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Problematic:

To reach good ecological status in coastal
areas, there is a need to consider the
land-to-sea continuum

Here we propose to tackle this problematic deploying a biogeochemical
modelling chain (C, N, P & Si) from land to sea for the main French rivers
& estuaries.
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Study area: Modelling domain
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80 river networks (pyNuts-Riverstrahler)

* Size: 300 km? to 117 000 km?

» Total drained area: 486 000 km?

* River network length (ccm 2.1, Vogt et. al 2007) : 174 181 km

40 estuaries (CGEM-OMENSED)
* Length: 1.7 km to 202 km (mean = 30km)
e Reasons no modelled:

* Not an estuary (lagoon, delta)

* Too small

Diverse climates, lithology, land use/land cover among the
river systems

Pourcentage de surfaces arables (RPG 2019)

Runoff (150mmto  Elevation Forest cover Arable lands
1000 mm (0 to 4000 m)
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Process based modelling chain deployed at the
national scale

Land based constraints
o o o o o o o o o o o o o - Model descriptions:

| 1 .
I N export / import 1 GRAFS-N: Billen et al. 2021
: N squrces i RIVE: Billen et al. 1994
§ 1 lT I pyNuts-RiverStrahler: Thieu et al. 2017
B : :Agm'fOOd Riparian denitrification: Billen et al. 2018
a I _ o 1 livestock N GRAFS-N  |system model C-GEM: Volta et al. 2014
E I river basins description l : pyNuts/CGEM coupling : Laruelle et al. 2019
3 : T Pop. : point sources OMEN-Sed : Pika et al. 2021
.g : climat | | lithology landuse E consumpt. : ™
S I :
3 : I
O e e e e e e e e R == = = = e e e e e e [ e -
— | Land-based| sources 1 | I
oz :— ————————————————————— 61 5d P SO e I :
o |
7 losses
2 | hydrology e Nuts-RIVERSTRAHLER || ~ C-GEM '
§ : net erosion Shs I OMENSED :
a) I < | I
3 | runoff > Drainage network I estuary 1
= I wet | |
2 : lixiviation riparian : : C, N, P &Si
& I storage / weathering zones fluxes to the
— : 1 |
P I P M’h!-ﬁ_h costal areas
2 : ,” ‘\‘graundwatercontn'b.
§ : ;P aquifer '. > lT
: | “\ /"‘ & prod instream retention & production
S e S ST L liioniit sk -
S storage Biogeochemical river-network lagrangian g; i
3 g grang Biogeochemistry &
E modelling framework hydrodynamics process-

based model of estuaries
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Strong coupling between the river-network and

the estuary model
O swtvoriaie [ process — coem s sttt s P05 * Two process based
il il

¢ [ e B e atmosphere models sharing most of
: Al j g dBAC """" - water column their states variables

f " écozz dg ______ | ooc and processes

8 POC] \.

g W * Both models simulate

: 2005~ [Fe nutrients as NO3, NH4,
pug PO4, DSi (BSi, NO2, N20
: R pyNuts-RS only).

& ) ovinseasiageneiemadd D20 Uil

Simplified conceptual scheme of the share of state variables
and processes between C-GEM, OMEN-Sed and pyNuts-
RiverStrahler model. (Laruelle et al. 2019, novelty)
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Objective: Modelling current (2014-2019)
nutrient loads exported to the coastal zones

* Respective contribution of point sources and diffuse
sources

* Validate the results of the modelling chain spatially and
temporally

 Evaluate nutrient removal in&near stream and in
estuaries
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pyNuts-RS: hydrological forcing

. Validation
Two components of discharge
. LaGaronne au Mas D'Agenais (09000010) Flow in m3.s1
. . N 400073 r ~—  Modelled
Interpolation of discharge Flow separation with BFLOW : : 8 N
2 (Delavenne et al. 2023) on algorithm (Arnold et al. 1995) y, :
- 1664 completed discharge
§ time series with little or no |
= . 4000 » La Loire a Montjean-sur- L0|re(M5300010) ’
S influence. son ol '
Té 2000 :
S i :
1. A MUA N
C
.9 7 2014 2015 2016 2017 2018
é Le Rhéne a Valence (V4010010)
5 46°N 46°N 4000
0;2 - } .h [ ‘
é 2000 ": " o gs', | :QE
g Tk Jé‘ “{ ‘& ‘ égﬁ.,;%
§ . . g 2014 2015 2016 2017 — 2018 -
g - Very good consistency with discharge
= measurements !
g - Good consistency of flow separation
© . . .
= Run-off (mm) BE| results with subsoils properties & other

100 400 1000 0.2 0.50 08 1 similar maps
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pyNuts-RS: diffuse sources of nutrients

DOC - subroot/fastflow DOC - groundwater

Different methods:
* Agro food model GRAFS-N (Billen et al. 2021) and land
use
* NO3 — Nitrate
* Net erosion (Borrelli et al. 2018) and national or

european database on soil content (Orgiazzi et al.
2018; Delmas et al., 2015)

* POC — Particulate Organic Carbon
* PON — Particulate Organic Nitrogen
* TIP —Total Inorganic Phosphorus oiffuse YV ¥

sources

- N Wbk N ©

DOC diffuse inputs at the scale of modelling
objects for subroot and groundwater flow

