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Objective: Compare performance of the different algorithms/product and validate river discharge time series

Validate River Discharge (Lead Hydro Matters) Consistency analysis and round robin (Lead CLS)
Validation: Format: CCI data Standard
With Cal/Val in-situ data over validation period Time/space resolution: Completeness and spatial
With independent in-situ data coverage
Errors i first prior to an end-to-end error budget: Errors (in situ comparison): Discharge products are
WSE errors between altimetry and in-situ data compared to in situ data (RMSE, Pearson, Bias, Nash,
Quantile approach i time lag between Q and KGE)
WSE & daily vs monthly
Rating curve algorithm
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With Cal/Val in-situ data

Available in-situ discharge data for each station used to setup satellite-
based RD methodology.

« 9 databases

« 53 stations with in-situ data

® so-hybam @ schapi ® UsSGS @ RivDIS ® mgb @ AP0 ® HYDAT @ ArcticGRO @ grdc

PO - BORGOFORTE 4
OB - SALEKHARD

NIGER LOKOJA L
NIGER - KOULIKORO

NIGER - 18] J-
NIGER - ANSONGO

MISSISSIPP| - VICKSBURG {7 e
MISSISSIPPI - NEAR-BROOKINGS
MARONI - TAPA - ‘ I I I —

MARONI - LANGA-TABIKI 4 =
MARONI| - DEGRAD-ROCHE —— —
MACKENZIE - NORMAN-WELLS 4
MACKEMNZIE - ARCTIC-RED - -
LIMPOPO - SICACATE T e
LIMPOPO - BEITBRUG 4 —
LENA - KYUSUR A

IRRAWADDY - PYAY {
IRRAWADDY - HKAMTI 4

INDUS - TARBELA 4

INDUS - KOTRI

INDUS - GUDDU A

INDUS - CHASHMA,

GARONME - TONNEINS 4

GARONNE - MARMANDE -

GARONNE - LAMAGISTEREY

GARONNE - LA-REOLE

Stations

GANGES-BRAHMAPLTRA - TANGCUN -
GANGES-BRAHMAPUTRA - HARDINGE-BRIDGE -
GANGES-BRAHMAPUTRA - BAHADURABAD -
DANUBE - MOHACS 4~
DANUBE - LUNGOCI
DAMUBE - CEATAL 4
DANUBE - BOGOJEVO
CONGO - KINSHASA -
CONGO - CHEMBE-FERRY {
CONGO - BANGUI 4
COLVILLE - UMIAT
CHAD - MAILAO 4 | —
CHAD LAY e
CHAD - AM-TIMAN —
AMAZON - SAQ-FELIPE -
AMAZON-OBIDOS e e e —
AMAZON - MANACAPURU

1920-01-01 1940-01-01 1860-01-01

Dates

1980-01-01 2000-01-01 2020-01-01

With Independent in-situ data

Avalilable in-situ discharge data for each station not used to setup
satellite-based RD methodology.

i

i

6 databases

16 stations with in-situ data

NIGER - NIAMEY

NIGER - MALANVILLE

NIGER - LOKOJA

NIGER - KOULIKORO

NIGER - IBI

NIGER - ANSONGO

MACKENZIE - ARCTIC-RED

0 GANGES-BRAHMAPUTRA - HARDINGE-BRIDGE
°

g GANGES-BRAHMAPUTRA - HARDINGE-BRIDGE

GANGES-BRAHMAPUTRA - BAHADURABAD

GANGES-BRAHMAPUTRA - BAHADURABAD

CHAD - NDJAMENA

CHAD - MAILAO

CHAD - LAI

AMAZON - OBIDOS

AMAZON - MANACAPURU

@® ABN ® ArcticGRO ® BWDB-Q @ BWDB-RC @ ORSTOM @ So-hybam

Data Availability Timeline

1930-01-01 1940-01-01 1950-01-01 1960-01-01 1970-01-01 1980-01-01 1990-01-01 2000-01-01 2010-01-01 2020-01-01

Dates

i
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Stations

With Cal/Val in-situ data

Identify overlap period between merge WSE from altimeters and in-

situ discharge = closest date with time gap < 24H
Divided this common period into Cal/Val periods
First 1/3 part = Validation period (Red)

Last 2/3 parts = Calibration period (Blue)

® Calipration ® \alloation

Common dates belween WSE & Q data

Validation period

With Independent in-situ data

Identify overlap period between satellite-based RD products
independent in-situ discharge = closest date with time gap < 24H

Over all available stations per products

All period (cal/val)

Over common stations between products

20 - BORGOFCRTE
OB - SALEKHARD

. NIGER - NIAMEY

NIGER - LOKD|A T — — — —————
NIGER - KDULIKORO = —
MIGER - 1B1
MIGER - ANSONGO D— — -
MISSISSIPPR - VICKSBURG 1 T I e s e e |
MISSISSIPPI - VALLEY.CITY — ——
IS S| - AR RO NG S e e R e —————— ————
MARCN| - TAPA
MARDON| - LANGA-TABIKI —

| - PEGRAD-ROCHE

MARCN
MACKEMZIE - NORMAN-WELLS

MACKENZIE - ARCTIC-RED 1
LIMPOPO - SICACATE

LIMPOFQ TINALE ——— — — —

LIMP{)PO BEITBRLIG
LE

MA& - KYUSUR
THREAWALIDY - SAGAING

IRRAWADDY - PraY 1

IRAAWADIDY - HEAMTI

INDUS - TARBELA
INDUS - KOTRI
IMDUS - GUDDU

INGIUS, + CHASHMA, 4 e e

GARONNE - TOMNEINS

GARCNNE - MARMANDE e e ——

GARCNNE - LAMAGISTERE | | - -
GARONME - LA-REDLE

GANGES-BRAHMARUTRA - TANGCUN

GﬁNGIﬂSBFAHMhPUTM WsRchicesRDEER——FH— M—4—mm ™ @ @ @ |m} 4 — — — 4 ————————————

CANGES-BRAHMAPUTRA - BAHADLURABAD

CANUBE - MOHACS
DANUBE - LUNGOC!

