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VUE PRISE DE LA TOUR DE L'HORLOGE DE LA GARE DE LYON - 29 JANVIER 1910
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Three Practical Questions
@ What is the discharge flowing in this river right now?
® Was the great flood of 1910 in Paris a 100-year event?

©® How much water will flow in French rivers during the summers of
the next 50 years, and how warm will it be?

Réchauffement marqué et Changements futurs
ion des ipitati 0 peu marqués

Fort réchauffement et fort
asséchement en été (et en annuel) | Changement (%)
4,
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® Present, past, future

® From one site to thousands of catchments
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Three Practical Questions

@ What is the discharge flowing in this river right now?
® Was the great flood of 1910 in Paris a 100-year event?

©® How much water will flow in French rivers during the summers of
the next 50 years, and how warm will it be?

Common Threads
® Water flowing in rivers
e Estimating unknown quantities affected by uncertainty

® Uncertainty quantification relies on probabilistic models

A\

Methodological Motto

—— Developing probabilistic models for the uncertain hydrologist

3/32
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® Uncertainty in Streamflow Data

@ Uncertainty in and around Hydrologic Models

© Hydrologic Variability
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Production of River Discharge Series

® River discharge: a key variable for hydrology... that can't be
measured continuously

Discharge series

Discharge [m®/s]

Time
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Uncertainty in Streamflow Data
0®000000

Production of River Discharge Series

® River discharge: a key variable for hydrology... that can't be
measured continuously

® But river stage can!
e Rating curve: Q = f(h)

Stage series Rating curve Discharge series

Stage [m]

Discharge [m®/s]
Discharge [m®/s]

. 'M*
Stage [m] Time

Time
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Uncertainty in Streamflow Data
0®000000

Production of River Discharge Series

® River discharge: a key variable for hydrology... that can't be
measured continuously

® But river stage can!
e Rating curve: Q = f(h)

Stage series Rating curve Discharge series

Stage [m]
Discharge [m®/s]
Ny
Discharge [m®/s]

Time Stage [m] Time

— How to formulate and estimate rating curves?

— How to quantify and propagate uncertainties?
6/32



Uncertainty in Streamflow Data
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Rating Curve Formulation

Just fit some flexible curve!
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Stage [m]
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Uncertainty in Streamflow Data
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Rating Curve Formulation

Just-fit-someflexible—eurvel Rectangular weir .
| E

@ Use hydraulics: Q = a(h— b)© g i B

0

Rectangular channel

b
— 0

with a, b, ¢ related to physical

quantities that can be ) —_—
measured (albeit uncertainly) — ' '

- o

® A ‘control matrix’ to combine multiple controls

*
"
lo

low stage

as(h — by)™

as(h —by)® + az(h — bs)™
7/32
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—— Bayesian Rating Curve estimation (BaRatin)

Prior distribution p(k, a, c) = p(0)

Posterior distribution p(8,~v|h, Q)
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Rating Curve Estimation

—— Bayesian Rating Curve estimation (BaRatin)
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Prior distribution p(k, a, c) = p(0) K |a o
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8/32



Uncertainty in Streamflow Data
000®0000

Rating Curve Estimation

—— Bayesian Rating Curve estimation (BaRatin)

Q [m3/s]

Prior distribution p(k, a, c) = p(0) K |a o

h[m]

h{m]

Q [m3/s]

Posterior distribution p(6, 7|I~1, (j) § i A
i A

Probabilistic model linking gaugings (77,-, @,) and RC §; = fre(hil0):
Q = ch(h,'le) +0; + ¢

Measurement error 0; ~ AN(0, u;); u; assumed known

Structural error £; ~ N(0,0;); 0 =7 ’}’2@,‘ to be estimated
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Uncertainty in Streamflow Data
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Uncertainty in Streamflow Data
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Uncertainty in Streamflow Data
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Operational Tool: BaRatinAGE

uments\lecoz\GitHubLab\BaRatin-tools.github.io\content\doc\BaRatinAGE\AI o X

N\ Fe Components Options Help BaRaGnAGE - AisneVerieresenbam - C.

B0 kL MR &

= componentxplorer )4 Hydrograph  Apri-May 2022 Discharge series of the Aisne River at Verrieres with some data gaps (8 oupiicate
G i cotiou (14 e i, igroon
Foomoh scmoswonyn | ez v
[ Gaugings Compute hydrograph

195 wo sy 22
A stucturs rrr mode B

also HEEE A=
%4 Rating curve .

