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Why studying the River Discharge (RD) of Panaro (Bomporto) and Reno (Casalecchio)?

2019-11-17

j} . ¥ il

Emilia-Romagna region (Italy) was hit by several hydro-meterological
extremes in recent years. E.g. in the last 7 years we observe:

Date Station River Max Inst. RD [m?®/s] | Daily Mean RD [m?/s] as.seN | e fefona
2 February 2019 Casalecchio |Reno 1280 NA
5 December 2020 | Spilamberto | Panaro 960 495
45°N
27 February 2024 | Casalecchio |Reno ? 459
23 January 2021 Casalecchio |Reno 700 422
17 May 2023 Casalecchio |Reno ? 374 : - ; -
44.5°N, Vol ¢ o o JPRE SEESE . ey s -
18 May 2023 Bomporto Panaro ? 368 5 : ]

Is it by chance or because of an external forcing
change?

We try an UNSEEN approach: using ensemble reforecasts 435N
(made by the EFAS hydrological model) we try to determine

if the RD extreme events are due to external forced _ ~
changes or if they are more compatible with the internal B5'E  10°  105°E 11°E  IL5°E  12°F  125°
atmospheric variability estimated by the ensemble.
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River Discharge data studied to analyze the Panaro and Reno:

1. Observed river discharge data by “ARPAE”. 1923-2023 daily-mean RD, from which we derive also the
RD annual maxima.

2. “Historical EFAS” RD: deterministic forecasts made by

Years 1993 1994 - 2014 Seasonal forecasts SEASS

> — LISFLOOD hydrological model, forced with “daily observed
ontl - = 12 starting months ” . . - -

e Qe |5 25 members data” (using high-res. EMO1 observational rain dataset
L 2 and E_RA5 as large _scale forping) and calibrated on ARPAE
ee t id 2 o s RD. Since 1992. Spatial resolution: 1.3x1.9 km.

61616 6—— _8—— Use each forecast once in
71717 9_. the creation of 1 set of " ”
A e 2 " srosseress 3. “Reforecast EFAS” RD: ensemble forecasts by same
9 11 0
- ] LISFLOOD, forced with SEASS seasonal reforecast (25
v S members, initialized the first day of month and valid for the
Klehmet, K., Berg, P., Bozhinova, D., Crochemore, L., Du, Y., Pechlivanidis, next ~ months)’ since 1992 (bUt VV.e use dat_a Only since 2000’
l., Photiadou, C., & Yang, W. (2024). Robustness of hydrometeorological because before SEASS is not considered reliable). Resolution:
extremes in surrogated seasonal forecasts. International Journal of y
Climatology, 44(5), 1725-1738. RD 1.3x1.9 km, but SEASS forcing model at only 22x31 km.

4. “Surrogate trimestral EFAS” RD: 25 reforecast EFAS timeseries started from four different initial
times (first of Apr, May, Jun and Jul 1999), skipping the first three months for statistical independence of
members, and concatenated until 2023. In this way we obtain 100 timeseries of surrogate RD.
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EFAS and ARPAE timeseries: historical trends of annual max RD

FOI’ the EFAS mOdel mOSt Of NW ApennlneS I’IverS 500 4 — bomporto RD in panaro - Annual Maxima (1992-2023)
have an increasing trend of their RD annual maxima, Dot meazan R0 g0t
while most of Alpine rivers have a decreasing trend. S A P

Relative slope [%/year] of RD annual-max (1992-2024)
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In Bomporto annual max of historical EFAS has a statistically
significant positive trend with slope m=3.7 m?/sy (Std.Err.=1.7)

44°N

- TN _O and a correlation with time of R=0.37 (p-value=0.04) since
IS 1992, or m= 6.6 m?/sy since 2000.
To5°E e 11sE T2 Ts ARPAE data have also a positive trend, even if less statistically
e — significant, probably because affected by the expansion tanks,

6 4 2 ; ; i 6 active since ~1985 (hence we do not consider ARPAE trend).
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100 surrogate EFAS timeseries and 100 trends of RD annual max:
bomporto dis24 in panaro annual maxima m=Apr/00 b We have 100 EFAS Surrogate tlmeserIeS

