derivation of TTDs from tracer
breakthrough curves (Fig. S9), the analysis of spatial tracer
distribution over the catchment and in its profile (S6, Fig.
S10), outflow probability distributions plotted against
cumulative outflow (Fig. S11), measures of how well the
different theoretical probability distributions fit the modeled
TTDs (Table S5), metrics of the TTDs derived from
scenarios with other catchment and climate properties
(Tables S6 to S12), a method to add power-law tails to
gamma probability distributions (S7, Fig. S7) as well as an
example of using TTDs for reactive solute transport
applications (S8, Fig. S12).

S1

In order to rule out that a smaller model value for the
longitudinal dispersivity o would influence our results
significantly, we set up two additional runs. In these runs we
reduced a. by 1 order of magnitude from 5 m to 0.5 m. We
chose to test the two scenarios THWB and TLDS since they
result in the longest and shortest transit times of all model
scenarios, respectively. We found only small deviations for
TLDS in the early part of the TTD (with none of the transit
time quartiles being more than five percent longer than in
the reference case with larger a.) and virtually no difference
for THWB (Fig. S1 and Table S1).

S2

We looped a 1-year-long time series of precipitation from
the northeast of Germany and used it as a boundary
condition throughout the 33-year-long model period in all of
the scenarios. In order to check whether the looping would

cause any unwanted artifacts in the resulting TTDs we
additionally created a 32-year-long synthetic continuous
precipitation time series with similar attributes: average
yearly precipitation amount of 690 mm a!, average event
interarrival time of 2.64 days and Poisson distributed
precipitation event amounts. This continuous (non-looped)
time series was attached to the 1-year-long recorded time
series to create a second 33-year-long time series. The
comparison of the two resulting TTDs shows that the
looping does not introduce any artifactual irregularities into
the TTD shape (Fig. S2).

S3

1. The first quartile (Qi) was determined via the
cumulative TTD. It is the transit time when 25 % of the
applied tracer mass has left the system.

2. The median (Q2) was derived similarly (when 50 % of
the applied tracer mass has left the system).

3. The mean transit time (mTT):
mTT = X(Joue " * At * t). (S1)

4. The third quartile (Qs) was again determined with the
help of the cumulative TTD (when 75 % of the applied
tracer mass has left the system).

5. The standard deviation (o) is a measure describing the
dispersion of a distribution, with a small standard
deviation pointing towards the data point cloud being
clustered closely around the mean:

o = /XU At * t2) — mTT? . (S2)

6. The skewness (v) is a measure that informs about how
much a distribution leans to one side of its mean. A
negative skew means that the distribution leans towards
the right (the highest concentration follows after the
mean), a positive skew indicates that the distribution
leans towards the left (the highest concentration is
reached before the mean):

_ YUSe M« Atxt3)—(3xmTT*g2)—mTT3

v 3 (S3)
7. The excess kurtosis (y):
NOTM  pty(f— 4

y= 2Uout  *Atx(t—mTT)*) -3, (84)

ot

A positive excess kurtosis means that a distribution
produces more extreme outliers than the Gaussian
normal distribution, so this measure is related
predominantly to the tail of the distribution — and only
to a lesser extent to its peak. For positive values of the
excess kurtosis, the tail of the distribution approaches
zero more slowly than a normal distribution while the
peak is higher (leptokurtic). For negative values of the
excess kurtosis, the tail approaches zero faster than a



normal distribution while the peak is lower
(platykurtic). There is no unanimous consent on the
mathematical definition of what constitutes a “heavy”
or “light” tail. According to some sources heavy tails
are those tails that have more weight than an
exponential tail — a definition which corresponds to
heavy-tailed distributions being defined as possessing
an increasing hazard (rate) function (Kellison and
London, 2011). This definition would place gamma
distributions with shape parameters o < 1 clearly in the
category of heavy-tailed distributions and gamma
distributions with shape parameters o > 1 in the
category of light-tailed distributions. Other sources,
however, attribute heavy tails only to distributions with
infinite. moment generating functions (Rolski et al,
2009). Therefore we are not using the (absolute) terms
heavy-tailed or light-tailed to describe the TTDs but
rather just refer to “heavier” and “lighter” tails in the
manuscript.

