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S1 Synthetic case study: inferring known true parameters

To check if the implemented likelihood and sampling functions are inverses of each other,
we produce a streamflow sample with known parameters according to the procedure out-
lined in Sect. 2.3. Table S1 shows the results when trying to re-infer those known pa-
rameters with the error models presented in this study. In all cases, the true value of the

parameters are inside the posterior 95%-confidence intervals.
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Figure S1: Marginal prior (blue) and posterior (orange) densities of hydrological and error
model parameters. The combination of catchment, temporal resolution and error model

is given in the top left corner.

S2 Complete results

S2.1 Marginal prior and posterior densities

This section contains the marginal density plots of the prior and the posterior parameter
distributions for all tested error models at hourly and daily resolution in the Murg catch-
ment. Note that the lognormal distribution type chosen to represent the prior knowledge
of non-negativity of parameter values, together with the assumed large standard deviation
to allow the distribution to span multiple orders of magnitude, can result in pronounced

peaks of the prior near the lower end. This is especially the case for Smax, Tmax and Tmin-

S2.2 Kullback-Leibler divergence

The Kullback-Leibler divergence of the marginal posterior parameter distributions from
the prior were calculated using the 10 nearest neighbours and a sample size of 10000 for the
posterior and the prior. Figure S13 and S14 show those divergences for the hydrological

model and the error model parameters, respectively.
S2.3 Standardized innovations
The standardized innovations are defined as:

n(ti) = n(ti-1) exp(—355)

x(ti) = - (S1)
\/1 - exp(—Q%)
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Figure S2: Marginal prior (blue) and posterior (orange) densities of hydrological and error
model parameters. The combination of catchment, temporal resolution and error model

is given in the top left corner.
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Figure S3: Marginal prior (blue) and posterior (orange) densities of hydrological and error
model parameters. The combination of catchment, temporal resolution and error model

is given in the top left corner.
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Figure S4: Marginal prior (blue) and posterior (orange) densities of hydrological and error
model parameters. The combination of catchment, temporal resolution and error model

is given in the top left corner.
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Figure S5: Marginal prior (blue) and posterior (orange) densities of hydrological and error
model parameters. The combination of catchment, temporal resolution and error model

is given in the top left corner.
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Figure S6: Marginal prior (blue) and posterior (orange) densities of hydrological and error
model parameters. The combination of catchment, temporal resolution and error model

is given in the top left corner.
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Figure S7: Marginal prior (blue) and posterior (orange) densities of hydrological and error

model parameters. The combination of catchment, temporal resolution and error model

is given in the top left corner.
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Figure S8: Marginal prior (blue) and posterior (orange) densities of hydrological and error
model parameters. The combination of catchment, temporal resolution and error model

is given in the top left corner.



Murg 1h E4

005 600
15 0.04
0.03 400
1.0
0.02 200
05 0.01
0.0 0.00 0
0.6 0.8 1.0 1.2 0 100 200 300 0.000 0.001 ) 0.002
Ce [ Smax [mm] ky [h™]
30
4 75
3
20
5.0
2
10
. 25
000 0.00 0.010 0.01 0.020 9 0.9
- -005 X LY 5 - 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.2 0.4 0.6 0.8
ki [h] a[] b [-]
2.0
0.06 0.075
15
0.04 0.050
1.0
0.02
0.025 05
0.00 | | 0.0
0 25 50 75 0.000 4 3 1.0 15 2.0 25
Tmax [h] df Yy

Figure S9: Marginal prior (blue) and posterior (orange) densities of hydrological and error
model parameters. The combination of catchment, temporal resolution and error model

is given in the top left corner.
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Figure S10: Marginal prior (blue) and posterior (orange) densities of hydrological and

error model parameters. The combination of catchment, temporal resolution and error

model is given in the top left corner.

11




Murg 1h Eda

0.05 600 30
15 0.04
400 20
0.03
1.0
002 200 10
08 0.01
0.0 0.00 0 0
0.6 0.8 1.0 12 0 100 200 300 0.000 0.001 0.002 0.000 0.001 0.02 0.003 0.004
-1 -1
Ce [1] Smax [mm] ky [h™] ki [
0.06 0.06
4 75
3
50 0.04 0.04
2
25 0.02 0.02
1 .
Q 0.0 0.004 0.004
00 01 02 03 04 05 06 00 01 02 03 04 05 0 5 10 15 20 0 20 40 60
a[-] b [-] Tmin [h] Tmax [N]
20
0.075
1.5
0.050
1.0
0.025 05
0.000 ; ; | | 0.0
25 50 75 100 125 1.0 1.5 2.0 2.5
df Y

Figure S11: Marginal prior (blue) and posterior (orange) densities of hydrological and
error model parameters. The combination of catchment, temporal resolution and error

model is given in the top left corner.
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Figure S12: Marginal prior (blue) and posterior (orange) densities of hydrological and
error model parameters. The combination of catchment, temporal resolution and error

model is given in the top left corner.

13



4
‘\‘ 8_
1
97 74 %
[0} “‘
= ,
o 641
(@) sooh
5 6- Al
&) 5 - K':’:S’%. Error Model
é \ \Z::g% —— E1
- 44 & —— X el
: =N TR
3 = | — E3()
T T T T T T Esa(*)
1 6 24 1 24 E40)
Ky Ki E4a(*)
A 81
674 Catchment
— 1+ “‘l 7'
L R —— Maimai
() Loate =AY
5- 4 “ RS _ .
= L 614 +-- Murg
)
>
2 4
T
-
X 3-
2 T T T . I :
1 6 24 1 6 24
Resolution [h] Resolution [h]

Figure S13: Kullback-Leibler divergence of the marginal prior and posterior distributions
of the hydrological parameters, calculated with the nearest-neighbour method based on a

prior and posterior sample size of 10000 each.
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Figure S14: Kullback-Leibler divergence of the marginal prior and posterior distributions

of the error model parameters, calculated with the nearest-neighbour method based on a

prior and posterior sample size of 10000 each.
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Figure S15: Standardized innovations, x (Eq. S1), based on the parameter values at the
maximum posterior density obtained with error models E2 and E3(*) for hourly data
resolution in the Maimai and the Murg catchment. * : smoothing P, (t) with a moving

average window of size 5 h before applying Eq. (11).

where At =t; —t;_1. x is the decorrelated and standardized version of 1 (compare to Eq.
(4) and should correspond to white noise if all the underlying assumptions are fulfilled.
Note that 7, and therefore also x, can only be calculated for a given set of parameters, 6
and 1. Figure S15 shows a specific period of the time series of y based on the parameter
set with the maximum posterior density for error models E2 and E3 (E3*) in the Murg

(Maimai) catchment.
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