200 | = mes iy -0z proke-ass Apr00...Apr24 + May00...May24 + Jun00...Jun24 + Jul00...Jul24
------------------- 1 each one with a different linear fit (and hence a different slope m) of
‘ { ‘ ‘ ‘ ‘ their RD annual maxima.
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bomporto dis24 in panaro annual maxima m=Apr/01
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2000 2004 2008 2012 2016 2020 2024
bomporto dis24 in panaro annual maxima m=Jul/24

= Max of each Year

== m=3.0 m3* 1y, R=0.32, p-value=0.132
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100 surrogate EFAS timeseries and 100 trends of RD annual max:

3s~1y~1, R=0.02, p-value=0.944

ILII

2004 2008 2012 2016
bomporto dis24 in panaro annual maxima m=Apr/01

I "\"\‘*ﬂ”| 1]

2004 2008 2012 2016

bomporto dis24 in panaro annual maxima m=Jul/24

== m=3.0 m3* 1y, R=0.32, p-value=0.132

T

2004 2008 2012 2016

* We have 100 EFAS surrogate timeseries:

Apr00...Apr24 + May00...May24 + Jun00...Jun24 + Jul00...Jul24
each one with a different linear fit (and hence a different slope m) of
their RD annual maxima.

Hypothesis:
the EFAS RD ensemble model describes the “real” climatic
variability of the annual maxima in Bomporto station.
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100 surrogate EFAS timeseries and 100 trends of RD annual max:

=== Max of each Year

m=0.1 m3*s~1y~!, R=0.02, p-value=0.944

\\H _____ 1

2000 2004 2008

2012 2016

2020

bomporto dis24 in panaro annual maxima m=Apr/01

2024

= Max of each Yea

Tl

2000 2004 2008

2012 2016 2020

bomporto dis24 in panaro annual maxima m=Jul/24

20

24

—— Max of each Year
== m=3.0 m3* 1y, R=0.32, p-value=0.132
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* We have 100 EFAS surrogate timeseries:

Apr00...Apr24 + May00...May24 + Jun00...Jun24 + Jul00...Jul24
each one with a different linear fit (and hence a different slope m) of
their RD annual maxima.

Hypothesis:
the EFAS RD ensemble model describes the “real” climatic
variability of the annual maxima in Bomporto station.

Three questions:

1. How the variability of the RD intensity of the 100 realizations of
annual maxima compares with the -unique- historical EFAS annual
maximum?

2. How is the distribution of the 100 m slopes (surrogate trends)? In
particular, the historical EFAS slope is an outlier of this distribution?
3. How the seasonal cycle of surrogate compares with the historical?
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100 surrogate EFAS timeseries and 100 trends of RD annual max:

bomporto dis24 in panaro annual maxima m=Apr/00

=== Max of each Year
m=0.1 m3*s~1y~!, R=0.02, p-value=0.944

\\H _____ 1

2000 2004 2008 2012 2016 2020
bomporto dis24 in panaro annual maxima m=Apr/01

2024

= Max of each Yea

i

2000 2004 2008 2012 2016 2020

bomporto dis24 in panaro annual maxima m=Jul/24

20

24

—— Max of each Year
== m=3.0 m3* 1y, R=0.32, p-value=0.132
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* We have 100 EFAS surrogate timeseries:

Apr00...Apr24 + May00...May24 + Jun00...Jun24 + Jul00...Jul24
each one with a different linear fit (and hence a different slope m) of
their RD annual maxima.

Hypothesis:
the EFAS RD ensemble model describes the “real” climatic
variability of the annual maxima in Bomporto station.

Three questions:

1. How the variability of the RD intensity of the 100 realizations of
annual maxima compares with the -unique- historical EFAS annual
maximum?

2. How is the distribution of the 100 m slopes (surrogate trends)? In
particular, the historical EFAS slope is an outlier of this distribution?
3. How the seasonal cycle of surrogate compares with the historical?