DANUBE - CEATAL " pe————
DANLBE - BOGO|FWVO 1 T & —

CONGO - KINSHASA
CONGO - CHEMBE-FERRY ——

CONGO - BANGUI

COLILLE - UMIAT

CHAD - MAILAD

1996-01-01 2000-01-01 2004-01-01 2008-01-01 2012-01-01
Dates

2016-01-01 2020-0L-01

1
1l
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[
|
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With Cal/Val in-situ data

RD-multi RD-alti

All period (cal/val)

1.0

% = % |1
00 - L

= =

)

Over all period (at
least 20 years) we
observed a very

uncal - CDF cal - BestFIT cal — (Iiopuln RD - alti uncal - CDF cal - BestFIT cal - 6opula

med = 0.37 med =058 med=053 med=0.091 med =-0.33 med =0.48 med=0.44 med=0.87 g OOd effl Clen Cy

nb =21 nb =21 nb =21 nb =21
PBIAS

NRMSE

RD - alti

over calibrated

0] —L 30 1 T
) —— T —

—40 L 10 L

= =

=

methods with KGE
> 0.5 and NRMSE
<11%

uncal — CDF cal - BestFIT cal - Copula  RD — alti uncal - CDF cal — BestFIT cal - Copula
med =-1.24 med =-0.57 med =-4.55 med=0.49 med = 14.82 med = 10.15 med = 10.64 Mmed = 6.43

RD - alti

With Independent in-situ data

I
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RD-multi

With Cal/Val in-situ data

RD-alti

1.0

0.5

0.0

All period (cal/val)

= §

[ =3 =

1

Over all period (at
least 20 years) we
observed a very

1.0 1

0.5

0.0

good efficiency
over calibrated

methods with KGE
> 0.5 and NRMSE
<11%

uncal - CDF cal - BestFIT cal — (I:opula RD - alti uncal - CDF cal — BestFIT cal — éopula RD — alti
med =0.37 med =058 med=053 med=0.91 med =-0.33 med =0.48 med =044 med=0.87
nb =21 nb =21 nb =21 nb =21
PBIAS NRMSE
T 304 T
- T =
—— ? 204
1 L % = &
uncal — CDF cal - BestFIT cal - Copula  RD — alti uncal - CDF cal — BestFIT cal - Copula  RD —alti

med =-1.24 med =-0.57 med =-4.55 med=0.49

med = 14.82 med = 10.15 med = 10.64 med = 6.43

Validation period

% S

uncal — CDF cal — BestFIT cal éopula RD - alti uncal — CDF cal — BestFIT cal — éopula RD - alti
med =0.21 med =047 med=0.46 Mmed=0.71 med =-1.08 med =0.35 med =038 med=0.68
nb =20 nb =20 nb = 20 nb =20
PBIAS NRMSE
60
&= B

= = =

uncal - CDF cal — BestFIT cal - Copula RD - alti uncal — CDF cal — BestFIT cal — Copula  RD - alti

med =-10.40 med =-5.82 med =-4.33 med = 0.86

med = 26.23 med = 13.73 med = 13.39 med = 11.61

Validation period
largely affected by
old/less accurate
missions (MODIS,
LandSAT, T/P,
Envisat, ERS2)
BUT still good
efficiency : median
NRSME < 15%

With Independent in-situ data
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With Cal/Val in-situ data

All period (cal/val)

RD-multi RD-alti
1 KGE L NSE @
05 % %l %II @ 01 T %l %I
0.0 -1 L

Over all period (at
least 20 years) we
observed a very

1.0 1

0.5

0.0

good efficiency
over calibrated

methods with KGE
> 0.5 and NRMSE
<11%

uncal - CDF cal - BestFIT cal — (I:opula RD - alti uncal - CDF cal — BestFIT cal — éopula RD — alti
med =0.37 med =058 med=053 med=0.91 med =-0.33 med =0.48 med =044 med=0.87
nb =21 nb =21 nb =21 nb =21
PBIAS NRMSE
T 304 T
- T =
e — ? 204
i L % = I
uncal — CDF cal - BestFIT cal - Copula  RD — alti uncal - CDF cal — BestFIT cal - Copula  RD —alti
med =-1.24 med =-0.57 med =-4.55 med=0.49 med = 14.82 med = 10.15 med = 10.64 med = 6.43

Validation period

KGE
% N
14
-2
31
uncal — CDF cal — BestFIT cal éopula RD - alti uncal — CDF cal — BestFIT cal — éopula RD - alti
med =0.21 med =047 med=0.46 Mmed=0.71 med =-1.08 med =0.35 med =038 med=0.68
nb =20 nb =20 nb = 20 nb =20
PBIAS NRMSE
60
e B |~
204

= = &

uncal - CDF cal — BestFIT cal — éopula RD - alti
med =-10.40 med =-5.82 med =-4.33 med = 0.86

uncal - CDF cal - BestFIT cal — éopula RD - alti
med = 26.23 med = 13.73 med = 13.39 med = 11.61

Validation period

largely affected by

old/less accurate
missions (MODIS,
LandSAT, T/P,
Envisat, ERS2)
BUT still good
efficiency : median
NRSME < 15%