% 3 contols wio iy

fiix, Limnigraph

B vz

1%t Hydrograph g"
£ Fem—
[Ag Apri-may 2022 g vigraph snd parametric uncertaily|
o

Time.

® A viable solution to estimate uncertain Q = f(h) rating curves...
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Operational Tool: BaRatinAGE

\\ File Components Options Help BaRatinAGE [u] X
DB X ¢ 5 & &R B
= Component Explorer [\t Hydrograph  Apit-May 2022 Disct ith some data gaps. (8 oupiicate
G Mt contgrt [0 B, immioapn
& 3 conrls s contos wio ly 2021 | | Apritay 2022 v
I‘;;qa.ausings ‘Compute hydrograph
B e
also ZEw B

%4 Rating curve

% 3 contols wio iy

fiix, Limnigraph 2
fin, Apri-may 2022 »

4 Hydrograph g
Dewwosn 5
[Ag Apri-may 2022 FE
o

® A viable solution to estimate uncertain Q = f(h) rating curves...
® ... which are the exception rather than the rule!
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Operational Tool: BaRatinAGE

\\ File Components Options Help BaRatinAGE [u] X
DB X ¢ 5 & &R B
= Component Explorer [\t Hydrograph  Apit-May 2022 Disct ith some data gaps. (8 oupiicate
G Mt contgrt [0 B, immioapn
& 3 conrls s contos wio ly 2021 | | Apritay 2022 v
I‘;;qa.ausings ‘Compute hydrograph
L b
also ZEw B

%4 Rating curve

% 3 contols wio iy

fiix, Limnigraph
fin, Apri-may 2022
[t Hydrograph

[Ag Apri-may 2022

Discharge [m3s]

® A viable solution to estimate uncertain Q = f(h) rating curves...
® ... which are the exception rather than the rule!

@ rating shifts

@ complex rating curves Q = f(h, others) 0/32
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Rating Shift Happens!

—— Detecting rating shifts (M. Darienzo, F. Mendez)
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00000800

Rating Shift Happens!

—— Detecting rating shifts (M. Darienzo, F. Mendez)

From the stage time series

Stage h [m]
Stage h [cm]

100 150

50
Time [days] Recession time [days]

10/32



Uncertainty in Streamflow Data
00000800

Rating Shift Happens!

—— Detecting rating shifts (M. Darienzo, F. Mendez)

—— Estimating shifting curves (V. Mansanarez)

500 -

8

T
(7]
2
E
o -
o
=)
I
N Transition stage between
< . —
o - Periods: the 2" and 3" segment
@ I 04/11/2011 to 03/11/2014 o b
a 07/09/2010 to 04/11/2011 N‘I’A';""’_ Y perio o 051
01/11/2008 to 07/09/2010 rating curve with 95%
17/11/2006 to 01/11/2008 total uncertainty intervals
01 I 07/11/2001 t0 17/11/2006 = — — [ransition stage between

the 1%t and 2" segment

3 4 5

2
Stage h [m]
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Rating Shift Happens!

—— Detecting rating shifts (M. Darienzo, F. Mendez)

—— Estimating shifting curves (V. Mansanarez)

500 -

8

T
(7]
2
E
o -
o
=)
I
N Transition stage between
< . —
o - Periods: the 2" and 3" segment
@ I 04/11/2011 to 03/11/2014 o b
a 07/09/2010 to 04/11/2011 N‘I’A';""’_ Y perio o 051
01/11/2008 to 07/09/2010 rating curve with 95%
17/11/2006 to 01/11/2008 total uncertainty intervals
01 I 07/11/2001 t0 17/11/2006 = — — [ransition stage between

the 1%t and 2" segment

3 4 5

2
Stage h [m]

Hydraulic assumptions on what changes = stable vs. varying RC parameters
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Complex Rating Curves Q = f(h,...)

—— Vegetation model (E. Perret)

Q@ = f(h, V) due to seasonal aquatic vegetation growth

- Blomasse
0.06

L004
002

] Moo
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Complex Rating Curves Q = f(h,...)