Definitions:

<m> = common signal of external forced changes = S
Stand_Dev(m) = noise of the internal atmospheric variability = N
Signal/Noise ratio = S/IN. S/IN>1 means a strong external forcing.
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There is a discrepancy between surrogate and historical annual max values and trends:
24 Annual Maxima: the 100 surrogate annual-maxima statistics & historical maximum
historical annual max o { =T 510 sreameims
(positive trend) is N (RS
often above the T pe—
mean of the 100
surrogates maxima £ s
(no trend). In 2019
and 2020 it is above
the maximum of all ]

100 surrogate maxima. -

400 1

arge [m3/s]
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There is a discrepancy between surrogate and historical annual max values and trends:
24 Annual Maxima; the 100 surrogate annual-maxima statistics & historical maximum Distribution of 100 surragate m slopes in bomporto
historical annual max s { =T g% arermexme ] — trenmonea [

[ . —8— median 100 annual-maxima —:= Mean - 1SD: -1.71
(pOSItlve trend) IS 500 | 25t_75% 100 annua |-maxima 121 —:- Mean + 15D: 2.09

== l|historical annual-max <> Std. Err. of slope fit m o

often above the T

400 1

mean of the 100
surrogates maxima £ s
(no trend). In 2019

and 2020 it is above

arge [m3/s]

Disc

200 41

the maximum of all | _ 0

100 surrogate maxima.

T T T T T
-4 -2 0 2 4 6 8
Slope of linear fit m []

The mean slope of the 100 surrogates (S) is only 0.19 m?3/sy,
which is much lower than the positive trends of the historical EFAS
in the same period (6.6 m3/sy is an outlier). The ensemble spread
of slopes is SD=1.9, leading to S/N = 0.10: in this ensemble there
IS no clear external forcing emerging from the internal variability.
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There is a discrepancy between surrogate and historical annual max values and trends:

24 Annual Maxima: the 100 surrogate annual-maxima statistics & historical maximum Distribution of 100 surrogate m slopes in bamporto

historical annual max se{ 2T o2 e w] v

(positive trend) is o] 1357359 59 st marima 12 ]| Hean + 150: 200 |

often above the I R N Eierianas | | W

mean of the 100 5*| n | |

surrogates maxima § i1 i & i

(no trend). In 2019 =& | i :_ g :

and 2020 it is above 21 ! !

the maximum of all | | | | ‘ o e

100 Surrogate maxima. ’LQQQ WQQG’ W&o — WQ& ,@’f’ bomporto daily seasonal cycle: s::ztor::::*n:a:“and perc. for hist. and surrc

The mean slope of the 100 surrogates (S) is only 0.19 m3/sy, = e

which is much lower than the positive trends of the historical EFAS 150 | = Mool 100 158 e

in the same period (6.6 m3/sy is an outlier). The ensemble spread e | 7 et e

IQR (25-75%) surrogates

of slopes is SD=1.9, leading to S/N = 0.10: in this ensemble there
IS no clear external forcing emerging from the internal variability.

Discharge [m?3/s]
[
o
o

75 A

50 1

Lastly, this discrepancy is seasonal-dependent, with the strongest
underestimation occurring between mid-October and December.

Why? Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

25 A
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Synoptic analysis for the Bomporto first 6 annual max: 2011117, 4882 m3/s
Dataset |Reference date [ Reference RD [m?3/s] |Historic freq. [%] | Surrogate freq. [%]
Historical 20191117 488 0.154 0.153
EFAS 20201205 432 0.565 0.500
(11688 20230502 350 0.180 0.126
days)

19940612 328 3.294 3.381
20111026 300 3.140 2.670
20081201 279 1.258 1.358
surrogate 20001011 May_05 613 0.009 (1 case) 0.013
EFAS 20081006 May 03 545 0.779 0.556
(922300
20211013 Jun_18 515 7.893 9.454
days)
20090903 Jul_23 450 0.462 0.516
20071006 Jul_03 439 0.342 0.268
20200607 Jun_23 421 7.997 8.907