0.54

0.0 1

With Independent in-situ data

esa,

« Over all available stations per products

NSE

L = T 8|

o

= ==

uncal — CDF cal — BestFIT cal — Copula
med =028 med=0.76 med=0.81 med=0.65

RD — alti

uncal — CDF cal — BestFIT cal — Copula RD —alti
med =-0.12 med =0.68 med=0.75 med=0.69

nb =12 nb=3 nb=3 nb =14
PBIAS NRMSE
40 1
6 30 o}
20 A
o e G o
3 ]

uncal - CDF cal — BestFIT cal — éopula
med = -0.81 med =-8.43 med =-4.87 Mmed=-043

RD - alti

uncal - CDF cal - BestFIT cal — éopula RD - alti
med = 23.23 med = 13.35 med = 12.14 Med =12.21

- High disparity
for uncalibrated
method for multi-
based RD

- Over calibrated
methods: very good
efficiency with KGE
>0.75 and NRMSE
< 13.5%
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Cesa,

With Cal/Val in-situ data | . With Independent in-situ data

RD-multi RD-alti

All period (cal/val) . Over all available stations per products

1.0 s

KGE NSE
H @ ) KGE y NSE
y % % %II @ N T % % Over all period (at o é === % 0$ = = - High disparity

least 20 years) we

0.0 1
o =T observed a very o N for uncallbratepl
uncal —CDF cal — BestFIT cal - Copula  RD — alti uncal - CDF cal - BestFIT cal - Copula  RD — alti g 00 d effl C | en Cy o =1 methOd for mu Itl_
med = 0.37 med =058 med=053 med=0091 med =-0.33 med =0.48 med=0.44 med=0.87 uncal — CDF cal - BestFIT cal - Copula RD - alti uncal - CDF cal - BestFIT cal - Copula RD - alti
nb =21 nb =21 nb =21 nb =21 Over Ca“brated med =028 med=0.76 med=0.81 med=0.65 med =-0.12 med =0.68 med=0.75 med=0.69 based RD
PBIAS NRMSE o s s e - Over calibrated
0] L w T methods with KGE PRIAS NRMSE
1 100 ] .
o] = Py = | | >0.5and NRMSE | | " methods: very good
20 ‘f‘ 0 L ° | efficiency with KGE
<11% ol 201
0T == - = = = = >0.75 and NRMSE
-60 ; ; ; ; ; ; i ‘ -501 3 101 0
Med= 12 Med= 057 mea4ss meG=089  med= 148 med= 1015 med~logs med=ed3 e COF o GosTT e Copuin R0~ e~ cor cseT o copue w0t~ < 13.5%
Validation period « Over common stations between products = 3 stations
1.0 1 KGE 14 NSE KGE ) NSE
N % é % o L. == == 5 | validation period oe ? | = == - Eor the 3 common
y N largely affected by °e = stations, the same
.0 -2 0.4+
| | | e l | | | oI_d/Ie_ss accurate " :j: analyse can be
sl SO R S TBIWL ol O ol el o G %5, Missions (MODIS, IS MaE e B, ISR ML a s -t made than before
nb =20 nb =20 nb = 20 nb =20 LandSAT’ T/P’ nb=3 nb=3 menb:z. nb =3 me ’
PBIAS NRMSE . PBIAS NRMSE
Envisat, ERS2)
504 60 - , 04
é = B3|« BUT still good = B 5. é
01 .. . —20
efficiency : median 21
gl A L= = g
| | | | ‘ | = == | NRSME < 15% _ _
\ncal - CDF cal “BestrIT cal ~Copula  RD-alti  uncal—CDF cal~Bestfll cal - Copula RO -aiti med = 1527 ed o aan g T =339 med 2613 medoTaad gl med = 50 .

I
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With Cal/Val in-situ data

| All period over common stations between calibrated RD products

PO - PONTELAGOSCURO

PO - PIACENZA

PO - BORGOFORTE

RD-alti
Bl cal-BestFIT
cal-Copula

OB - SALEKHARD

NIGER - NIAMEY

MISSISSIPPI - VICKSBURG

MISSISSIPPI - VALLEY-CITY

MISSISSIPPI - NEAR-BROOKINGS

MARONI - TAPA

MARONI - LANGA-TABIKI

MACKENZIE - NORMAN-WELLS

Stations

MACKENZIE - ARCTIC-RED

LENA - KYUSUR

GARONNE - MARMANDE

GARONNE - LAMAGISTERE

GARONNE - LA-REOLE

CONGO - KINSHASA

CONGO - BANGUI

COLVILLE - UMIAT

AMAZON - SAQ-FELIPE

AMAZON - OBIDOS

0.0 2.5 5.0 7.5 10.0 12.5
NRMSE

- Over satellite-based RD-cal products (21 stations)

With Independent in-situ data

1
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With Cal/Val in-situ data

| All period over common stations between calibrated RD products

PO - PONTELAGOSCURO RD-alti
PO - PIACENZA BN cal-BestFIT
cal-Copula
PO - BORGOFORTE

OB - SALEKHARD

NIGER - NIAMEY

MISSISSIPPI - VICKSBURG

MISSISSIPPI - VALLEY-CITY

MISSISSIPPI - NEAR-BROOKINGS

MARONI - TAPA

MARONI - LANGA-TABIKI

MACKENZIE - NORMAN-WELLS

Stations

MACKENZIE - ARCTIC-RED

LENA - KYUSUR

GARONNE - MARMANDE

GARONNE - LAMAGISTERE

GARONNE - LA-REOLE

CONGO - KINSHASA 7~
CONGO - BANGUI

COLVILLE - UMIAT

AMAZON - SAQ-FELIPE

AMAZON - OBIDOS

0.0 2.5 5.0 7.