—— Vegetation model (E. Perret)

Q@ = f(h, V) due to seasonal aquatic vegetation growth
As V is not measured, Q = f(h, Xt)

(a) Vegetation cycle

do(T)
A
Blomasse
10-
O: »ooe 0 (A o> >t
o - 1 oos
002 5
o0
4
T3
© 2
1= )
0.75 1.00 1.25 1.50 1.75 2.00 0
h 1996 2001 2011 2016

2006
Time T (year)

11/32



Uncertainty in Streamflow Data
00000080

Complex Rating Curves Q = f(h,...)

—— Vegetation model (E. Perret)

Q@ = f(h, V) due to seasonal aquatic vegetation growth
As V is not measured, Q = f(h, Xt)
Possible to incorporate qualitative information on the vegetation state.

] (a)  Vegetation cycle (b) Angle 1)
&
o
do(®) S .
| e
Vegetation peak 7T () No vegetation
I
10- Blomasse " | ot egeﬁs,,c
; B 0.06 Ty tm te tr /’asc
(<] 004 %
1 o0 5! ]
o0

4
|

T 3
o |
° o, |
|
1= ! \
0.75 1.00 1.25 1.50 175 200 0 1

h 1996 2001 2011 2016

2006
Time T (year)
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From BaRatin to BaM

Replacing @ = f(h) by another model does not really change the
statistical framework used in BaRatin.

— Development of BaM (Bayesian Modeling)

‘Any’ model can be plugged in. Examples:
sediment transport, optical camera model, chemistry, 1D hydraulics,
hydrologic.

Modéle

Y =M (X;0)
2 " §
Configuration Variable d'état | Variable d'état ,
du modéle 21, Zan " U 2Ng 2y ZNa N

12/32
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Uncertainty in & around
hydrologic models
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Bayesian Total Error Analysis

Deterministic parameters

@ Parameters
[ observed data
a» Probability model
C) Deterministic model

() Simulated or
unobserved data

Hydrologic
Model

ét = M(r1%t|0)
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Bayesian Total Error Analysis

Deterministic parameters

Hydrologic
Model

Parameters

Response errors Observed data

Probability model

Response
Error Model

Observed
Responses

Deterministic model

Simulated or
unobserved data

10800/ ®

Q: = M(ri15¢|0) + 6 + e
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Bayesian Total Error Analysis

Input errors

Observed Input Error
Inputs Model

Deterministic parameters

Hydrologic
Model

Parameters

Response errors Observed data

Probability model

Response
Error Model

Observed
Responses

Deterministic model

Simulated or
unobserved data

10000/ ®

Q: = M(Fre X ¢y 4]0) + 0 + et
¢)k ~ EN(/'L7O-) 14/32
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Bayesian Total Error Analysis

Input errors

Observed Input Error
Inputs Model

Stochastic parameters Deterministic parameters

(structural errors) . | Hydrologic
Stochastic Model
Parameter Model 4
> Parameters
Response errors [ observed data
@ rrobability model
Observed Response D) inisti
Responses Error Model Deterministic model
) Simulated or

unobserved data

@t = M(F15t X Py 4|0, A1 1) + 0¢ + ¢
Ak ~ D(N)

14/32



Uncertainty in & around Hydro Models
00000

Recognizing Data Uncertainty

® Horton catchment (1920 km?),
Australia

¢ Calibrate M(0) using rainfall data
from either R1 or R2

® Compare inference schemes ignoring or
acknowledging streamflow and rainfall
data uncertainties (uQ and uR)
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Recognizing Data Uncertainty

R1, 2 years —.—

R2,2yearsq | ignore data —.—
uncertainties

log(6+)
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Recognizing Data Uncertainty

R1, 2 years —.—

R2,2yearsq | ignore data _._
R1, 5 years | uncertainties _ﬂ]_
R2, 5 years _ﬂl_

log(6+)
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Recognizing Data Uncertainty

R1, 2 years _._
R2,2yearsq | ignore data _._
R1, 5 years | uncertainties _ﬂ]_
R2, 5 years _ﬂl_
4 5 5
log(61)

® Ignoring data uncertainties = parameters fit to data errors
reliability of streamflow prediction? parameter regionalization?
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[e]e] le]ele]

Recognizing Data Uncertainty

R1, 2 years .

R2,2yearsq | ignore data _._

R1, 5 years | uncertainties _ﬂ]_

R2, 5 years _ﬂl_

R1, 2 years .