The frequency of days “similar” to a given synoptical condition (correlation of Z500
and MSLP > 0.7) is of the same order in the historical world (ERAS5) as in the C
surrogate world (SEASS), hence SEASS5 represents well the variability of ERAS
circulations leading to RD extremes. However, configurations similar to these maxima

are much more frequent than RD extremes and can be associated also to very low RD. y
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Spatial and temporal analysis of the local rain: mean EMO1 and SEASS climo

1. We downgraded the 2000-2022 rain of EMO1
on the SEASS grid and computed the “rain
bias” on each gridbox.
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Spatlal and temporal anaIyS|s of the local rain: mean EMO1 and SEASS climo

Inflation (mean-based): EMO1 / SEAS5 — annual mean

1/3: /

= 0. . . 2. EMO1 mean rain has a peculiar
= gpatial climatology, with larger
I .. mean rain toward the SW corner
: ¢ (mountains), while SEASS rain is
N e L. .1 11" more homogeneous. Thus, the map
«~  Of mean-rain bias (blu-red map) has

1 We downgraded the 2000-2022 rain of EMOL I a spatial distribution, similar to the

[m

pr(mm]

tio (dim

on the SEAS5 grid and computed the “rain EMOL1 climatology.
bias” on each grldbox 104 106 1d,emgli£;3e 12 114 116




( r Consiglio Nazionale
delle Ricerche

Istituto di Scienze ')
del’Atmosfera S i
e del Clima L

Spatial and temporal analysis of the local rain: mean EMO1 and SEAS5 climo

Inflation (mean-based): EMO1 / SEAS5 — annual mean

FANARO EMOL- 1d vs DEGRADED - day of max 2019 (ER-E: 42.1/33.6 /44.5 mm

1. We downgraded the 2000 2022 rain of EMOl
on the SEASS5 grid and computed the “rain

bIaS on each grldbox . . . 104 106 108 110 112 114 116

Inflation (MEAN-based) per gridpoint — window 31 days

2. EMO1 mean rain has a peculiar
= gpatial climatology, with larger

.. mean rain toward the SW corner

¢ (mountains), while SEASS rain is
*Z more homogeneous. Thus, the map
" of mean-rain bias (blu-red map) has

a spatial distribution, similar to the
EMO1 climatology.

0.5

0.2

= g0 (lat=45.105, lon=10.406) = g7 (lat=44.824, lon=10.969) == gl4 (lat=44.543, lon=11.531)

~—— g1 (lat=45.105, lon=10.688) g8 (lat=44.824, lon=11.250) == gl5 (lat=44.262, lon=10.406) ‘\-\'-v\ P

—— g2 (lat=45.105, lon=10.969) —— g9 (lat=44.824, lon=11.531} — = 916 (lat=44.262, lon=10.688) 1 i “\
22571 g3 (lat=45.105, lon=11.250) == g1l0 (lat=44.543, lon=10.406) == g17 (lat=44.262, lon=10.969) " + ~

—— g4 (lat=45.105, lon=11.531)  ~~ g11 (lat=44.543, lon=10.688) g18 (lat=44.262, lon=11.250) ] \\ ;’ usy

—— g5 (lat=44.824, 1on=10.406) —— gl2 (lat=44.543, lon=10.969) == g19 (lat=44.262, lon=11.531) ,’ 1 7 \
2,004 — 0B (lat=44.824,1on=10.688) —~— g13 (Iat=44.543, lon=11.250) \ S

=
3
o

Inflation rate (EMO1_DOYmean_smoothed / SEAS5_DOYmean_smoothed)
-
w
o

3. If we compute a day-of-year bias-
correction for mean rain it is different
both for the day-of-year as for each of
20 gridpoints, varying from 0.5 to 2.3.

Can we use this rain-bias correction
to correct the RD bias?

Of course, RD is not a linear function

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

of rain...
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Hypothesis: can we build a CNN to catch the non-linear relationship between rain and RD?