w

10.0
NRMSE

- Over satellite-based RD-cal products (21 stations) : NRMSE < 15 %
- RD-multi able to add some points where alti is not available

12.5 15.0 17.5 20.0

Discharge [m3/s]

Discharge [m3/s]

RD-alti

70000 + ---- Observations
- Ref
---- Simulations
60000 - - r !
H § | Hi
H
i )
50000 - H
2 i
¥ H
L
[t
40000 - e }
- ‘ - = .
! \
30000 L
20000 T T u T r T T T T
2004 2006 2008 2010 2012 2014 2016 2018 2020
Obs/Sim: NRMSE: 4.28 / pBias: 0.490 / NSE: 0.960 / KGE: 0.970 / p-value: 0.000 / nb points: 577
Q10: 30736.000 / Q50: 38320.000 / Q90: 53500.000
Q10: 29819.458 / Q50: 887.150 / Q90: 55219.950
70000 1 --=- Observations
- Ref
---- Simulations
60000 +
50000 1
40000 A
30000 1

2004 2006 2008 2010 2012 2014 2016 2018
Obs/Sim: NRMSE: 10.10 / pBias: -1.040 / NSE: 0.740 / KGE: 0.800 / p-value: 0.000 / nb points: 754

Q10: 30406.000 / Q50: 38340.000 / Q90: 53409.000
Q10: 31106.750 7/ Q50: 38426.930 / Q90: 51671.336

2020

10
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With Cal/Val in-situ data

- - - 10000 A RD'aiU ---- Observations
| All period over common stations between calibrated RD products , ~ e

---- Simulations

. 8000 -
PO - PONTELAGOSCURO RD-alti
PO - PIACENZA Bl cal-BestFIT

| PO - BORGOFORTE ~_ cal-Copula

0B - SALEKHARD \
NIGER - NIAMEY \

MISSISSIPPI - VICKSBURG ! 1

6000 -

Discharge [m3/s)

4000 4 i

u &
MISSISSIPPI - VALLEY-CITY 2000 4 5

MISSISSIPPI - NEAR-BROOKINGS 1

o
MARONI - TAPA T T T T U T T T T T T
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
MARONI - LANGA-TABIKI Obs/Sim: NRMSE: 5.82 / pBias: 6.660 / NSE: 0.800 / KGE: 0.880 / p-value: 0.000 / nb points: 1410

P-
Q10: 598.000 / Q50: 1040.000 / Q90: 2321.000
MACKENZIE - NORMAN-WELLS ™A Q10: 747.780 7 Q50: 1130.830 7 Q90 23451134

MACKENZIE - ARCTIC-RED . RD-mUItI [C&'-BGStFIT]

LENA - KYUSUR ---- Observations
. Ref

GARONNE - MARMANDE ---- Simulations
8000

Stations

GARONNE - LAMAGISTERE

e S e )

GARONNE - LA-REOLE

o
o
o
(=]
!

CONGO - KINSHASA

CONGO - BANGUI

Discharge [m3/s]

-

4000 A Y

COLVILLE - UMIAT

-

AMAZON - SAQ-FELIPE

2000 - k! §
AMAZON - OBIDOS k.
0.0 2.5 5.0 7. 10.0 12.5 15.0 17.5 20.0

NRMSE 04
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

_ Over Satel“te_based RD_CaI products (21 Statlons) : N RMSE < 15 % Obs/Sim: NRMSE: 6.14 / pBias: 3.220 / NSE: 0.510 / KGE: 0.590 / p-value: 0.000 / nb points: 4656
Q10: 550.500 / Q50: 934,000 / Q90: 2015.000.

- RD-multi able to add some points where alti is not available SRR SEON KR K
- RD-alti able to better catch the high variability 11
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With Cal/Val in-situ data

With Independent in-situ data

All

period over available stations for all RD products

Stations

NIGER - NIAMEY

NIGER - MALANVILLE
NIGER - LOKOJA

NIGER - KOULIKORO
NIGER - IBI

NIGER - ANSONGO
MACKENZIE - ARCTIC-RED
CHAD - NDJAMENA

CHAD - MAILAO

CHAD - LAI

AMAZON - OBIDOS

RD-alti

BN cal-BestFIT
cal-Copula
' uncal-CDF

20
NRMSE

- Validation with independent in-situ data: (11 stations)

12

I
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Discharge [m3/s]

ol e

ARt ..
fj)

With Independent in-situ data

esa,

All period over available stations for all RD products

et

Stations

2500 4
2000 -

1500 i

Discharge [m3/s]

2018

insitu/RD-alti: NRMSE: 8.50 / pBias: 1.380 / NSE: 0.890 / KGE: 0.900 / p-value: 0.000 / nb points: 378

2019

Q10: 65.065 /Q50: 1107.958 / Q90: 1698.800
Q10: 95.237 / Q50: 1111.560 / Q90: 1618.250

RD-multi [(‘al-CnpuIa]

——= Insitu

--—— cal-Copula

2004

insitu/cal-Copula: NRMSE: 11.18 / pBias: 5.910 / NSE: 0.770 / KGE: 0.870 / p-value: 0.000 / nb points: 5984

2008

Q10: 82.000 / Q50: 1096.367 / Q90: 1625.700
Q10: 139.097 / Q50: 1154.800 / Q90: 1659.980

ABN database

NIGER - MALANVILLE
NIGER - LOKOJA
NIGER - KOULIKORO
NIGER - IBI

NIGER - ANSONGO

MACKENZIE - ARCTIC-RED

CHAD - NDJAMENA
CHAD - MAILAO
CHAD - LAI

AMAZON - OBIDOS

RD-alti

B cal-BestFIT

cal-Copula
uncal-CDF

35

- Validation with independent in-situ data: (11 stations) : NRMSE < 30 %
- RD-alti able to provide a good estimation of the temporal variability
with the flood events but there is still outliers