R2, 2years | acknowledge —
R1, 5 years uQ

R2, 5 years

4 5 6
log(6+)

® Ignoring data uncertainties = parameters fit to data errors
reliability of streamflow prediction? parameter regionalization?
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Recognizing Data Uncertainty

R1, 2 years —.—

R2,2yearsq | ignore data

R1, 5 years | uncertainties _ﬂ]_

R2, 5 years

R1, 2 years —.—

R2, 2 yearsq | acknowledge

R1, 5 years uQ —D]—

R2, 5 years

R2, 2 years1 | acknowledge

R1, 5 years uQ and uR

log(61)
® Ignoring data uncertainties = parameters fit to data errors
reliability of streamflow prediction? parameter regionalization?
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Recognizing Data Uncertainty

R1, 2 years .
R2, 2 years ignore data
R1, 5 years | uncertainties —{ |—
R2, 5 years
R1, 2 years .
R2, 2 yearsq | acknowledge
R1, 5 years uQ _D]_
R2, 5 years
Rt 2 yoars ———
R2, 2 years1 | acknowledge
A1, 5 years| | uQ and uR e
o, 5 yoars ————————
4 5 ¢
log(8+)
® Ignoring data uncertainties == parameters fit to data errors

reliability of streamflow prediction? parameter regionalization?

Acknowledging data uncertainties = parameters more stable

vaguely correct rather than precisely wrong! 15/ 32
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Structural Uncertainty through Stochastic Parameters

—— What do structural errors look like?
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Structural Uncertainty through Stochastic Parameters

—— What do structural errors look like?

10.04

N
o

5.0
2.54
0.0

0.04 - A'Y = s

Residual [mm]  Streamflow [mm
|
n
2

|
o
o

1999-07 2000-01 2000-07 2001-01 2001-07
Date
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Structural Uncertainty through Stochastic Parameters

—— What do structural errors look like?

Streamflow [mm]

Residual [mm]

10.04

o M o N
o v o w
P S S

o
S
1

!

N

3
L

|
a
o

E
E 49
- L] L[]
T el g
h=} od °
@ -4 °
¢ L .
0.0 25 5.0 75 100
Streamflow [mm]
. IL,V v 5 1.00
© 075
2 0.50
[=}
8 0:25 [T ————
;(5 0.004 e
1999-07 2000-01 2000-07 2001-01 2001-07 0 25 50 75
Date Lag [day]

High heteroscedasticity, complex dependence structure

Structural error model may be as complex as the model itself...
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Structural Uncertainty through Stochastic Parameters

* Allow 6; to vary in time according to : log (61 «) ';i\‘»i./\/'(p,cr)
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Structural Uncertainty through Stochastic Parameters

* Allow 6; to vary in time according to : log (61 «) ';i\‘»i./\/'(p,cr)

log(61)

Streamflow [mm]
g
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Structural Uncertainty through Stochastic Parameters

* Allow 6; to vary in time according to : log (61 «) ';i\‘»i./\/'(p,cr)

® Residuals are smaller and much simpler

A~ S

v/\/wj/\ﬁ/\/\—fw»—rv\—f\/\

400 425

log(61)

Residual [mm] Streamflow [mm]

450 475 500
Time [day]
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Structural Uncertainty through Stochastic Parameters

* Allow 6; to vary in time according to : log (61 «) ';i\‘»i./\/'(p,cr)

® Residuals are smaller and much simpler

A~ S

N eV

400 425

log(61)

Residual [mm] Streamflow [mm]

450 475 500
Time [day]

—— Stochastic parameters allows using simple statistical models for
structural uncertainty, at the cost of a demanding inference
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Structural Uncertainty through Stochastic Parameters

* Allow 6; to vary in time according to : log (61 «) ';i\‘»i./\/'(/l,cr)

Residuals are smaller and much simpler

In prediction, randomly sample log(61) values from N(fi, &)

8

log(61)

bhorn o B o & 4 & &
%
Streamflow [mm]
S

>

Residual [mm] Streamflow [mm]

400 425 450 475 500 100 110 120 130 140 150
Time [day] Time [day]

— Stochastic parameters allows using simple statistical models for
structural uncertainty, at the cost of a demanding inference
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Decomposing Predictive Uncertainty

Putting everything together... Q; = M(F1¢ X |0, A1) + &¢
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Decomposing Predictive Uncertainty

Putting everything together... Q; = M(F1e X |0, A1¢) + €4
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1.00
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0.001

Uncertainty contribution Streamflow [mm]

T T T T
225 250 275 300
Time [day]