If so, a CNN estimating
the historical EFAS RD
based on EMO1+ERA5S
can be used to infer:

1) RD using the SEASS
inputs (original rain);

2) RD using the bias-
corrected SEASS rain.
Lastly we can estimate
how RD changes with or
without rain correction.
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Hypothesis: can we build a CNN to catch the non-linear relationship between rain and RD?

If so, a CNN estimating
the historical EFAS RD
based on EMO1+ERA5S
can be used to infer:

1) RD using the SEASS5
inputs (original rain);

2) RD using the bias-
corrected SEASS rain.
Lastly we can estimate
how RD changes with or
without rain correction.

We developed a dual-
domain + dual-task CNN
using only EMO1 daily
rain in the 2D local
domain and ERA5 Z500

+ MSLP in the synoptical

gure 1: Du

domain.

Rain (2 days)
Input: 2x 4 x5

Z500 + MSLP (2 days)
Input: 4 x 41 x 61

|

Conv2D + ReLU
Output: 16 x4 x 5

AdaptiveAvgPool2d
Output: 16 x 2 x 3

}

Conv2D + ReLU
Output: 16 x 41 x 61

MaxPool2D (2)
Output: 16 x 20 x 30

Conv2D + ReLU
Output: 64 x 2 x 3

AdaptiveAvgPool2d
Output: 64 x 2 x 3

Flatten
Output: 384

Conv2D + ReLU
Outpnt: 32 x 20 x 30

MaxPool2D (2)
Output: 32 x 10 x 15

ense

River Discharge

Fusion (Coneatenate)
4 + 4800 = 5184

Dense (128) + Sigmoid

Output: Prob. classes

RD>Thres (0/1)

CrossEntropyLoss
[0.01, 0.99]

Flatten
Output: 4800
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Hypothesis: can we build a CNN to catch the non-linear relationship between rain and RD?
If so, a CNN estimating e 3217 w5 Many hyper-parameters tested:
the historical EFAS RD O(l;].;,“ﬁuﬁmq l 1) RD preprocessing: Loglp vs. Quantile
based on EMO1+ERA5 1 - Transformation (QT)
can be used to infer: O 16525 o w0 2) regression 10ss: quantile loss with many values
1) RD using the SEAS5 i, s, 0f g_loss (from 0.5 to 0.95).

inputs (original rain); 3) classification loss: Weighted Cross-Entropy with
2) RD using the bias- o] \ejghts in the [0.05, 0.95] to [0.25, 0.75] range.
corrected SEASS rain. 4) RD threshold to define the RD binary events
Lastly we can estimate (tested 50, 100 and 150 m3/s).

how RD changes with or 5) Total loss = Regression + weight * Classification,
without rain correction. with weight in the 0.5, 1, 2 range.

6) input length: we tested from 1 to 7 days of inputs

Fusion (Coneatenate,
384 + 4800 = 5184

We developed a dual- (n_days).
domain + dual-task CNN ——
using only EMO1 daily [~ e The most important parameter was the

preprocessing function:

- QT: better performances but all severe RD
saturated at the historical max value (488 m?/s).

- Log1p: no saturation but a few “huge” RD values.

rain in the 2D local

domain and ERA5 Z500
+ MSLP in the synoptical
domain.

Figure 1: Dual-task architecture for surrogate world: local + synoptic CNNg
by t 1 wit!
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Inference on surrogates with model “88” (n_days=4, loglp): original vs. rain-correction