S4

We calculated young water fractions for the best-fit gamma
distributions to see how they are influenced by catchment
and event properties. The young water fraction (Fyw)
constitutes the fraction of water in discharge with an age
below 2.3 months (Jasechko et al., 2016; Kirchner, 2016).
Modeled Fy from the best-fit gamma distributions ranged
from 4 % to 100 % (Table S3). We also determined Fyw
directly from the modeled TTDs. They ranged from 0 % to
61 %. The Fy derived from the best-fit gamma distributions
and directly from the modeled TTDs differed considerably,
in particular for the scenarios with larger Fyw. The Fyw
derived directly from the modeled TTDs were almost
always smaller than the ones derived from the best-fit
gamma distributions. This overestimation resulted from the
fact that most of the best-fit gamma distributions were found
to have shape parameters « larger than 1, which led to TTDs
with initial values of 0 and a ‘humped’ shape causing less
outflow at short transit times.

In general, Fyy increases with increasing Psup, fant, Ks and
with decreasing Dsii (Fig. S6). The highest Fy, was
observed for scenarios with shallow Dsii, wet &ane and large
Psw. The increase with increasing 6a is found because
catchment soil storage is already filled and hydraulic
conductivity of the soil is already high (close to saturation)
so that the incoming event water can immediately flow
laterally towards the outlet while only a smaller fraction
stays in the soil storage or enters the low-conductivity
bedrock. In catchments with higher Ks, Fyw also increases
since the conductivity contrast between the bedrock and the
soil increases and more of the incoming event water flows
laterally towards the outlet with a higher velocity. Shallow
soils increase Fyw too due to the fact that less soil storage is
available where event water can be stored before lateral
flow is initiated. Finally, larger Psu increases Fyw as well,
which can be associated with the “flushing effect” where
more flow in the more fully saturated soil layer equals a
larger flux through the soil layer and hence a larger fraction
of young water in the discharge.

S5

The modeled TTDs where smoothed just for the purpose of
better visual comparison — all the calculations and the fitting
were performed on the unsmoothed data (see Fig. S8 for an
example of a smoothed TTD). We smoothed the TTDs by
using moving window averaging with increasing window
size towards longer transit times:

_ N, if (Int)®<0

Niepe(6) = {[N(t) —0.5(Int)3], if (Int)>>0 (S5)
B N, if Int)®<0

Nrign(8) = {[N(t) +(nt)3), if (nt)* >0 (S6)

with Niest being the model time step number at the left corner
of the window, Nyign: the model time step number at the right
corner of the window and N the model time step number at a
given transit time t. We increased the window size with
increasing transit time since we plotted the TTDs on a
double—log scale so that the older parts of the TTDs were
compressed and also because the variation in the initial
shape of the TTD is higher and influenced more by the
series of subsequent precipitation events.

S6

Comparing the evolution of tracer concentrations throughout
the model domain can explain the differences of the
resulting TTDs for the various model scenarios. Figure S10
demonstrates this by showing tracer concentrations at the
soil surface and in a depth profile close to the center of the
catchment for two very different scenarios (FHWB with the
shortest median and mean transit time and TLDS with the
longest median and mean transit time). The fast arrival of
the tracer in the FHWB scenario is possible since the tracer
quickly infiltrates the entire soil column and is transported
laterally towards the outlet. In the TLDS scenario it takes
much longer for the entire soil column to act as a pathway
for lateral flow which is partly due to the fact that Gan is low
(more pore space can be filled up until saturated hydraulic
conductivity is reached and more pore space is available to
be filled up before water will be diverted downslope at the
bedrock—soil interface). Both TTDs peak after the entire soil
column is filled with tracer and starts acting as a lateral flow
path and some tracer has entered the bedrock. This happens
almost instantly in the FHWB scenario and only after
approximately 100 days in the TLDS scenario. The amount
of tracer infiltrating into the bedrock is higher for the TLDS
scenario. This is due to the fact that the contact time
between tracer in the soil and the bedrock surface is longer.
In the FHWB scenario the tracer is flushed out of the soil a
lot faster (higher Ks and more Psy,), therefore less tracer can
infiltrate into the bedrock. The soil in the FHWB scenario is
virtually free of tracer much sooner than the soil in the
TLDS scenario, therefore the break in the tail of the TTD
(deriving from the switch from predominantly soil to
predominantly bedrock tracer outflux) happens earlier than
for the TLDS scenario (around 1000 days vs. around 5000



days). The tail is heavier for TLDS since more tracer had the
chance to infiltrate into the bedrock at later times.