Uncertainty source [JJ] ovar [l spar Rainfall [JJ] Resiual
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Decomposing Predictive Uncertainty

Putting everything together... Q; = M(F1e X |0, A1¢) + €4

204

154

104

1.00

0.754

0.504

0.254

0.001

Uncertainty contribution Streamflow [mm]

T T T T
225 250 275 300
Time [day]

Uncertainty source [JJ] ovar [l spar Rainfall [JJ] Resiual

® main sources of predictive uncertainty = ways to reduce it
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Decomposing Predictive Uncertainty

Putting everything together... Q; = M(F1e X |0, A1¢) + €4

204

154

104

Uncertainty contribution Streamflow [mm]

1.00
0.75+
0.50
0.25+
0.004 - - - -
225 250 275 300
Time [day]

Uncertainty source [JJ] ovar [l spar Rainfall [JJ] Resiual

® main sources of predictive uncertainty = ways to reduce it

® specific sources may be turned off or replaced
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Decomposing Predictive Uncertainty

Putting everything together... Q; = M(F1¢ X |0, A1) + &¢

— Requirements:

@ data uncertainties are known beforehand
If you don't know the quality of data, you won't know the quality of the model
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Putting everything together... Q; = M(F1¢ X |0, A1) + &¢

— Requirements:

@ data uncertainties are known beforehand
If you don't know the quality of data, you won't know the quality of the model

® data uncertainties are not too large
A minimal data precision may be necessary to estimate structural uncertainty
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Decomposing Predictive Uncertainty

Putting everything together... Q; = M(F1¢ X |0, A1) + &¢

— Requirements:

@ data uncertainties are known beforehand
If you don't know the quality of data, you won't know the quality of the model

® data uncertainties are not too large
A minimal data precision may be necessary to estimate structural uncertainty

Otherwise, the problem is ill-posed due to non-identifiable parameters
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Hydrologic Variability

crédit: HydroSHEDS
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https://www.hydrosheds.org/

Hydrologic Variability

O@000000

Estimating Distributions

Managing water resources and risks often requires estimating distributions:

® Dam design: T-year quantile from the
marginal distribution of streamflow

Streamflow
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Estimating Distributions

Managing water resources and risks often requires estimating distributions:

® Dam design: T-year quantile from the A
marginal distribution of streamflow o
® Does climate change compromise dam %
design? time-varying distribution E
I O
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Estimating Distributions

Managing water resources and risks often requires estimating distributions:

® Dam design: T-year quantile from the A
marginal distribution of streamflow s

® Does climate change compromise dam
design? time-varying distribution

® Adapt dam operation to climate state:

Streamflow
O
\ 4

conditional distribution of streamflow o @ 2
given some predictor. o P
e ——
e
= >
El Niflo Index
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Estimating Distributions

Managing water resources and risks often requires estimating distributions:

® Dam design: T-year quantile from the

marginal distribution of streamflow S‘/

® Does climate change compromise dam
design? time-varying distribution S

® Adapt dam operation to climate state:
conditional distribution of streamflow
given some predictor.

24,

Streamilow
0

® Large hydroelectricity companies ask this
at the national scale: space-and-time
varying distribution

Streamflow
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Estimating Distributions

Managing water resources and risks often requires estimating distributions:

® Dam design: T-year quantile from the
marginal distribution of streamflow

® Does climate change compromise dam
design? time-varying distribution

® Adapt dam operation to climate state:
conditional distribution of streamflow
given some predictor.

Solar Radiation

® Large hydroelectricity companies ask this
at the national scale: space-and-time Streamflow
varying distribution

® Renewable energy production depends on
the joint distribution of wind, solar
radiation and streamflow.
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Estimating a Marginal Distribution

A simple statistical problem, plagued with sampling .
uncertainty.
Ex: estimate GEV/(u,o,£) with 40 years of data.
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Estimating a Marginal Distribution

A simple statistical problem, plagued with sampling .
uncertainty.

Ex: estimate GEV/(u,o,£) with 40 years of data.

A possible solution: use ancient data such as historical
information, flood marks, old stage series, etc.

@ Hydraulics to translate this information in terms of streamflow.

® Adapted statistical methods (censoring, data uncertainties, etc.)
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Estimating a Marginal Distribution

A simple statistical problem, plagued with sampling .
uncertainty.

Ex: estimate GEV (u, 0, &) with 40 years of data.