bomporto daily seasonal cycle: smoothed mean and perc. for hist. and surrogates

Scatterplot of historical EFAS vs CNN forecasts: 175 ] — nstercal 2154 mean
= —_— istorical = max
RD predicted vs. historical EFAS (8398 samples) On the rlght: — historical £15d 90%
150 1 — historical £15d median
Fit: RD obs = 1.03-RD for + -0.37 —— mean of 100 £15d mean
1750 R =0.79 Ip= 0.0e+00 | RMSE = 21.4 m3/s Above’ the 125 —= mean of 100 +15d max
b 3c. — — — 1 == mean of 100 +15d 90%
Class. 50.0m3/s: P$5=0.67, CS1=0.58, BIAS=0.86 /./ Seasonal CyCle = 00 slod i
Vs £ IQR (25-75%) surrogates
of RD < 100 ’
7/ g
1500 A : o
27 forecasted by £ 75
ra . a
i the CNN with 50-
1250 A -
g SEASS normal ’s |
—_ ’a . . .
g % rain (historical
— - -/ - T T T T T T T T T T T T
a 1000 4 Contlnuous, Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
% /-/ bomporto daily seasonal cycle: smoothed mean and perc. for hist. and surrogates
_*3 /_/- Su rrog ate —— historical 15d mean
o i t —— historical +15d max
3 750 7 daShed) —_ h;g;iE:ulsd ;1;%
2 200 4 —— historical £15d median I
/./ —-= mean o: igg ti:: mean ’f ‘\
4 - = mean ol + max I
J 4 —_ £100 +15d 90% /
300 /./ BE|OW, the g 1504 —— :Z:: ZF 100 +15d median ':'
N . é IQR (25-75%) surrogates
N same but using 3
_ 74 %
250 X the corrected £ 1004
o R a
ﬂ 2 SEASS rain
1 . 50
0 inputs. It peaks
0 250 500 750 w0 1250 1500 1750 | November.
EFAS RD [m?/s] 0 1
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RD results: historical, original and seasonal-dependent bias-corrected surrogates

CNN-inferred RD inflation rate seasonal-dependent

3.00 4 E B
== RD inflation rate
2.751
< 2504
a
5 2.251
L
&
E 2.00
= B . . . v
g7 100 Distribution of daily mean RD — panaro [2000-2023]
= i El T
-E| 150 b 1= 11 EFAS corr.-surrogates [1-EFAS surrogates [ historical EFAS
E 1.5 ] 3 11 = KDE EFAS corr.-surrogates - KDE EFAS surrogates = KDE historical EFAS
1 ™ 11 = = Median corr.-surrogates = 9.0 ===_Median surrogates = 7.2 === Median historical = 7.9
1.00 4 1071 4 > 11 =«=  90th corr.-surrogates = 142,6 === .99th surrogates = 96.4 ==+ 99th historical = 127.4
i #I IR
] e
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 1 -
1072 E

The seasonal-dependent RD correction
rate (derived from the two different annual
cycles of the RD max) in Bomporto is about
2.7 times in November.

1073 3

Density — log scale
=
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With this seasonal-dependent correction of it N
RD the distribution of the new surrogate '] \
overlap above 100 m3/s much better with Lo | \

the historical EFAS than the original

o T e e e e ————

o
—

surrogates. Note the good 99p estimate. 10- 4
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RD annual max statistic for the surrogate corrected with inflation based on rain-bias:
24 Annual MaXIma 00 _.];Oi::;:)Og:::uz::::::::::;tatistics (quantile) & historical maximum (inflated RD)
the historical annual 95" (infiated)

—&—| median 100 annual-maxima (inflated)

max (positive trend) is=e| __ RS0 | e
well covered by the

mean of the 100
surrogates maxima
(small positive trend).
The maximum of all 2
100 surrogate maxima
is always higher. +
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RD annual max statistic for the surrogate corrected with inflation based on rain-bias:
24 An n ual MaXI ma . 100 surrogate annual-maxima statistics (quantile) & historical maximum (inflated RD) Distribution of surrogate slopes (m_ymax) - INFLATED_RD (bomporto)
. . —8% max 100 annual-maxima (inflated) —— Mean surrogates: 0.87 —
the historical annual o\t e 1 o e 67
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well covered by the