S7

Adding power-law tails to gamma distributions can be done
via a simple approach that replaces the tail of the respective
distribution with a power-law tail as soon as the probability
density of the model distribution falls below that one of a
power law with a constant a of 0.2 and an exponent k of 1.6
(Fig. S7):

f® =
_t _t
1 e B . 1 e -
alm, f t*l——>at*vi<ap

per@ . (ST)

at™, if t*?t <at® At>ap

BEr (@)
In order to preserve the mass balance, the combined

distribution has to be re-normalized (accounting for the
added mass from the power-law tail):

w=[Z,f©). (S8)

TTD(t) = % (S9)

From a mass balance perspective, however, generally it is
not necessary to add these power-law tails since they only
account for a very small fraction of the total injected mass.
Yet they can alter the mTT significantly (while the median
remains largely unaffected).

S8

Modification of TTDs to incorporate reactive solute
transport into the concept can be achieved, for example, by
multiplication of the TTD with a decay function. In this
example an exponential decay function is used:

TTD,,(t) = TTD(t) * e~t/t1/2, (S10)

where TTD(t) is the probability density at transit time t and
ty is the half-life of the solute. Note that the cumulative
TTDix does not add up to a value of 1 anymore. It rather
reflects the fraction of solute that will eventually be
discharged out of the catchment (Fig. S12).

Other functions that can modify TTDs to make them
suitable predictors of reactive solute transport include
specific retardation or removal functions for certain transit
time ranges associated with flow paths through different
catchment compartments (for example, groundwater flow,
soil matrix flow, macropore flow).
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Figure S1. Comparison of TTDs derived from scenarios with
large and small longitudinal dispersivity aL. Differences are
small, in particular for the scenario with high hydraulic soil
conductivity (THWB).
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Figure S2. Comparison of TTDs derived from a continuous and
from a looped 1-year-long precipitation time series. Looping
does not cause artifacts and there is no significant difference
between the two TTD shapes.
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Figure S3. 15 different precipitation time series with similar
exponential distributions of precipitation event amounts and
interarrival times. The y axes all range from 0 to 40 mm. The
time series were created to test the influence of event sequence
on the shape of TTDs.

-0.7

0.0012
FHDB
FHDM
FHDS
FHIB
FHIM
FHIS

= = FHWB

= = osFHWM
FHWS

- = o |nput

0.12

FLDB
FLDM
FLDS
FLIB
FLIM
FLIS
===FLWB
===FLWM
-FLWS

12
Time (d)

THDB

THDM

THDS
= =THIB
== THIM
~===THIS
= = THWB
= =°THWM
====THWS

TLDB

TLDM

TLDS
==TLIB
===TLIM
e TLIS
==TLWB
==TLWM
—TLWS

Figure S4. (a) Total tracer mass in storage, (b) cumulative tracer mass outflux, (c) cumulative mass balance error for all 36 scenarios. Note

that most scenarios plot on top of each other in (c).

4



0.008 ) ) Figure S5. Distribution metrics of three different gamma
0007 (a) Mean: Skewness: distributions with varying shape parameter o and equal mean
& 3‘i’° ;g (300 h). (a) Black dashed line: mean (300 h), dotted black line
& 0.006 1 y and filled areas under the curves: standard deviation. (b) Black
- ‘:’ dashed line: mean (300 h), colored dashed lines: medians, filled
§ ' y Standard areas under the curves range from the first to the third quartile
.; —— : ggzlatlon. 22 oS (Q-Qa).
Z 0.003 : 300 Excess kurtosis: _afl'o
© a=2.0
a 1 12
© 0.002 1
(-8 1 6
0.001
O \—_
0.008 M
b ean: : a.
i (b) 300 First quartile:
e - 30
:"._:_o,oos : 85
> 1
‘@ 0.005 ]
H] 1 Median:
‘;0,004 A & —a=0.5
= 1 111 205 ~—a=1.0
g 0.003 1 1 1 _
. . a=2.0
s il Third quartile:
© 0.002 1 ™ 397
o 1
0.001 411
0 \—_
0 200 400 600 800 1000
Transit time (h)
1
.,
0.1 :
—
1
S
L.
0.01 5
Dry Wet ;8 Low High
_’ 1 _............::
eant — KS
0.001
1 -
E IRy U L ‘;.v ,.--""":.'
o ig.}.u&!..-- . " .o
« ¥ /0 e ;
0.1 L =
i » K
u.i P
0.01 ‘[ :
: Shallow Deep : Big Small
: _— : —_—
& soil sub :
-0.3 -0.1 0.1 0.3 0.5 0.7 -0.3 -0.1 0.1 0.3 0.5 0.7

