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- Selected Basins

Selected Stations

1-AMAZON-OBIDOS
2-AMAZON-SAO-FELIPE
3-AMAZON-MANACAPURU
4-CHAD-NDJAMENA
5-CHAD-AM-TIMAN
6-CHAD-LAI
7-CHAD-GUELENGDENG
8-COLVILLE-UMIAT

9-CONGO-CHEMBE-FERRY
10-CONGO-BANGUI

11-CONGO-KINSHASA
12-DANUBE-BOGOJEVO

13-DANUBE-BAJA

14-DANUBE-LUNGOCI

15-DANUBE-CEATAL
16-GANGA-BRAHMAPUTRA-YANGCUN
17-GANGA-BRAHMAPUTRA-HARDINGE-BRIDGE
18-GANGA-BRAHMAPUTRA-BAHADURABAD
19-GARONNE-LAMAGISTERE
20-GARONNE-TONNEINS

21-GARONNE-MARMANDE
22-GARONNE-LA-REOLE
23-INDUS-KOTRI
24-INDUS-CHASHMA
25-INDUS-TARBELA
26-INDUS-GUDDU
27-IRRAWADDY-HKAMTI
28-IRRAWADDY-SAGAING
29-IRRAWADDY-PYAY
30-LENA-KYUSYUR
31-LIMPOPO-FINALE
32-LIMPOPO-BEITBRUG

33-LIMPOPO-SICACATE
34-MACKENZIE-ARCTIC-RED
35-MACKENZIE-NORMAN-WELLS
36-MARONI-LANGA-TABIKI
37-MARONI-DEGRAD-ROCHE
38-MARONI-TAPA
39-MISSISSIPPI-NEAR-BROOKINGS
40-MISSISSIPPI-VALLEY-CITY
41-MISSISSIPPI-VICKSBURG
42-NIGER-KOULIKORO
43-NIGER-NIAMEY
44-NIGER-LOKOJA

o000 0000 00

45-NIGER-MALANVILLE
46-NIGER-ANSONGO
47-NIGER-MAKURDI
48-OB-SALEKHARD
49-PO-PONTELAGOSCURO
50-PO-BORGOFORTE
51-PO-PIACENZA
52-ZAMBEZI-KASAKA
53-ZAMBEZI-KABOMPO-PONTOON
54-ZAMBEZI-MATUNDO-CAIS

18 basins
54 stations
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Objective: Compute long-termdischargetime series atselected locations from altimetry WSE and ancillary data

Step 1:
Define Cal/Val periods

Compile all available data from in-situ and/or model discharge (Q) and merged WSE from altimeters (WP3.1)

PO - BORGOFORTE -

NIGER - LOKOJA

NIGER - KOULIKORO -
NIGER - IBI-

NIGER - ANSONGO -
MISSISSIPP! - VICKSBURG -

MISSISSIPP| - VALLEY-CITY

MISSISSIPRI - NEAR-BROOKINGS -
MARONI - TAPA -

MARONI - LANGA-TABIKI

MARONI - DE -
MACKENZIE - NORMAN-WELLS

MACKENZIE - ARCTIC-RED -

LIMPOPO - SICACATE

LIMPOPO - FINALE -,
LIMPOFQ - BEITBRUG -

LENA - KYUSUR

IRRAWADDY - SAGAING -
IRRAWADDY - PYAY -
IRRAWADDY - HKAMTI -
INDUS - TARBELA -

INDUS - KOTRI

Stations

DUS - G
INDUS - CHASHMA

GARONNE - TONNEINS -
GARONME - MARMANDE -
GARONNE - LAMAGISTERE -
GARONNE - LA-REOLE -

GANGES-BRAHMAPUTRA - YANGCUN

GANGES-BRAHMAPUTRA - HARDINGE-BRIDGE -

GANGES-BRAHMARUTRA - BAHADURABAD
BE - MOHACS

DANU
DANUBE - LUNGOCI-

DANUBE - CEATAL

DANUBE - BOGOJEVO -
C

ONGO - KINSHASA

CONGO - CHEMBE-FERRY -
CONGO - BANGUI-

COLVILLE - UMIAT

CHAD - MAILAO -

CHAD - LAI

CHAD - AM-TIMAN -
AMAZON - SAQ-FELIPE -

OBIDOS

AMAZON -
AMAZON - MANACAPURU -

Q and WSE Data Availability Timeline

- owsC

GRAD-ROCHE -

IN - GUDDU -

16200202 10100101 1960-01-0L 19500101 2000-01-91 2020-01-61

Dates
3
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oA Step 1 (2/3)

