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Who was Henry Darcy?
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Searching Darcy in Dijon




Finding a different Darcy

Son projet est de construire une conduite d’eau souter-

raine de 12 km de long, depurs Ia suurce du Rosuir dans
le Val Suzon ,|usqu :| Dl]tm : J

En 1847, I'eau courante arrive a tous les étages des
immeubles de Dijon, faisant de celle-ci la deuxiéme ville
@’Europe la mieux desservie aprés Rome.

En 18
-Lyon via Dijon. On ru| dth la
Blaisy-Bas, a proximité de Dijon. Il es
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Desperately Seeking Darcy in Dijon

I. R. Philip*

ABSTRACT the great m:
Henry Darcy (born 1803, died 1858) is known to soll physicists a5 [ discovere
the founding faiber of the science of Maid Bew in soils, This Musiratd Faintest ide:
acooaml of & short visit to Dijon, kis notive town, reveals litde-Known cerned, Da
aspects of Darcy's character, life, and work. The centrad sguare and cadilly in I
town gardens are namsed after Darcy, as are oumersas commercial As many
and pulilic umderiakings: & cinema, bus stop, & garage, o mulistory kept on at |J
car park, a pharmacy, and & shogping srcade, Inquiry reveaked {hat if Dijon di

Henry Marcy himsell has been forgotlen by 1he citizens of [¥jon, and Ad kne
sl s name persisls only 35 & abbqulious geographical label. It wos w-n \ _“
nid always ibus, Darcy, with grest viskm amd skill, designed and buillt carried his
man was hi

@ pure wader supply system for Dijon, in plack of previows squelor
and fllik Nillna hosssma o mmadel fre fha racd oF Facrans Thesse solleccle

dacaded B

Henry Darcy (1803-1858): Immortalised k

Craig 1. Simmons

Keywords Profiles - History of hydrogeology -
Henry Darcy - Darcy’s Law - France - Dijon

Introduction

Darcy’s Law is the fundamental equation describing the
flow of flud through porous media including ground-

Law, he was
the falling h
He also apy
spring discl
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Finding Darcy at Dijon

Willi H. Haner! and Corradn Giznnnié Al that moment, we were not sure whether Darcy and Bazin

WATER RESOURCES RESEARCH, VOL. 38, NO. 7, 1106, 10.102%2001WROD0727, 2002

Henry Darcy and the making of a law

G. O. Brown
Department of Biosystems and Apricultnral Engineering, Oklahoma State University, Stillwater, Oklzhoma, USA

Received 19 June 2001 ; revised 28 November 2001; accepted 13 February 2002; published 17 July 2002,

[1] Henry Darcy was a distinguished engineer, scientist, and citizen who is remembered
for his many contributions in hydraulics, including Darcy’s law for flow in porous
media. While he has been given full credit for the finding, little insight has been
available on the process of his discovery. It is shown that his discovery was the logical
result of a lifetime of education, professional practice, and research. Darcy understood
both its significance and its relationship to the broader fields of hydraulics and
groundwater hydrology. Besides the discovery of Darcy’s law, he was the first to show
that significant flow resistance occurs within aquifers, the first to recognize the law’s
similarity to Poiseuille flow, and the first to combine the law with continuity to obtain a
solution for unsteady flow.  InDEY TERMS: 1719 History of Geophysics: Hydrology; 1829
Hydrology: Groundwater hydrology; 5114 Physical Properties of Rocks: Permeability and porosity;
KEYWORDS: Darcy's law, Corps of Ponts et Chaussées, Dijon, France

1. Introduction detailed obituaries based on firsthand accow

[2] In 1856, Henry Philibert Gaspard Darcy (1803
1858), in a report on the construction of the Dijon, France,
municipal water system, published a relationship for the
flow rate of water in sand filters [Darcy, 1856]. In terms
only slightly different from his own, Darcy’s law was given
as

Aﬁ{h1 +21) —(h2 + =)

Q= i

(1)

excellent documents, but each suffers fror
historical perspective. Tarbé de St-Hardouin
Fancher [1956] based their short biograph
saines’ account, while in turn most recent
are based on them. Hubbert [1969] revier
experiment, while Rao [1968] summanzed C
contributions to hydraulics. R. Freeze in -
Freeze and Back [1983] performed a parti

of Darcy [1856] as part of an excellent collec
groundwater papers. An interesting nontechn © /



Henry Darcy, 1803-1958

"A city that cares for the interest of the poor
should not limit their water.” (Darcy, 1856)
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From Darcy to today’s lecture

€ Public fountains @ Public observations

& Value of his efforts & Value of data

€ 23+12 sand column experiments / € 100s of catchments / several
one parameter parameters

0 % Budget

oo Ccrowd

MW\ water
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From sand columns to catchments

Appareil destiné a| détermmer la loi a

de 1'écoulement de a travers le sable.