F(-) F(-)
Figure S6. Change of young water fractions (Fyw) with the flow path number (F) for four different catchment and climate properties. Yellow
colors indicate dry, green intermediate and blue wet @ant. Thick marker lines indicate big, mid-sized lines medium and thin lines small
amounts of Psup. Solid lines indicate low, dashed lines high Ks, lighter shades of a color indicate shallow, darker shades deep Dsoil.



0.008 1E-01
Gamma
{a=0.5)

===Exponential

[l » (¢=1.0)

= 0.006 1E-03 ———Gamma

=~ {@=2.0)

a‘ —Rota

b3 (a=2.0; c=1000)

é 1.E-05 w—|r1v. Gauss.
(D=0.25)

D 0.004 — 1V, GAUSS,

g' (D=1.0)

= N 1.E-07 =—Log-norm,

a (0=0.5)

B 1 10 100 1000 10000  ——iog.norm.

O 0.002 lo=L0)

E Trunc, log-norm,
(0=1.0; A=30)

Power law
(k=1.8)
=+ Combined

F—

0 200 1000

400

600

Transit time (h)
Figure S7. A set of ten different common theoretical probability
distributions (all but the power law having a mean value of 300
h, grey line). The black dotted line is a distribution that is a
combination of a gamma distribution with the tail of a power-law
distribution. The inset has a log—log scale.

800

1.E-01

1.E-02

1.E-03

=== Unsmoothed
1.E-04

=~

1.E-05

= =s5moothed

1.E-06

Probability density (d)

1.E-07

1.E-08
0.01 0.1 1 10 100

Transit time (d)
Figure S8. Unsmoothed (orange) and smoothed (black) version
of the same TTD.

1000 10000

‘l, Tracer application

iR

—1
—
o

Precipitation
(mmd?)

- 15 2
il
o
E 0.015
£ x
o &
gn 75 0.010 & -~
. 53
5 0.005 »
) w=
a 0.000 2

0 200 400 600 800 1000

Time (d)

Figure S9. Precipitation input (cyan), total outflow (blue) and
tracer mass outflux (red) for the first 3 years of the model run for
scenario THDM. The normalized tracer breakthrough curve
constitutes the TTD of the injected tracer impulse.

1*10*

1*104

1*10°¢

Probability
density (d'1)

1*10% — 1 I

Tracer concentration (kg m3)

d|yold

2JeLing

-=eT FHWB
‘\ﬁ
Transit time
\1\1

o) !

10 - 10000 "

adeing

1h

12 h 4d

9|l404d

32d 256d  2048d 12000d

Figure S10. Time series of tracer concentration distribution in the subsurface across the entire catchment, in a depth profile in the center of
the catchment for two scenarios (top: FHWB; bottom: TLDS) with very different resulting TTDs shapes. The dotted black line in the profiles
represents the soil-bedrock interface; the white dashed line is the water table.

6



1.E-01

0, & K controlled ! Transition ! P & Ks THRS 8, & K controlled : Transition : P & K TLDS
1.E-02 T controlled controlled
_ R |'::.-’::T‘ THOM 1 TLOM
5 1603 £ s
- 1 1 THDB TLDB
£ e ! 1 I
a o= 1 1 THIS 1 TUIS
o | 1 1
o "
B 1.E-05 1 o 1 1 THIM 1 TLM
= 1 1 1
=R ‘ THIB
g 1.E-06 os 1 r == TLIB
3 I 1 I
O 1E07 1 I == THWS 1 —TUWS
a 0.4
1.6-08 02 / : : ==THWM 02 : —TLWM
0 —— 0
1E-09 10 100 1000 10000 moom! (a) ! Ky, controlled == «THWB 10 100 1000 10000 wuwr! (b’ ! Ke- controlled —TLWE
1.E-01 I 1 i 1
0, & K, controlled nsition Poup & K FHDS 0, & K. controlled Transition Pob & K FLDS
o) 1 | 1
1,E-02 - 4 Ny *’_“ controlled controlled
- O T -'}‘.-.,--f ‘q‘ FHOM FLOM
-
? Y
1.E-03
= 1 I N FHOB i FLDB
‘é. 1.E-04 1 1 1 !
2 - 1 1 FHIS 1 1 FUS
] | 1 | 1
©
4 LE0S | o 1 | | 1 FLIA
£ | | | 1
5 LE06 o8 ,J/ i 1 FHIB 08 i 1 FLIB
3 06 Il 1 r 06 ] r=-==—=—
O 1E07 i 1 FHWS 1 1 —FLWS
o 04 ,/ 0.4
1,6-08 02 /" : : - = FHWM 0.2 : : e FLWM
Y um! (C) 1 K controlled o ! (d) I Kg controlled
1.E-09 10 100 1000 10000 100 - - ofHWB 10 100 1000 10000 10000 - -—FfLWB
A .1 1 1 1
0.1 1 10 100 1000 10000 100000 0 10 00 1000 10000 00000
Cumulative outflow (m?3) Cumulative outflow (m?3)