- RD-multi less efficient than RD-alti and do not catch the extreme events
over the same period but can provide more years of observation

13

- 411

I

— em B b= B0 2R

m Em i vl

% THE EUROPEAN SPACE AGENCY




h

'

Validation - réstiits

—==Insitu
35000 4 ---- RD-alti
i .
30000 ‘ : ; *
: ! '
25000 § i 1 !
_ ' ' [ i
w n i i ]
[a)
2 . . i . :
£ 20000 :* i i PR i i j
=) \ " " | 0 * ] [ i
© X n ' o W H 1 [
= 1 1 ¥ i §
% 15000 " R I . F} 1 H { H
a i ? ’II ird f H iy iy ¢ i
PR RN By RN RO A RSN
10000 - o 3 7 "% i b ;g =\ ¥ ¢
v - - ‘n L | Tty ! | : J
f ] H AR | ‘ 1 14 H H it { i
5000 A LAt w 1) HE
:Fﬂ ‘.!J : M = = od oy N
04
2004 2008 2012 2016 2020
insitu/RD-alti: NRMSE: 12.27 / pBias: -11.480 / NSE: 0.670 / KGE: 0.650 / p-value: 0.000 / nb points: 1088
Q10: 3490.000 / Q50: 8560.000 / Q90: 20930.000
Q10: 3893.760 / Q50: 8301.650 / Q90: 15641.796
35000 | ——- Insitu .
-- uncal-CDF i
[
30000 4, H
[}
25000 -
— "
o i
= |
E 20000 {Mi 3
@
=
3 i Vi
B 15000 | f Vi
=) 1 h [ ¥
iy i
h H i 1 (R
i I L HE R
' IR I W
5000 i gy R B *-\4 Y
atl ?:‘ s ‘i' - ‘

2 D‘Dﬂ- 20‘05 20‘03 2 Dll o 20‘12 20‘14 2 O‘l 6 2 0‘18 ZDIZD 20‘22
insitu/uncal-CDF: NRMSE: 37.91 / pBias: -47.030 / NSE: -2.900 / KGE: 0.170 / p-value: 0.000 / nb points: 1516

Q10: 11400.000 / Q50: 16000.000 / Q20: 24364.500
Q10: 3110.000 / Q50: 8417.340 / Q90: 17389.035

ArcticGRO database

@ cSa.

With Independent in-situ data

All period over available stations for all RD products

NIGER - NIAMEY RD-alti
NIGER - MALANVILLE B cal-BestFIT
NIGER - LOKOJA cal-Copula
uncal-CDF
NIGER - KOULIKORO
NIGER - IBI
(%]
c
-% NIGER - ANSONGO
by
MACKENZIE - ARCTIC-RED |
CHAD - NDJAMENA
CHAD - MAILAO
CHAD - LAI
AMAZON - OBIDOS
'] 5 10 15 25 30 35

20
NRMSE

- Validation with independent in-situ data: (11 stations) : NRMSE < 30 %

- RD-alti able to provide a good estimation of the temporal variability
with the flood events but there is still outliers

- RD-multi less efficient than RD-alti and do not catch the extreme events
over the same period but can provide more years of observation

- RD-alti able to provide a good estimation of the RD over the arctic
basin especially if we take into account the associated uncertainty

- RD-multi [uncal-CDF] difficulty to observed frozen period masked out

in the multi indices calculation - probability of snow by MODIS
14
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Uncertainty propagation

Essential for assessing the reliability of RD estimations
Method: Gaussian error propagation quantifies uncertainties in

par ameters a,

Assumptions: Assumes parameter uncertainties are independent

and based on linearization.

Average Uncertainty:
- Sensor changes over time.

- Misinterpretation of altimeter data.
- Challenges with rating curves and spatial disparities.
- Increased sensitivity during extreme flow events.

Percentage of Uncertainties Over Time by Station

ZAMBEZI_MATUNDO-CAIS
ZAMBEZI_KASAKA
ZAMBEZI_KABOMPO-PONTOON -
PO_PONTELAGOSCURO 1
PO_PIACENZA -

MISSISSIPPI_VICKSBURG
LLEY-CITY

Stations

NNE_MARMANDE -
GARONNE LAMAGISTERE 4

GARO
GANGES-I BRAHMAPUTRA HARDINGE BRIDGE 4
GANGES-| BRAHMAPUTRA BAHADURABAD 4
UBE_| 1

GO_ IASA 1
CONGO CHEMBE FERRY -
TONGO_B 4

AZON OBIGOS -
AMAZON MANACAPURU -

_eaQ PeQ aQ aQ
\, )+(aw55 oWSE) (Bb ab) [a o azo)

3(Q)=V((WSE—z0)"-ca)f+(a-b-(WSE—z0)""- cWSE)*
+(a{WSE—2z0)"-In(WSE—z0)-0b)+(—a-b-(WSE—z0)"""- oz0)

Product uncertainties are
generally consistent with
associated errors, differing by a
few tens of percent

S 75 100 125 150 175 200

I

- 0 = — um B b= Il

Percentage of Uncertainties
15
]
| [ I > THE EUROPEAN SPACE AGENCY



ﬁ‘&;‘l
& N

Uncertainty

Uncertainty propagation

Essential for assessing the reliability of RD estimations

NIGER_|

Method: Gaussian error propagation quantifies uncertainties in
parameters a, WSE, b, and zO0

Assumptions: Assumes parameter uncertainties are independent
and based on linearization.