Maunométre

& mercure .

Snow routine

(TT. CFMAX, 5CF,

CWH. CFR)

Soil routine

(FC.LP, BETA)

(drawing by Petra Seibert)

Purts de Grenelle (a paris) Débit par seconde n litres.

T 3 2
A Groundwater
i j ~ 3 .
S— sl S by routine L
a mercure. . Al b"‘i ! i | ; ! . .
¥z R vkl ls I? . ~n|§.1|§ (KO, K1, K2, UZL, PERC) Rouhng
& g8 - I ENE BT S routine
(MAXBAS)
Lictwlle do 07025 p it
Puits de Villaines: (cote dor) Débit par minute. «_:‘

Q= -A K dh/dx ERg HBV model

= Developed by Sten Bergstrom ~1970
Darcy (1856) s Typical ‘bucket-type’ model
s 12-15 parameters




Hydrological modelling continues to change

Picture of Sten Bergstrom, From Seibert and Bergstrom, Newman et al., 2015;
taken in Stockholm ~1975 2022, HESS Addor et al., 2017



Short note: From NSE to KGE to NPE
(non-parametric efficiency)

Runoff

Simulated Q Nash-Sutcliffe Efficiency (NSE)

Observed Q

Z (O, (1) = O (1))

Mean(Qops) R,
Z(Q()bs ()= Opp,)’

_ Nash & Sutcliffe (1970)
Time



Mean

Variation

Timing

Short note: From NSE to KGE to NPE
(non-parametric efficiency)

KGE NPE

Mean Mean

Standard Flow duration

deviation curve
(normalized)

Pearson Spearman rank

correlation correlation

Gupta et al.,, 2009,
JoH; Gupta and
Kling, 2011, WRR

Pool et al,, 2018,
HSJ




Public observations in CrowdWater: Water level classes

Seibert et al., 2019, Frontiers

crowd =S
water I
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Temporary streams

1

T T T T T T T

1/10/20 1/11/20 1/12/20 1/1/21 1/2/21 1/3/21 1/4/21 1/5/21

Data: https://www.spotteron.com/crowdwater/spots/280547



Temporary streams: ’Public’ vs. ’Expert’

CrowdWater Expert
47.400 -
47.395 -
47.390 -
Persistence
to flow [-]
1.00
47.385 - 0.75
0.50
0.25
8.55 8.56 8.57 8.58 0.00 8.56 8.57 8.58

Scheller et al., in review 5



More info on CrowdWater

CrowdWater App Social media

l@' @crowd_water

ﬁ @crowdwater

u CrowdWater Channel

TS "% crowdwater.bsky.social
# Download on the GET ITON e
& AppStore p- Google Play
° oo crowd

www.crowdwater.ch MW\ water



Value of data — what to measure when and where?

What and how?

© University of Zurich, Information Technology, MELS/SIVIC, Mathias Bader.

valuable data

Seibert et al., 2024, HP

407






Value of citizen science observations

HBV model
Six catchments in Switzerland

Calibration on synthetic citizen
science data
Different temporal resolution of
data

Different (random) error
magnitudes

Validate on observed streamflow
for a different year

0 15 30 60 920 120
1 Kil

[ - I lomet

Etter et al,, 2018, 2020 1



Value level data as collected by citizens /

Test with different frequencies and errors for six Swiss catchments |

1.007

0.751

Model fit relative to calibration with
discharge data
o
(W]
o

More data is better
but some data is
already good! ©

0.00

Hourly
discharge
data

Etter et al. 2020, WRR

Daily water | Weekly Monthly _No

level class water level  water level discharge
data class data class data data



Value of water level class data by citizens in more detail
I T T R B B B B EmErt

1.251

Poa relative to hourly streamflow
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Calibration of a model with ‘real’ water level class data

Reference image 22.02.20 23.02.20 24.02.20 25.02.20 27.02.20 28.02.20
17.08.18
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Clerc-Schwarzenbach et al., 2025 (HSJ, in press)



Calibration of a model with ‘real’ water level class data

Value of water %1
level class data 8 . .
and additional S . ) . . .
information . g '
related to flow '8 5 °
magnitudes? R E° :
i é_ ° ’ ® Salzach
® Konigsseeache
§ _ Kempt
No info Water +1annual +12annual + meanQ Full Q
level Q measure- Q measure-  estimate series
classes ment ments

Clerc-Schwarzenbach et al., 2025 (HSJ, in press)
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IMAGE EDITOR

Value of water level data?