Figure S11. Similar to Fig. 7 except for the fact that outflow probability is plotted against cumulative outflow instead of transit time.
Distributions are grouped by soil depth (a and b = deep (thick); ¢ and d = shallow (flat)) and saturated hydraulic conductivity (a and ¢ =
high; b and d = low). Yellow colors indicate dry, green intermediate and blue wet @ant. Thick lines indicate big, mid-sized lines medium and
thin lines small Psu,. Dashed black lines divide TTDs into four parts, each part controlled by different properties. Note the log—log axes.
Insets show cumulative outflow probability distributions.

5.E-02
5.6-03
5.6-04
5.E-05
5.6-06
5.6-07

FHWB
5.E-08 %ml(ty,= 10days)= 7.6

%m(ty, = 100days)= 58.7 3
%m (ty/, = 1000 days) =  93.8 4 \

Probability density (d)

5.E-09 *
0.01 0.1 1 10 100 1000 10000

Transit time (d)

Figure S12. Two TTDs from the FHWB (blue) and TLDS
(yellow) scenarios. Each one modified by three functions of
exponential decay (with half-lives ti2 of 10, 100 and 1000 days).
The fraction of mass eventually leaving the system (%wm) can
differ greatly: for a half-life of 100 days, the FHWB TTD still
delivers 59 % of the original input to discharge while the TLDS
TTD only delivers 2 %.



Table S1. Metrics of the TTDs for the simulations with larger (5 m) and smaller (0.5 m) values of the longitudinal dispersivity ar. All times

are given in days.

Name

Dispersivity Large

First quartile
Median
Mean
Third quartile
SD
Skewness
Exc. kurtosis

THWB TLDS

Large

Small Small

HE BN

Short Long

Wider Narrower
More skewed Less skewed
More peaked Flatter

Table S2. Information on which of the base-case scenarios (upper table) the other scenarios are based upon (dispersivity — italic; porosity —
blue; bedrock conductivity — orange; decay in hydraulic conductivity — red; precipitation frequency — green; catchment shape — bold; soil
water retention curve — purple; extreme precipitation after full saturation — yellow).

Dgoit Deep (thick)
Ks High Low
Oant Dry Int Wet Dry Int Wet
Pyp  Small  Med Big | Small Med Big | Small Med Big | Small Med Big | Small Med Big | Small Med Big
Name THDs [THDM| THDB | THIS [ THIM | THIB | THWS [THWM[7HWB | 7tos  Tiom [TIDB | Tus  Tum  TuB | TLws TLwMm [TLWB
Dispersivity: Name THWB TLDS
Dispersivity  Large Small | Large  Small
|Porosity: | Name THDM THIM THWM
Porosity Small |Normal| Large | Small |Normal| Large | Small |Normal| Large
Bedrock conductivity: Viow | Low MLow MHigh High VHigh
Decay of Name THDB THWB TLDB TLWB
hydraulic conductivity: Decay | No | Yes [ No | ves | No | ves | No | ves
Arid_[THDM Humid
Catchment shape: Name THDM THWM
Shape Top Mid Bot Top Mid Bot
Water Name THDS THDB THWS THWB TLDS TLDB TLWS TLWB
retention curve: WRC Silt Sand Silt Sand Silt Sand Silt Sand Silt Sand Silt Sand Silt Sand Silt Sand
Extreme precipitation Ks High Low
after full saturation: Name THWB THSB THSB® THSB™|[ TLWB TLSB TLSB® TLSB™*

Table S3. Young water fractions (Fyw) for the 36 different base-case scenarios. The young water fractions are determined from the best-fit
gamma distributions (Fyw cam) and from the modeled TTDs themselves (Fyw mod).