MISSISSIFPLNEAH'-BROO

Stations

IARMANDE

Average Uncertainty:

- Sensor changes over time.

- Misinterpretation of altimeter data.

- Challenges with rating curves and spatial disparities.
- Increased sensitivity during extreme flow events.

RA”YAN

M-TIMAN

Error from using Quantile approach vs. Overlap approach

Eesa

i

Percentage of Uncertainties Over Time by Station

ZAMBEZI_MATUNDO-CAIS
ZAMBEZI_KASAKA
ZAMBEZI_KABOMPO-PONTOON -
PO_PONTELAGOSCURO 1
PO_PIACENZA -
PO_BORGOFORTE
OB_SALEKHARD -
NIGER_NIAMEY -
NIGER_MALANVILLE

1
NIGER_LOKOJA
KOULIKORO -

MISSISSIPPI_VICKSBURG
MISSISSIPPI_VALLEY-CITY
KINGS e

MARONI_L LANGA TABH(I 1

KENZIEARCTIC-RED 1
IJMPDP() SICACATE
MPOPO FINALE +
) BETTBRUG -
LENA_KUSUR
IRRAWADDY_SAGAING
IRRAWADDY_PYAY +
RRAWADDY | HRAMTI -
DUS_KOTRI 4
GARONNE TONNEINS 4

NNE_M. 4
GARONNE LAMAGISTERE -
E LA- REOLE 1

GARO
GANGES-I ERAHMAPUTRA HARDINGE BRIDGE 4
GANGES-| BRAHMAPUTRA BAHADURAEAD 4
UBE_MOHACS A
DANUEE LUNGOCI 1
DANUBE _Cl e
DANUBE BDGO]EVO 4
GO _KINSHASA
CONGO CHEMBE FERRY -
TONGO_BANGUI -
COLV\LLE UMIAT
CHAD_MAILAO
CHAD_|

IAD Al 4

AMAZ()N SAO FELIPE

N _OBIDOS o

AMAZON MANKCAPURU 4

aQ 2Q 2Q aQ .o
a(Q) \, -da ) (aWSE‘ oWSE) (ab ab) (azo-azo)
a(Q)=V((WSE—2z0)"-0a)+(a-b-(WSE—z0)""- cWSE)*

+(a{WSE—2z0)"-In(WSE—z0)-0b)+(—a-b-(WSE—z0)"""- oz0)

Product uncertainties are
generally consistent with
associated errors, differing by a
few tens of percent

25 S

1

100 175

Percentage of Uncertainties

75

RD estimates using the quantile function (non-overlap) approach have higher ; ‘ ‘ “
uncertainties compared to the overlap approach over the same period: g o
- Non-Overlap Approach: Median KGE = 0.62 , NRMSE = 14.0% " o | | || || | || || ||
- Overlap Approach: Median KGE = 0.90 , NRMSE = 9.9% ; I - o vl
Larger time gaps (> 10years) between Q and WSE data lead to decreased statistical " | .
performance, particularly in rivers with high variability 59 5 O_ 00 ﬁ\oh :9@1@3{& e Q@OQ «: \"‘&é‘\i?
Quantile approach = sensitive to temporal distribution of hydrological events: «6‘}“-\*"‘}@‘i@”:@cﬁoﬁ}“o;ﬁiﬁ@q N Ety
leading to variability in performance across different stations and periods. MG
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Objective: Compare performance of the different algorithms/product and validate river discharge time series

Consistency analysis and round robin (Lead CLS)
Format: CCl data Standard
Time/space resolution: Completeness and spatial
coverage
Errors (in situ comparison): Discharge products are
compared to in situ data (RMSE, Pearson, Bias, Nash,
KGE)

17
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Metrics computation from discharge estimates and in situ timeseries
Example with the Obidos station from RD-alti product

Discharge values (m3/s)

Corr: .96 Bias: 1428.47 m2/s [0.80 %)

AMSE: 10624.73 m3/s (5.93 %] URMSE: 10528.26 m3/s (5.88 %)

Nash: 0,96 KGE: 0,96
Measurements number. 802

250000 ' ‘¥ %G i%
# - :
il
G i i ifif gl
.| (R
EERLEE R D BRI Bl
SRULHUMUHU
100000 i § Rg s

Obidosfull period example. RBIti
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Metrics computation from discharge estimates and in situ timeseries
Example with the Obidos station from RD-alti product

- 0.94 Bias: 4129.76 m3/s (2.40 %)
RMSE: 13024 32 m3is 17.56 %) URMSE: 12352.25 m3/s (7.17 %)
Nash 0.92 KGE: 0.20

Measurements number: 100
Discharge estmates
Extermal data
250000 % )SK
7 % « ! 2
| BN ‘B
A 31 ’ﬁ ik :. b » £ X x f ﬁ*
72 200000 - x '
LJERW BEANENY NANANA
E AFPEUIN SR E : £ F kx| 3
s * : & X i 1 * ' 3 1 1
5 i YEREBERE A ! | ;}' :
3 150000 3 * 3 k¥ 1 K X T R ! = y X
: AR EYRIEYVEITIEIEIEE
A Y M W P Oy AR 17 4 M Lk
Y ¥ ¥ & W %y O %& AF KB O
T ¥ W ¥ AF i ¥ ¥ L
100000 4 x’( k’ X “; i tl
: L .
1993 1994 1995 199 1967 . 1996 1999 2000 2001 2002
Obidosvalidation period example. Riki
T NI =
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Better results over the full period