A possible solution: use ancient data such as historical

X . i 1 5 50 500
information, flood marks, old stage series, etc. T

@ Hydraulics to translate this information in terms of streamflow.

® Adapted statistical methods (censoring, data uncertainties, etc.)
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Estimating a Time-Varying Distribution

— Time-varying models

Mo : Y(t) ~ GEV(u,0,8)
My Y(t) ~ GEV (u x (L+ Ax(1)),0,¢)
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Estimating a Time-Varying Distribution
— Time-varying models

Mo : Y(t) ~ GEV(u,0,8)
My Y(t) ~ GEV (u x (L+ Ax(1)),0,¢)
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Estimating a Time-Varying Distribution

— Time-varying models

Mo : Y(t) ~ GEV(u,0,8)
My Y(t) ~ GEV (u x (L+ Ax(1)),0,¢)
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A simple statistical problem, plagued with sampling uncertainty!
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Estimating Space-and-Time-Varying Distributions

—— Space-and-time-varying models (X. Sun PhD)
Mioc = Y (s, 1) ~ GEV (1u(s) x (14 A(s)x(1)) ,0(s),£(s))
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Estimating Space-and-Time-Varying Distributions

—— Space-and-time-varying models (X. Sun PhD)
Mige : Y(5,£) ~ GEV (1(5) x (14 A(5)x(0)), o(), £(5))
Miyeg : Y(s,1) ~ GEV (u(s) x (1+ X x(1)),0(s), £ )
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Estimating Space-and-Time-Varying Distributions

—— Space-and-time-varying models (X. Sun PhD)
Mioc = Y (s, 1) ~ GEV (1u(s) x (14 A(s)x(1)) ,0(s),£(s))
Mieg 1 Y(5,1) ~ GEV (u(s) x (1+ A x(1)),0(s), £ )
o All sites contribute to the estimation of regional parameters

® Less stringent hypothesis possible (hierarchical models)

® Need to describe spatial dependence (elliptical copulas)
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Estimating Space-and-Time-Varying Distributions

—— Space-and-time-varying models (X. Sun PhD)

Mioc 2 Y (s, 1) ~ GEV (u(s) x (14 A(s)x(1)),0(s),£(s))

Mieg : Y(s,1) ~ GEV (uu(s) x (1 + X x(1)),0(s), & )
e All sites contribute to the estimation of regional parameters
® Less stringent hypothesis possible (hierarchical models)

® Need to describe spatial dependence (elliptical copulas)

(b) DJF, 0.99-quantile, Strong La Nifia (SOI=20) vs. Neutral phase(SOI=0)
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Hidden Climate Indices Models

—— Standard vs. Hidden Climate Index model
Mistand. : Y(5,1) ~ D (0(s) x (1 + Ax(1)))
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Hidden Climate Indices Models

—— Standard vs. Hidden Climate Index model
Mtand.  Y(s,1) ~D(0(s) x (L + Ax(1)))
Mupidden : Y(s,1) ~D(0(s) x (1 + A7(1)))
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Hidden Climate Indices Models
—— Standard vs. Hidden Climate Index model
Mstang. = Y (s, 1) ~ D (0(s) x (14 Ax(1)))
Muidden = Y (s, 1) ~ D (0(s) x (1+ A7(1)))
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Hidden Climate Indices Models

—— Standard vs. Hidden Climate Index model
Mstand. = Y(s,1) ~D(0(s) x (L+ Ax(1)))
M idden Y(Sv t) ~ (9(5) X (1 + )‘T(t)))
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—— Generalization to non-homogeneous regions

Mo Y(s, 1) ~D(0(s) x (1+A7(1)))

25/32



Hydrologic Variability
00000080

Hidden Climate Indices Models
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Hidden Climate Indices Models

—— Generalization to non-homogeneous regions

Mo : Y(s,t) ~D(0(s) x (14 A7(1)))

M Y(s,t) ~D(0(s) x (L+Ni(s)r1(t) + ...+ c(s)7x(1)))

—— Multi-variate extension + large-scale scalability
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— A global-scale analysis of floods and heavy precipitation
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Hidden Climate Indices Models

— A global-scale analysis of floods and heavy precipitation
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Hidden Climate Indices Models

— A global-scale analysis of floods and heavy precipitation

Mean sea-level pressure Zonal wind (850hPa) v
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Hidden Climate Indices Models