Dol Deep (thick)
Ks High Low
Ognt Dry Int Wet Dry Int Wet
Pob Small  Med Small  Med Big | Small Med Big | Small Med Big | Small Med Big | Small Med Big
Name THDS THDM THIS THIM  THIB | THWS THWM THWB| TLDS TLDM TLDB TLIM TUB | TLWS TLWM TLWB
011 029 0.30 019 032 063 0.09 0.15 010 015 | 008 013 0.18
0.18 0.25 0.40 0.08 0.12 012 0.20 Small Large
Shallow (flat)
FHWS FHWM FHWB | FLDS FLDM FLDB | FLIS FLIM FLIB | FLWS FLWM FLWB
030 0.60 009 017 023 | 011 017 024 ( 014 019 025
025 039 061 0.20 h 010 023 | 009 017 025

Table S4. Distribution metrics for the 15 TTDs resulting from different precipitation event sequences. For comparison we also show the
metrics for the THDM scenario which uses an actually measured time series of precipitation and has a slightly different distribution of
precipitation event amounts and interarrival times but otherwise similar catchment and climate properties. The means (i) and standard
deviations (o) of the metrics of the 15 scenarios are also shown. All times are given in days.

Name

First quartile 179
Median 207 | 220 208 245 241 227 250
Mean 277 280 286 291 280 306

Third quartile 33
sD 298 | 299 294 295
Skewness 15.6
Exc. kurtosis 416 422 432

251 239
300 300

298 295

432 . 433 421

246 207 244
302 262 296

236 242

297

15.6

15.4 15.5

424

"

244 204 234 16 Short Long
265 288 13
8 ]
297 | 299 298 25 Wider Narrower
155 154 0.16 More skewed  Less skewed
429 422 6.5 More peaked Flatter




Table S5. Deviations of mean (green) and median (blue) transit times between the best-fit theoretical probability distributions and the
modeled TTDs. Sum of the squared residuals (yellow) indicating goodness of fit between theoretical probability distributions and modeled
TTDs. All times are given in days.

D.o Deep (thick)
Ks High Low
Bt Dry Int Wet Dry Int Wet
Poub Small  Med Big | Small Med Big | Small Med Big | Small Med Big | Small Med Big Small  Med Big
Name THDS THDM THDB | THIS THIM THIB [ THWS THWM THWB| TLDS TILDM TLDB TLIS TLIM TUB | TIWS TLWM TLWB
IvGau |64 ® | 12 20 6 | 2 a1 25 2 | w02 44 32 | 60 35 18 |
AMean  Gamma -282 -109 | -132 - -81 26 423 172 -10 -186 -74 30 -52 31 84 Small error Large error

LogN 8 -9 -6 30 56 a4 75 49 32

InvGau -32
A Median Gamma -15

LogN -28
InvGau  0.44

] 28 s B ]
-13 -26 -20 Small error Large error
-35 -14 -18 -43 -31

051 092 110 | 1.78 180 165 | 263 240 210 | | |

Fit Gamma  0.38 1.28 0.52 0.40 211 1.36 0.90 0.36 0.32 0.26 Good fit Bad fit
LogN 0.37 0.68 0.90 1.25 1.32 1.22 1.95 1.83 1.60
D.on
Name FHDS FHDOM FLDM  FLDB | FLIS  FLIM FLIB | FLWS FLWM FLWB
InvGau 13 10 9 34 16 10 15 8
AMean  Gamma -195 -56 11 -87 -17 40 35 57

15 15 19

Log 4
InvGau 1 - -18

AMedian  Gamma 21 20 13
logh | 13 12 3 - 2 86

InvGau ~ 0.38
Fit Gamma 085 077 014
LogN 0.43 0.40 0.14

068 053
0.73
0.52

0.44
0.44
0.39

171 121 092
102 081 064
1.24 0.89 0.65

Table S6. Metrics of the TTDs derived from simulations with different soil porosities: small = 0.24 m3 m=3, normal = 0.39 m® m= and large
=0.54 m® m=3. All times are given in days.
Name THDM

Porosity Small |Normal| Large
First quartile 137 178

THWM

Small

Small Large Large

Median 135 207 Short Long
Mean 177
Third quartie 202 T
sD 248 Wider Narrower
Skewness More skewed Less skewed
Exc. kurtosis More peaked Flatter

Table S7. Metrics of the TTDs derived from simulations with different saturated bedrock hydraulic conductivity Ker. Very low = 107, low =
1075, medium low = 103, medium high = 102, high = 102, very high = 1, and equal = 2 m day*. The “low” scenario corresponds to THDB.
All times are given in days.