Objective: Compute long-termdischargetime series atselected locations from altimetry WSE and ancillary data

Compile all available data from in-situ and/or model discharge (Q) and merged WSE from altimeters (WP3.1)
Identify overlap data = Closestdate with time gap < 24H between WSE and Q

Step 1:
Define Cal/Val periods

Q and WSE Data Availability Timeline Common dates between WSE & Q data

- q = cammon dztes [ & WSE
- wsc

PO - BORGOFORTE - —
OB - SALEKHARD - ——

NIGER - NIAMEY ———
NIGER - MALANVILLE - — _—— R
NIGER - LOKOJA —_— (R S —
NIGER - KOULIKORO- —— P —

NIGER - IBI -

NIGER - ANSONGO - e —— e | =
MISSISSIPPI - VICKSBURG - ) -
MISSISSIPPI - VALLEY-CITY L L
MISSISSIPPI - NEAR-BROOKINGS -
MARONI - TAPA -
MARCN| - LANGA-TABIKI
MARONI - DEGRAD-ROCHE -
MACKENZIE - NORMAN-WELLS
MACKENZIE - ARCTIC-RED -
LIMPOPO - SICACATE

LIMPOPO - FINALE -
LIMPOPO - BEITBRUG -
LENA - KYUSUR
IRRAWADDY - SAGAING -
IRRAWADDY - PYAY -

IRRAWADDY - HKAMTI -
INDUS - TARBELA -

INDUS - KOTRI —_— — i — ——

INDUS - GUDDU -

INDUS - CHASHMA
GARONNE - TONNEINS -
GARONNE - MARMANDE -
GARONNE - LAMAGISTERE -
GARONME - LA-REQLE -

Stations

GANGES-BRAHMAPUTRA - YANGCUN
GANGES-BRAHMAPUTRA - HARDINGE-BRIDGE -
GANGES-BRAHMAPUTRA - BAHADURABAD
DANUBE - MOHACS
DANUBE - LUNGOCI -
DAMNUBE - CEATAL
DANUBE - BOGOJEVO -
CONGO - KINSHASA
CONGO - CHEMBE-FERRY -
CONGQ - BANGLI - p—
COLVILLE - UMIAT
CHAD - MAILAO-
CHAD - LAI —_
CHAD - AM-TIMAN - N —
AMAZON - SAQ-FELIPE - ————————— B T
AMAZON - OBIDOS
AMAZON - MANACAPURU -

1520-02-02 19100101 1960-01-0L 1980-01-01 2000-0L-1 2020-01-01 1996-01-01 2000-02-01 2004-01-01 20080101 2012-02-01 2016-01-0L 20200101

Dates Dates 4

i

o g S = S = B E = I B = SR T e BN e DI SE SE EX IS i mm m %] THECUROPEAN SPACE AGENCY




Step 1:

Define Cal/Val periods

Objective: Compute long-termdischargetime series atselected locations from altimetry WSE and ancillary data

Compile all available data from in-situ and/or model discharge (Q) and merged WSE from altimeters (WP3.1)

Identify overlap data = Closestdate with time gap < 24H between WSE and Q

Divided common period into Calibration/Validation periods:
First 1/3 part : Validation period - Last 2/3 parts: Calibration period
CONDITION : If number of common date < 15 = no common period considered, all common data will be used for validation