— A global-scale analysis of floods and heavy precipitation

— estimated from P/Q — reconstructed from 20CR (1 member) SON 1840
2
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Summary

® Development of probabilistic models enabling the production of
uncertain hydrologic predictions

e Key contributions:

@ Uncertainties affecting streamflow time series
@® Uncertainties affecting hydrologic models
© Modeling hydrologic variability in space, time and between variables
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Perspectives

—— Uncertainties in Hydrologic Data and Models

® Treatment of structural errors

® Further assess the interest of stochastic parameters
® Evaluate non-zero-mean residual models (conditional biases)

® Distributed models

® Hydrologic (SMASH) or Hydraulics
® Define spatialized error models

© Beyond streamflow series

® What other data types are valuable to constrain model calibration?
® Sporadic gaugings, flood videos, flood marks, satellite (SWOT), etc.
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Perspectives

—— Hydrologic Variability

® Methodological questions

® Using Hidden Climate Indices to derive spatial extremes models?
® Clarify the link between HCI models and Machine Learning
approaches such as probabilistic PCA

® Applications

® Global droughts (low flows and precipitation deficit)
® Relation with the wildfire hazard: a testbed for multi-risk assessment?
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® Probabilistic modeling is central

® Data are invaluable, and models should adapt to data

e Coding is an important component

® QOperational transfer as both an output and an input of research work
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And most importantly... Thank You!
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Complex Rating Curves Q = f(h,...)

—— Stage-Fall-Discharge model (V. Mansanarez)

Q@ = f(h1, h2) due to variable backwater (dam, tide)
Used operationally for dam-influenced stations
Work still in progress for tide-influenced stations
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Estimating a Time-Varying Distribution

—— Trend detection studies

Drought duration, 1968-2008
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True Input(s) - True processes - True response(s)
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Error Sources in Hydrologic Modeling

Reality /.

True Input(s) - True processes - True response(s)

= = =
= = =
Input errors Structural errors Response errors
e.g. rainfall measurement + sampling errors due to the imperfect nature of the model e.g. rating curve errors

4 4 4

Conceptualized
Observed Input(s) - 2 - Observed response(s)
processes

Model =

+ Parametric uncertainty
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Systematic Rating Curve Errors
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Rainfall Uncertainty
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Non-identifiability

Model: y = 616>x

10.01 unnormalized pdf
751 3e-11
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Identifying #; and 6> based on this information is an ill-posed problem.
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Non-identifiability
Model: y = 616>x

10.01 . O unnormalized pdf
751 . 3e-11
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> PP 2e-11
2.54 [)
I le-11
001 o
[ v T T T T T T T T T — 0e+00
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iteration iteration

Identifying #; and 6> based on this information is an ill-posed problem.
Non-identifiability and ill-posedness are frequently encountered in the
calibration of hydrologic models 30/32
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Non-identifiability

Solution 1: ‘under-parameterize’, y = yx with v = 016>

10.01 . O unnormalized pdf
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Non-identifiability

Solution 2: use prior, 61 ~ N(1,0.12)

10.01 . 0 unnormalized pdf
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Non-identifiability

Solution 2: use prior, 61 ~ N(1,0.12)

10.01 . 0 unnormalized pdf
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Solution 3: use other data (not more of the same!)
y = 616>x and ' = exp(61x’)

unnormalized pdf
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HCI framework
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Hidden Climate Indices Models

—— Generalization to non-homogeneous regions
Mo Y(s,t) ~D(0(s) x (L+ A7(1)))
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—— Generalization to non-homogeneous regions
Mo Y(s,t) ~D(0(s) x (L+ A7(1)))
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Hidden Climate Indices Models

—— Generalization to non-homogeneous regions
Y(s,t) ~D(0(s) x (L+ A7(t)))
M:Y(s,t) ~D(0(s) x (1 + Ai(s)m(t) + ...+ Ak(s)7x(1)))
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Hot-and-Dry Australian Summers

(a) Time-varying distributions (C) Joint bivariate distribution
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Flood Marks Case Study

(a) 10452 annual maxima at 207 stations

(b) 1604 flood marks at 327 sites
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Floods and Heavy Precipitation at the Global Scale

Available series length at 1884 sites

Available series length at 1722 sites
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P (s,t) ~ Beta(up (s, t),vp(s,t)); Q(s,t) ~ Beta(uq (s, t),vq(s,t))
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