Name Vlow = Low MLow MHigh High VHigh Equal

Median 122 132 160 144 138 Short Long
Mean 145 151 196 182 166
Third guartile 163 167 180 211 22 206
sD 138 189 211 129 116 Wider Narrower
Skewness 7 2 2 2 More skewed Less skewed
Exc. kurtosis 79 11 4 5 More peaked Flatter

Table S8. Metrics of the TTDs derived from simulations with a decay in saturated soil hydraulic conductivity Ks. Mean values of scenarios
with and without decay are presented in the two columns on the right (p). All times are given in days.

Name THDB THWB TLDB TLWB
Decay No Yes No Yes No | Yes | No | Yes Hnobecay  Mpecay
First quartile | 89 e 122 e s [WEOWEN 2[00 T
Median 115 111 291 261 263 173 189 156 Short Long
Mean 151 144 110 103 342 288 275 219
Third quartile 167 158 136 132 F |
sD 189 182 173 173 354 278 Wider Narrower
Skewness 5 8 6 10 17 - More skewed  Less skewed
Exc. kurtosis 70 158 86 201 704 More peaked Flatter




Table S9. Metrics of the TTDs derived from simulations with different precipitation frequencies (arid: low-frequency, 15 days interarrival
time; humid: high-frequency, 3 days interarrival time). For comparison, the THDM scenario has a precipitation frequency (derived from a
natural precipitation time series) which is quite similar to the humid case. Means (u) and standard deviations (o) of the arid and humid
scenarios. All times are given in days.

Name Arid Harig  Humid Oarid  Fnumid
Median 256 228 25 14 Short Long
Mean 310 283 13 5
Third quartile 8 9 B ]
SD 287 4 3 Wider Narrower
Skewness 15 0 0 More skewed  Less skewed
Exc. kurtosis 410 15 7 More peaked Flatter

Table S10. Metrics of the TTDs derived from simulations with silt-type and sand-type soil water retention curves (WRCs). The mean values
for the silt psit and sand psand SCenarios are given on the right side. All times are given in days.

Name THDS THDB THWS THWB TLDS TLDB TLWS TLWB
WRC Silt Sand Silt Sand| Silt Sand Silt Sand| Silt Sand Silt Sand Silt  Sand Msiit  Msand
First quartile 244 |45 89 101 458 | 54 126 91 173
Median 441 142 115 | 218 785 160 291 263 345 120 Short Long
Mean 5158 175 151 354 58 | 1009 341 439 400 225 472 209
Third quartile 656 223 501 118 136 82 491 576 546 307 626 284
sD 455 325 443 245 173 142 455 5505 513 378 497 329 Wider Narrower
Skewness 7/ 18 7 | - 5 5 6 6 11 s More skewed Less skewed
Exc. kurtosis 125 453 123 1 1426 20 62 70 86 98 388 758 More peaked  Flatter

Table S11. Metrics of the TTDs derived from simulations with different catchment shapes (top-heavy, bottom-heavy). ‘Mid’ refers to the
basic oval shape. All times are given in days.

Name THDM
Shape Top Mid Bot
First quartile = 136 137 136 -:-
Median 203 Short Long
Mean 277
sD Wider Narrower
Skewness More skewed Less skewed

Exc. kurtosis More peaked Flatter

Table S12. Metrics of the TTDs derived from simulations with wet (W) or fully saturated (S) antecedent moisture conditions and very large
(*; 10 mm hY) or extreme (***; 100 mm h-1) event precipitation. The percentage of overland outflow during the first 10 days (% SOF1o) is
also listed. All times are given in days.

Name THWB THSB THSB® THSB*‘| TLWB TLSB TLSB" TLSB™ High Low
% SOFy, 89 93
First quartile = 45 -:-
Median 85 Short Long
Mean 110
Third quartile 136 |
sD 173 Wider Narrower
Skewness 29 More skewed Less skewed
Exc. kurtosis =~ 1426 More peaked Flatter
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