mean of the 100
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The mean slope of the 100 surrogates (S) increased to 0.87 m3/sy,
which is still lower than the positive trends of the historical EFAS
but 6.6 m?3/sy is not an outlier. The ensemble spread of slopes is
SD=3.1, leading to S/N = 0.28. In this corrected-ensemble there is
some external forcing signal emerging from the internal variability.
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RD annual max statistic for the surrogate corrected with inflation based on rain-bias:
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100 surrogate maxima
iS a|wayS h|gher Ve bomporto daily seasonal cycle: smoothed mean and perc. for hist. and surrogate:
250 ' historical +15d mean
The mean slope of the 100 surrogates (S) increased to 0.87 m®/sy, | = ia fiinc,
which is still lower than the positive trends of the historical EFAS == menarioy sisaux /
but 6.6 m3¥/sy is not an outlier. The ensemble spread of Slopes is 150{ == es e e /
SD=3.1, leading to S/N = 0.28. In this corrected-ensemble there is £
. . . ’ . - S 100
some external forcing signal emerging from the internal variability. 2
50 1
Lastly, the seasonal-cycle is much better than before, with some
overestimation in Nov and some underestimation in May and June. °1
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For comparison: the initial version of RD annual max statistic for the original surrogates
100 surrogate annual-maxima statistics & historical maximum Distribution of 100 surrogate m slopes in bomporto
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1) The EFAS RD surrogate timeseries fail describing the RD Annual Maxima variability and trends of the
historical EFAS timeseries (outlier?).
While synoptic conditions leading to RD extremes (from ERAS) are well represented in SEASS, the
local rain has a dry bias with respect to EMOL1, particularly in Autumn and near the Appenines. The
resulting bias in the surrogates RD affects the ensemble ability to diagnose the relative roles of internal
and forced trends of RD annual maxima.
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1) The EFAS RD surrogate timeseries fail describing the RD Annual Maxima variability and trends of the
historical EFAS timeseries (outlier?).
While synoptic conditions leading to RD extremes (from ERAS) are well represented in SEASS5, the
local rain has a dry bias with respect to EMOL1, particularly in Autumn and near the Appenines. The
resulting bias in the surrogates RD affects the ensemble ability to diagnose the relative roles of internal
and forced trends of RD annual maxima.

2) However, a CNN trained on the historical data can successfully correct the seasonal-dependent RD
bias induced by the SEASS precipitation biases. A statistical correction of the 100 EFAS surrogate
timeseries (0.92 million of days) improved things (e.g. the distribution tail of extreme RDs), and the
new distribution of slopes includes the historical one, which now can be attributed to internal climate
variability, with ~13% of forced changes.
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Summary and outlook:

1) The EFAS RD surrogate timeseries fail describing the RD Annual Maxima variability and trends of the
historical EFAS timeseries (outlier?).
While synoptic conditions leading to RD extremes (from ERAS) are well represented in SEASS5, the
local rain has a dry bias with respect to EMOL1, particularly in Autumn and near the Appenines. The
resulting bias in the surrogates RD affects the ensemble ability to diagnose the relative roles of internal
and forced trends of RD annual maxima.

2) However, a CNN trained on the historical data can successfully correct the seasonal-dependent RD
bias induced by the SEASS precipitation biases. A statistical correction of the 100 EFAS surrogate
timeseries (0.92 million of days) improved things (e.g. the distribution tail of extreme RDs), and the
new distribution of slopes includes the historical one, which now can be attributed to internal climate
variability, with ~13% of forced changes.

3) Need for inflation implies that not all physical processes are correctly captured, warning caution on
guantitative assessments, particularly whether climate-change trends in Autumn precipitation are
underestimated. It would be useful to investigate whether similar results can be observed in other
catchments, especially small- to medium-sized watersheds located in areas with complex orography.
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Summary and outlook:

1) The EFAS RD surrogate timeseries fail describing the RD Annual Maxima variability and trends of the
historical EFAS timeseries (outlier?).
While synoptic conditions leading to RD extremes (from ERAS) are well represented in SEASS5, the
local rain has a dry bias with respect to EMOL1, particularly in Autumn and near the Appenines. The
resulting bias in the surrogates RD affects the ensemble ability to diagnose the relative roles of internal
and forced trends of RD annual maxima.