Model performance (R ¢ for flow)

Calibration period
| _JMENN BN NN Ny NN Ny Ny NN O ini

Calibrated using flow Calibrated using levels

Seibert & Vis, 2016, HP 57



Performance difference versus aridity

(precipitation / potential evaporation)
| MENN IENN lEN Ny iy NN Ny n i Nl

Calibration period Validation period
1 —.;O—O.. 1 —o—qo—..
08l ® e ° 0.8} :',
.o .' o LIPS %
0.6 ° 06] Mg
o b

Difference R  (calibration flow - level)
Difference R  (calibration flow - level)

04r 04r
0.2f 0.2f .,
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0 0 °
o
0.2} -0.2¢ ®
[ ) [ )
-0. ' -0.4 ' '
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Seibert & Vis, 2016, HP Red line: running median, window 21 catchments 28



CAMELS and Caravan

Caravan, see Kratzert et al., 2023 = - o e
Frederik Kratzert,2025-Arme-Richte rd for Qutstafiding Early Career Scientists, Thursday, 14:05-1%:35




ERA5-Land E ot
values in Caravan
too high

(alternative E,-values
added in new Caravan
version)

CAMELS

Caravan

E . in CAMELS and Caravan

\Rwﬁ -

Clerc-Schwarzenbach et al., 2024, HESS

E pot [mm a'1]

= 2653

— 2500
— 2250

. — 2000

1750
1500
1250
1000
730
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All data from Caravan

Model performance comparison

Caravan better

CAMELS better

Caravan-CAMELS

0.25

-0.25

<-0.5

Only precipitation from Caravan

Clerc-Schwarzenbach et al., 2024, HESS



Upper and lower benchmarks

We got a model Parameter

efficiency of 0.7. This values
means that our
model must be good

Simulated
runoff

[
Groundwater E=
routine L

Seibert et al., 2018, HP HBV model (drawing by Petra Seibert) v



Upper benchmark

SHETRAN and benchmarks

NSE

SHETRAN Lower benchmark (random)

Seibert et al., 2018, HP



Computing lower benchmarks

X random parameter sets .c:?

Snow routine 4

X time series of simulated runoff e

« Aggregate the X series to 1 ensemble
mean time Series Groundwater ‘"

routine L

- What is a suitable number for X? HBV model (drawing by Petra Seibert)

Seibert, Vis, Pool, in progress
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Seibert, Vis, Pool, in progress
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Looking at water is fun ...
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... especially together!

Research group H2K (Hydrology and Dream team of senior scientis;’;s;: |

Iim ZH Ilja van Meerveld, Daniel Viviroli,
€ ate) =t Maria Staudinger Marc Vis




Inspiring supervisors, colleagues and friends

from my early water days in Sweden and Oregon
EE B D B B R D EErrn

Allan Rodhe

Kevin Bishop

e

Lars Nyberg Lars-Christer Lundin (1) Jeff McDonnell



Revisting a field site from my PhD work
Several generations of supervisors & students

Ostfora, Sweden, June 2024




Wonderful PhD students, part 1




Recently finished

Finishing 2026+ Soon finishing

Wonderful PhD students, part 2

g o 7



More (former) group members (Postdocs, associated PhD students, ...)
____-----II

Whoever
I
forgot




= Outstandmg Studeﬂt and P11
Presentation (OSPPYAwards 2024

Franziska Clerc- Mirjam Scheller
Schwarzenbach
3
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Early water studies




My water family

Time

van Meerveld and Seibert, 2024, Wires Water

Reforestation effects on low flows:
Review of public perceptions and
scientific evidence

by llja van Meerveld, Jan Seibert

https://wires.onlinelibrary.wiley.com/doi/full/10.1002/wat2.1760 46



... on frozen water




-Thanks to ...
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