OB - SALEKHARD -

IAMEY

NIGER - N
NIGER - MALANVILLE -

NIGER - LOKOJA

NIGER - KOULIKORQ -
NIGER - IBI-

MIGER - ANSONGO -
MISSISSIPPI - VICKSBURG -

MISSISSIPPI - VALLEY-CITY

MISSISSIPPI - NEAR-BROOKINGS -
MARONI - TAPA -

VMARONI - LANGA-TABIK|

MARCNI - DEGRAD-ROCHE -

MACKENZIE - NORMAN-WELLS

MACKENZIE - ARCTIC-RED -

LIMPOPO - SICACATE

LIMPOPO - FINALE -
LIMPOPO - BEITBRUG -

LENA - KYUSUR

IRRAWADDY - SAGAING -
IRRAWADDY - PYAY -

INDUS - KOTRI

Stations

INDUS - CHASHMA

GARONNE - TONNEINS -
GARONNE - MARMANDE -
GARONNE - LAMAGISTERE -
GARONME - LA-REQLE -

GANGES-BRAHMAPUTRA - YANGCUN
GANGES-BRAHMAPU
GANGES-BRAHMAPUTRA - BAHADURABAD
DANUBE - MOHACS

DANUBE - LUNGOCI -
DANUB

E - CEATAL

DANUBE - BOGOJEVO -

CONGO - KINSHASA

CONGO - CHEMBE-FERRY -
CONGO - BANGUI-

COLVILLE - UMIAT

CHAD - MAILAQ -

CHAD - LA|

CHAD - AM-TIMAN -
AMAZON - SAQ-FELIPE -

AMAZON - OBIDOS

AMAZON - MANACAPURU -

Q and WSE Data Availability Timeline

Common dates between WSE & Q data

31 stations : time overlap
4 stations : not enough time overlap
19 stations : without time overlap

@& Calibration @ Validaton

Comman dates betwean WSE & Q data

- wsC

PO - BORGOFORTE -

IRRAWADDY - HKAMTI -

INDUS - TARBELA -
INDUS - GUDDU -

comemon dztes Q) & WSE

TRA - HARDINGE-BRIDGE -

2 s
£y

1520-02-02 19100101 1960-01-0L 1980-01-01 2000-0L-1 2020-01-01

Dates

1996-01-01 2000-02-01 2004-01-01 20080101 2012-02-01 2016-01-0L 20200101

Dates

19960101 2000-01-01 20040101 20080101 20120101  2016-01-01  2020-0101
Dates
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Objective: Compute long-termdischargetime series atselected locations from altimetry WSE and ancillary data

Bayesian Approach to compute Rating Curve between overlap WSE and Q:
» Probabilistic model : 0 = a-(h-2z0)%
Method 1:

—> E— * Prior distribution : a € [0; 3000] - b €[0; 5] - z0 € [min(WSE)-50; min(WSE)
Overlap + Parameters estimation through Markov Chain Monte Carlo (MCMC) sampling and the Metropolis-Hasting
sampler "MH" algorithm

Step 2:
Compute Rating Curve

6
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Objective: Compute long-termdischargetime series atselected locations from altimetry WSE and ancillary data

Bayesian Approach to compute Rating Curve between overlap WSE and Q:

Method 1:

Overlap .

( Casel: |

Probabilistic model : 0

= a-(h-z0)%

Prior distribution : a € [0; 3000] - b €[0; 5] - z0 € [min(WSE)-50; min(WSE)
Parameters estimation through Markov Chain Monte Carlo (MCMC) sampling and the Metropolis-Hasting

sampler "MH" algorithm

Case 2:

)

[ Case 3: ]

General Frozen period time to time Arctic basins
-->remove point based on temperature --> Multiples rating curves
4
) ) ) ) Rating Curve with Best-Fit and Confidence Interval Rating Curve with Best-Fit and Confidence Interval x10
Ste 2 Rating Curvgaﬂdtpof}fgtﬂ; az%c‘igc]’-r?fgnce Interval 2008-12-17 ta 2022-10-01 L 2009-04-05 to 2022-09-22 " T T T T
Step 2: - - |
B0000 T gbste?teg Data ® 95% CI a: 3105.76 ‘ o mse% recess: 27‘
I —— Best-Hit Curve 11 ® Observed Data .
. —— Best At Curve 11 i 10 b 2012
Compute Rating Curve e 9% 350 1 — Best.Fit Curve T
50060 10 2001 Y 10 9 n:1.2
. 300 - shiftH: 0
2 =/0.106 (0,100, 0.127] ¥ 9 a=- 12697 11014 18608) | 9 a = 4.877 [2.408, 7.757] 8 0
20000 | b =14.734 [4.200. 4.264] b=1154[1.033,1.2 b =2.733 [2.393, 3.009] o
20 = 50,451 1-50.708, -50/142) ] s _ 150 | 20=18.285(448.212, 148.330] 8 _ 2501 20= 448,238 [447.993, 448.497) £
% ) u £} 7
£ 7o E '?. ? L E 200 L 5 -
2 1
£ 30000 T0B o E s - -
= - 2 “ ® 5 = ® =
] 5 100 . ] G c
z o £ 150 5 o=
20000 5 5 6]
4 4 100 - 4 1
501
10000 . 3
3 3 50 -
2 2 2
] 1 0 —— T S i 04 0 " L i A
—40 38 -36 -3¢ -32 20 40 450 451 anz 42 449.0 449.5 450.0 450.5 4510 4515 22 24 26 28
wse [m)
wse (m] wse (m) H It.
alt,m
7
- ——— . — - H-=] — | | 1| | NI LA | 3 | | e
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Objective: Compute long-termdischargetime series atselected locations from altimetry WSE and ancillary data