2) However, a CNN trained on the historical data can successfully correct the seasonal-dependent RD
bias induced by the SEASS precipitation biases. A statistical correction of the 100 EFAS surrogate
timeseries (0.92 million of days) improved things (e.g. the distribution tail of extreme RDs), and the
new distribution of slopes includes the historical one, which now can be attributed to internal climate
variability, with ~13% of forced changes.

3) Need for inflation implies that not all physical processes are correctly captured, warning caution on
guantitative assessments, particularly whether climate-change trends in Autumn precipitation are
underestimated. It would be useful to investigate whether similar results can be observed in other
catchments, especially small- to medium-sized watersheds located in areas with complex orography.
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Spatial and temporal analy5|s of the mean EMO1 and SEASS local rain: Casalecchio

PANARO EMOL-1d vs DEGRADED - day of max 2019 (ER-£: 42.1/33.6/44.5 mm Inflation (mean-based): EMO1 / SEASS — annual mean 18

EMO1-1d - day of dom:
2019-11-16
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1. We downgraded the 2000-2022 rain of
EMOL1 on the SEASS grid and computed the |
raln blaS on eaCh grldbOX . o o we oz 14 16 U8 120 12

Inflation (MEAN-based) per gridpoint — window 31 days

2. EMO1 mean rain has a peculiar
= gpatial climatology, with larger

%
90 91 g2 93 g4

o
&

.. mean max rain toward the SW
5 : . corner (mountains), while SEAS5
¢ rain is more homogeneous. Thus

o] L e the map of mean-rain bias (blu-red
map) has a spatial distribution,
similar to the EMOL1 climatology.
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both for the day of year as for each of
20 gridpoints, varying from 0.5 to 2.3.
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Can we use this rain-bias correction
to correct the RD bias?

Of course, RD is not a linear function
Jan | Feb I Mar I Apr | May I Jun | Jul I Aug I Sep | Oct I Nov I Dec Of rai n LR

Inflation rate (EMO1_DOYmean_smoothed / SEAS5_DOYmean_smoothed)
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RD results: historical, original and seasonal-dependent bias-corrected surrogates

CNN-inferred RD inflation rate seasonal-dependent

P
o

= RD inflation rate

w
n
s

w
o
!

I
)

g
o
!

=
0
s

=
o
,

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

The seasonal-dependent RD correction
(derived from the two different max RD

annual cycles) in Casalecchio (Reno) is
inflated of about 3.7 times in November.

With this seasonal-dependent correction of
RD the new surrogate distribution
above 40 m3/s overlap much better with the
historical EFAS than the original
surrogates. Note the better estimates of
both 50p and 99 percentiles.
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Distribution of daily mean RD — reno [2000-2023]
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RD annual max statistic for the surrogate corrected with inflation based on rain-bias:
24 Annual MaXima: 100 surrogate annUéI—méxima statistics (quantile) & historical maximum (inflated RD) Distribution Dfsurmgatelsmpes (miymax)_WFLATEDlRD (casalecchio)
the historical annual -\ £5d503100d>'mmm;f:fd)d) e O e
max (positive trend) iser| _gmees I
well covered by the z 0] o] P i
mean of the 100 5] i W |
surrogates maxima & | | |
(small positive trend). | ’ i Bk
The maximum of all _ | ] S — | | -
100 surrogate maxima B A

o S ;«Sv erp Slope of linear fit m_ymax
. . 5 p 5
IS a|WayS hlgher Vann casalecchio daily seasonal cycle: smoothed mean and perc. for hist. and surrogate
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The mean slope of the 100 surrogates (S) increased to 0.50 m3/sy, 1 - Pistorical 4139 median J
which is still lower than the positive trends of the historical EFAS

== mean of 100 £15d max
== mean of 100 £15d 90%

E 150 == mean of 100 =15d median
(3.8 m3/sy, no more an outlier!). The ensemble spread of slopesis & 10R (25:75%)surogates
SD=2.8, leading to S/N = 0.18. In this corrected-ensemble there is & o0
some external forcing signal emerging from the internal variability. ©
501

Lastly, the Casalecchio seasonal-cycle is much better than before, |
with a not so large underestimation in Jan and Feb. Tjan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec
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