NSE=

Nash coefficient results

2.0

(NSE median of 0.79) than the

]2

-0

validation period (NSE median of

0.60)

the calibration

period shows greater results

Validation over

period was used for

Recent

period for

Past

calibration.
validation

l

Full
X \Validation

X

X

X

X

X

X x

XX

0.8

usen

0.2 4

0.0

ERS or

Altimetry data over
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than recent period with Jason-3,

Envisat period is less accurate
Sentinel3A/B and Sentinel6A
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Eesa,

Uncertainties w.r.t errors 1 1
' ' ' : —* (5 * (Ui — 10; — 5i]))* *100%
Example with the Obidos station from RD-alti product n 0;
i=0

-~ Discharge estimates unceranties 30 % Discharge uncertainty vs external data differences
x ]
{
¥ H
I
{ ') 25
1
* z
[} [} : c
% s = 20
¥ ¥ B i
11k 2 x  x
1 ; E 1
i g1 ‘
y o 1
| @ M " X
| ' o X
% z % 1 ¥ * o
\ X % 1 X % x¥ ' x ’S‘ 1y ¥ .x‘ X x& ihx
' o) A "a
L g \ ; 2 ! ] | xX xx 1] % » xi Lilfy &
¥ ,‘x O X x » ‘ SRR R T
'3 » LR \ ]
i > F AR X % VA S b5 TR LRSS % x
i % ‘ ’&'y‘vx' Xk Tk BRI ! x
FRE K x % X1 %{ ] hm X x
Xk ,f r % i X % x & %
i
* x >
2000 2001 2002 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Time

Uncertainties evolution at Obidos station for RD-alti discharge estimates (left panel, 12%
in average) and differences w.r.t in situ (right panel, 7% in average)
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> the greater the uncertainty, the
greater the difference w.r.t the errors

uncertainties are correlated with the

A The differences between errors and
uncertainty values
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Comparisons between uncertainties and

alti discharge estimates

errors of RD
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Validation - réstl

T A
ts

o
o)
7
Q

1.0 1

0.5 1

!

————
—-

3
_?»: I € 40 -
0.0 c
KGE coefficients boxplots *& i 1 i & ; F + sgst *
. H - o - T T - T T - T - - T 1 T T T T
(left panel) and NRMSE (right o2 7e ™= a5 8 <256 Z3dza 2e%c Lou6 3858 Loz
. = | | [ = | = =1 = - - T w o T J = | = T -
panel) for REalti (green box) S E S EEEE §§§§ ;ggg SES p3ES gggg J5ES
and RDY dzf GahBestF =  ®2Z k=2 : “%;g 052z ®%f "BEEE P3IL 251t
, , > Z NE 2 & Z J 5 2 2 v\ Tz 2 J 85 2
ccal_Copula I y' R e sEo 838 §68 ¢ srg8  8z@2 568
y v - P — : —_— s T - I uw 5 H - 1 - w
duncal CDE | & o0f dz§ 02EU0 ®F €3 8% . " E 3 “2§
wn =% | o
e 8 ~ 3 3 8 i
5 5
Products Products
Datasets RD-alti: KGEO0.78 and NRMSE7.3% as median values with 38 stations. Results are slightly worse
RD-alti with monthly averages (~5% decrease in KGE, 37% increase in NRMSE) => need for better
- temporal sampling
RD-multi  (BESTFIT, COPULA, : : : : :
UNCAL) ( RD-multi: KGE 0.4 and NRMSE 10.8% as median values with 24 stations. Monthly averaging
Period: improves results (~15% increase in KGE, ~35% decrease in NRMSE for cal-BestFit) => need for
Full period noise reduction
Validation period : : : . :

Monthly averagpe RD-alti and RD-multi offer complementary benefits, with RD-multi's better temporal
sampling and noise reduction with monthly averaging enhancing climate study discharge
time series
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A The CCIRiver Discharge Products (CRDP)demonstrate a high level of accuracy and reliability compared to other
satellite-based and modeleddischargetime series

A Betterresults for RD-alti than RDmulti when comparingto in situ data (NSENRMSEKGEE )

A RDalti limitations: the non-overlap method used for estimation introduces some level of uncertainty. Main sources of
uncertainty should be highlighted (oldest altimeter data, bias resolution methods). Needfor better temporal sampling

A RDmulti limitations: difficulties separatingland, vegetation,and water signals Algorithmscould be improvedand other
ancillary data sources(e.g. temperature data) should be used. Needfor noise reduction

A Uncertainty

A RbDalti: Uncertainties are available Quite good consistency between errors and uncertainties. Ongoingtasks to
provideo e rioce n crdor budget
A RDmulti: Need to be implemented

A RDalti and RDmulti: leading options for studying river dynamics and for water resource managementat global and
regionalscales

A Ongoingtasks to provide a mergeddataset (with RD-alti and multi) with the latest productsversions

24
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http://www.esa.int/

Annexes i Inte

With RSEG

DATA

ZAMBEZI - KASAKA

RSEG Comparison: Only satellite-based discharge data considered (flags 1, 2, 3). AMBEZ - KAROLIFO.PONTOON
Time Series Issues:
- Short Series: Some stations, like the Amazon, have limited satellite data. R ool
- Data Gaps: Some stations end earlier, not always due to GRDC data availability.