Bayesian Approach to compute Rating Curve between overlap WSE and Q:

e Probabilistic model : 0 = a-(h-z0)?

Method 1: T, : .
E— * Prior distribution : a € [0; 3000] - b €[0; 5] - z0 € [min(WSE)-50; min(WSE)
Overlap + Parameters estimation through Markov Chain Monte Carlo (MCMC) sampling and the Metropolis-Hasting
sampler "MH" algorithm
Case 2: :
( cCasel: | [ ) | case3: |
General Frozen period time to time Arctic basins
-->remove point based on temperature --> Multiples rating curves
Compute Rating Curve Method 2: Quantile Approach to compute Rating Curve between non-overlap WSE and Q (Tourian et al., 2013):
+ Obtain quantile functions of WSE and discharge by sorting ascendingly and normalizing the sorted data
No Overlap using : Pi=Ki+ (N+1)
* Apply Bayesian approach to estimate rating curve parameters . . .
Rating Curvelsvétsh_o%e_gts-ii; eir;cézc_%rif_lgsnce Interval
100000 @ Observed Data #
Altimetry WSE CDF at Bahadurabad In situ Q CDF at Bahadurabad i AR "
100 o 1001 N 80000 1o
%0, N 80/ —r1] oy i
| — 3; 6000 zl} = -17.780 [-1B.089, -17.500] 8
= g E 40000 & Eﬂ
S 40 S a0 L > p 5
20 201 20000 )
3
0 i6 -45 —da —a3 -42 -a1 -a0 © 10000 20600 30000 40600 50000 60600 ’
WSE (m) Discharge (m3/s) B e e v e !
wse (m] 8
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Step 3 (2/2)

Objective: Compute long-termdischargetime series atselected locations from altimetry WSE and ancillary data

6(Q)= (aQ oa )2 ( 0Q 8WSE) (8Q ab) (aQ Oz 0) First prior of an end to end uncertainty budget

oa OWSE ob 0z0 Sd of power law's coefficients:

Comes from Bayesian approach

0(Q)=v((WSE—2z0)’(0a)j +(a-b-(WSE —z0)"""- OWSE )’

+(a-(WSE -z o)b-ln(WSE—‘zﬂ2+(— a-b-(WSE —zO)b_@

WARNING : independent variables !

Rating Curve with Best-Fit and Confidence Interval
: : i : Rating Curve with Best-Fit and Confidence Interval Rating Curve with Best-Fit and Confidence Interval 2019-04-04 to 2023-09-07
/ Reting:Curve with Best-fit and Confidenceinterval 2004-10-25 to 2009-12-23 2017-02:09 to 2023-06-08 12
—T 12 712 12 goo4 @ Observed Data
® Observed Data Observed Data @ Observed Data Best-Fit Curve
. —— Best-Fit Curve 1 100001 — Best-Fit Curve 11 —— Best-Fit Curve 11
Steg 3 32000 9 T 95% CI 95% CI 95% CI
. 95% CI 4000 700 4
10 10 10
Compute Uncertainties 10000 ? ’ 6001 5= 32508 2509
: ooy Lo 10 (R e LI
b 1.191 [1.139, 1.242) F ° C =& iied A
- 20 = 349.878 [349.794, 349. 9401 & 8 _ 20 = 110.212 [109.868, 110.563] 8 _ 3000 120-=48.145 [47.892, 48.482] 8 _ z0 = 130.469 [129.934, 130.995]
g 8000 7 2 2 . 2500 1 -
é 7 » é 6000 7 » -§ 7 & é o I
@ s a; £ o 2 7 £
) € <) [ 2 5  ©an0 €
5 6000 S 5 s g
g 6 = 2 5 = 2 2000 5= & e® 2
& o} E 2
£ % 3 5 5 5 300 4
4000 4000
4 4 4
1000 200 4
2000 3 3 3
" 2000 ' 5 100
0

=1

0
1 1
T T T T 1 ! "
350 351 352 353 354 355 356 121 192 123 124 195 126 127 128 50 51 52 53 54 55 56
wse (m) wse (m) wse (m})
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Step 3 (2/2)

Objective: Compute long-termdischargetime series atselected locations from altimetry WSE and ancillary data

a(Q) \/(SQ oa )2 ( 0Q OWSE) (8Q ab) (8(2 Oz 0) First prior of an end to end uncertainty budget

oa OWSE ob 0z0 Sd of power law's coefficients:

Comes from Bayesian approach

N\
0(Q)=V((WSE—20)"-a)’+(a-b-(WSE —z0)"  oWSE)) Sd of WSE:

+(a(WSE—20)"-In(WSE—20)-0b)*+(—a-b(WSE—2z0)"\-0z0)

error per mission between WSE and In-situ water heigh anomalies
WARNING : independent variables !

JasOols

N

AM
. ON.

Step 3:
Compute Uncertainties

Envisa

B
ol . I
=
Envisat ; 15 s3mazses2  Sentinel-3B $3B37568.2
20 EN114 EN114 B 15 SIAA2 Sentinel-3 S3A342
10
15 // 10 * e
8 - 4 | %
m N o E |4 1R % t ! g
€ i = 4 ! - 5 M W S ¥ or, 4 Y Yy W
o) S0 | 1 S e L3 = mw W Wﬁfbﬁ» »,n’{f”“w:‘dm{ 5 R, ’ﬂq gt *‘d +
" | v
sl e By et Mt i 4 /;W’f “+rmse: 0.95 0 5 Nt e
2 5 . - . . 0 . | J
S o . 8 a 19 2016 2018 2020 2022 2024 2018 2020 2022 2024 4 5 6
2002 2004 2006 2008 2010 Hinsitu, m Hinsitu, m

i
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Step 3 (2/2)

Objective: Compute long-termdischargetime series atselected locations from altimetry WSE and ancillary data

a(Q) \/(SQ oa )2 ( 0Q OWSE) (8Q ab) (8(2 Oz 0) First prior of an end to end uncertainty budget

oa OWSE ob 020 . Sd of power law's coefficients:

. Comes from Bayesian approach
8(Q)=V((WSE=20)°-ca)*+(a-b-(WSE —z0 ) * o WSE )?  Sdof WSE-
+(a(WSE=20)"-In(WSE—20)-0b)*+(—a-b(WSE—20)"(-02z0)

error per mission between WSE and In-situ water heigh anomalies
WARNING : independent variables ! . Sd applied per mission over all stations/dates to avoid giving more
weight to one station

Sd independent for extreme latitudes stations and other latitudes

§

4 )
TP ers2 Envisat Jason 1 Jason 2 Jason 3 Saral Sentinel3a  Sentinel3b Sentinel6
Step 3:
Arctic - 0.50(26) 1.13(681) - 0.86 (605) 1.02 (550) 1.12(110) 1.02 (515) 0.87 (274)
Compute Uncertainties
Other 1.01(1094) 0.91(131) 0.83 (663) 0.91(740) 0.65(2550) 0.62(2534) 0.71(190) 1.02 (253) 0.32(124) 0.51(752)
\ J
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Compute long term River

Ste
Discharge timeseries
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Compute long term River
Discharge timeseries

® jeson3 ©  sentinels
AMAZON - MANACAPURL [X:-60.609°, ¥-3.311°]

Objective: Compute long-termdischargetime series atselected locations from altimetry WSE and ancillary data
@ ‘topex ® jason1l ® jasonz |

S R R

Long term altimetry-based river discharge (RD) have been computed over 50 stations (/ 54)

» Missing stations:

+ 3 stations with no in-situ discharge data (Indus)
+ 1 station with no WSE timeseries (Chad)
* Number of years between 1stand last dates in time series:

4 RD time series < 7 years

5 RD time series = 15 years

24 RD time series= 21 years

17 RD time series ~30 years

: 's coefficients available here : https:/zenodo.org/records/10804708

Data have been provided in CSV format and NetCDF format on CEDA platform

1996 2000 2004 2008 2012
Date

i

INLZ | | ]
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https://zenodo.org/records/10804708

river

discharge
CCl
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