NIGER - ANSONGO

MISSISSIPPI - VICKSBURG

MARONI - LANGA-TABIKI
MACKENZIE - NORMAN-WELLS
MACKENZIE - ARCTIC-RED

LIMPOPO - SICACATE

LIMPOPO - BEITBRUG

IRRAWADDY - SAGAING

IRRAWADDY - PYAY

IRRAWADDY - HKAMTI
GANGES-BRAHMAPUTRA - YANGCUN
GANGES-BRAHMAPUTRA - HARDINGE-BRIDGE
GANGES-BRAHMAPUTRA - BAHADURABAD
DANUBE - MOHACS

DANUBE - LUNGOCI

DANUBE - BOGCJEVO

CONGO - CHEMBE-FERRY

CONGO - BANGUI

CHAD - MAILAO

CHAD - LAl

AMAZON - SAO-FELIPE

AMAZON - OBIDOS

AMAZON - MANACAPURU

Stations

e 1 ® 2 ® 3

Data Availability Timeline

1985-01-01 19%90-01-01 1895-01-01 2000-01-01 2005-01-01 2010-01-01 2015-01-01 2020-01-01

Dates
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With RSEG

DATA

RSEG Comparison: Only satellite-based discharge data considered (flags 1, 2, 3).
Time Series Issues:

- Short Series: Some stations, like the Amazon, have limited satellite data.

- Data Gaps: Some stations end earlier, not always due to GRDC data availability.

RESULTS
All methods in the CCI+ RD project show better efficiency compared to the ™|
global RSEG database (monthly res) 051
- Reduced Disparity: Methods exhibit less disparity in results
- Calibrated Versions: Show the most significant improvements

KGE NSE
14
T T - - —
= : T
. RN

iy

b -3 o

uncal - CDF cal - BeStFIT cal—Copula RD - alti RSEG uncal — CDF cal — BestFIT cal-Copula RD —alti RSEG

med =029 med=061 med=064 mMed=082 med=0.08

med = -0.67 med =048 med =048 med=0.73 med=-1.48

nb=6 nb=6 nb=6 nb=6 nb=6
PBIAS NRMSE
70 1
T o =
60 4
504
o —
40 4
= % == o T
304
o
l 0 _L
€L (s R ——
o 104 s I

uncal - CDF cal - BestFIT cal — éopula RD - alti RSEG
med = 1.87 med =-6.92 med =-5.08 med=-0.32 med = 15.70

uncal —CDF cal — BestFIT cal—Copula  RD - alti RSEG
med =23.26 med = 13.83 med = 14.40 med =9.79 med = 46.98
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Comparison of Reference and Simulated Data

With RSEG T Nontly AC
12000 4 ® Monthly RSEG
DATA #
10000 d
RSEG Comparison: Only satellite-based discharge data considered (flags 1, 2, 3). 2 wooof d \ 1 4 ¥ . ﬁ+
Time Series Issues: _ _ . _ s fi hly oo b p o fd 4 KR
- Short Series: Some stations, like the Amazon, have limited satellite data. A ff O T (L ,‘& o ’Ji
- Data Gaps: Some stations end earlier, not always due to GRDC data availability. 000 1} ;'11 ;s‘{ i g} !E “ A !; ;'1 j?i Il xR imi IIH'!'!' fi
INAURVAVARRRAVEVARANINRRATRI APAFE S RNE
2000 {4 ¢/ ] 1] ,F’ b U . B ST i i
RESULTS VY y Yy WY TV VY Y e
04 A ) -‘
All methods in the CCl+ RD project show better efficiency compared to the . . . . ! | | | ! |
2002 o 2004 . 2006 ZOOBi 2010 2012 2014 2016 20-18 2020
global RSEG database (monthly res) P e ey gy ek ke
. . . . . . R 810 ggfj 9;16 fggg ZIIE .387 ,; 890 6603 513
- Reduced Disparity: Methods exhibit less disparity in results G13: 5011381 635: 5768 550 8- 336.550
- Calibrated Versions: Show the most significant improvements . e e e —
Comparison RD-alti vs RSEG + Monthly REES
- Better Accuracy: RD-alti demonstrates higher accuracy in matching in-situ 5
discharge data compared to the RSEG database 7 | g K
- Consistent Performance: RD-alti consistently outperforms RSEG across § o0 4, i Hf 2
different stations and time periods, indicating its reliability in estimating river g f;'; i | ,M I
discharge 00 { 14 1 I ,? HA
'}"-iu- ~ g ? 1 " §
P \RAR
of !
1996 2000 2004 2008 2012 2016 2020
insitu/RC-alti: RMSE: 846.860 / pBias: 1.620 / NSE: 0.610 / KGE: 0.720 / p-value: 0.000 / nb points: 298
insitu/RSEG: RMSE: 1489.290 / pBias: -3.830 / NSE: -0.300 / KGE: 0.140 / p-value 0.010 / nb points: 215
Q10 3572051050 1636 241 /080 3143376
Q10: 398:380 / Q50: 1411900 / Q90: 2850.480 28
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With RSEG

DATA

RSEG Comparison: Only satellite-based discharge data considered (flags 1, 2, 3).

Time Series Issues:
- Short Series: Some stations, like the Amazon, have limited satellite data.

- Data Gaps: Some stations end earlier, not always due to GRDC data availability.

RESULTS

All methods in the CCl+ RD project show better efficiency compared to the
global RSEG database (monthly res)

- Reduced Disparity: Methods exhibit less disparity in results
- Calibrated Versions: Show the most significant improvements

Comparison RD-alti vs RSEG

- Better Accuracy: RD-alti demonstrates higher accuracy in matching in-situ
discharge data compared to the RSEG database

- Consistent Performance: RD-alti consistently outperforms RSEG across
different stations and time periods, indicating its reliability in estimating river
discharge

Comparison RD-multi vs RSEG
- Better Performance: RD-multi consistently outperforms RSEG data when
compared with in-situ observations = higher accuracy in estimating RD

- Calibrated Approach Enhancement: Calibrated RD approaches = better
performance compared to uncalibrated ones, indicating their advantage in
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