— Dissolved Organic Carbon (wetlands +
other factors)

— Dissolved Silica (lithology + other factors)

* Land used based (EEA, 2018)

_ Particle-bound nutrients and DOC have differing
* NH4 — Ammonium

concentrations in subroot and groundwater
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Source apportionment for DIN : mean 2014-2019

DIN
Point sources: 0! = NO3THA+NO2 n k%ON.ha-1 y-1
« Wastewater treatment i | 35
- <led 4
g plants: DBO, DCO, NH4, o Sles = 22
= . . @ >1eb it
a NO3 and TP/PO4 data in “ N treat. S 20
o * None <
g kg/j from water agencies N 15
s for most big WWTPs and e T o ;0
E numerous small ones. ' Diffuse sources 0
= Point sources
S o . (PS) | -
2 * N° of eq. habitants and (15 807 WWTP) i
é water treatment (incl. info g ¢
2 . 100
= onN &P speC|f|? 90.6 % DIN 95
| treatments) available for all originates from a0
g Stations 9 stats to f|” diffuse sources gg
s missing data in the study area 45
S 25
- 10
= \ ‘ 5
Contribution of PS to river inputs 0
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Source apportionment for T|P

mean 2014—2019

TIP

Point sources: o trent k%%ga-1 y-1
* Wastewater treatment §§§ﬁgg . 2:00

plants: DBO, DCO, NH4, DIP 1.00

NO3 and TP/PO4 data in i 0.50

kg/j from water agencies : 1:% 0.20

for most big WWTPs and 0.10
0.05

numerous small ones. Pomt Sources PS s
(19 807 WWTP) pl'llflf:’ug/e sources 0.00
0

* N° of eq. habitants and point

water treatment (incl. info i .. source
on N & P specific 68.5 % of TIP ’ {,’ ‘ ;go
treatments) available for all originates from 90 Mean values,
stations —> stats to fill diffuse sources gg very variable
missing data in the study area 45 with flow.

25

10

|5

‘ 0
Contribution of PS to river inputs
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pyNuts-RIVERSTRAHLER
modelling results

Period: 2014-2019
Time step: 10 days (decade)

Spatial resolution: kilometric along main rivers (n=90, 15 468 km)
n of objects: > 5000

Spatial Validation of flow weighted concentration
Focus on loads at the outlets (before estuaries)
NO3 Retention near & in stream
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Spatial Validation on flow weighted concentrations

Validation dataset

- 929 stations upstream estuaries influence 50°N

- Curated dataset of public data snapped on idealized river-network
¢ - At least 40 meas. 2014-2019
o DOC DS| Drained
() — . K
a = 8 - e 48°N -
2 £201 R=0.64 R? = 0. 53_ | o aI:ea2
% ‘é’ 154 6 - . § ( m )
§ "E 10 4 ,:f,-” 44 1 000
= 5 .. 5 5000
o I . 25000""
§ 8 O i ’I" T T T 0 i I|, T T
_g 5 0 5 10 15 0 5 10 e 50000

e
z % NO3 0,20 PO4 PBIAS
5 = - o
% 2 15' R2=Q.$2 e : ”‘/}, 015_ R2=0.04 "/@) ( /0) 44°N 7
[%) O N . Pl . M RS -
O P N | 100

E L 10 1 £ 0104 % x.:.- 4Point Size: 50
4 3 .. =% drained area ?g
= E 0-051 " Color: 15
= o} 04 o 0.004.- catchment '30 42°N -
=] § T T T T T T T 50
g 0 5 10 000 005 010 0.15 100
£ Measured - Flow Weigthed Concentration (mg/L)

A s I n .IASEDl:IliiI:rla::lr::htil:liuncis:f 12

—_——— .

.
05/06/2023 o @@~  Suwam S



(%]
(3]
=
+—
O
()
o
(%]
—_
()
o
o3
c
e
(%]
=
O
c
(®)
@]
(%]
c
2
(%]
(%]
=}
O
B0
(a]
o3
(2]
=
=]
(%)
(]
o
(%]
©
o
=
+—
()
=
c
2
4+
O
>
©
o
—
4+
s

Modelled - Total yearly load (kton/y-1)

Total & specific loads at outlet

-1 eg: , - DOC (kgC.ha-1.y-1 DSi (kgSi.ha-1.y-1
Total loads (kton.y™) Specific loads loads (kg.y.ha) (kg y-1) (kg y-1)
DOC DSl — -
150, R2=0.98 | 70 R2=097 S R? = 0.91 5 R=z067
- 9 1 - ,’/ 7 * P : ,r/
PBIAS =-2.2% ;27| 150 PBIAS = -1.8% & PBIAS=3.3% ° |, | PBIAS=6.5%s i~
= 1004 RMSE=0.94; RMSE = 0.87¢ =1 RMSE = 0.46 5~ RMSE = 097~ *
' 1001 r 4 & o o, -
50 - 0”/’; o & 2 104 e 104 ‘e
J so4 ¥ = o ¥
;4 Vs 8 | 4
O-ll T T T 0-’I T T T T % 0',’ 0',”
0 50 100 150 0 50 100 150 200 CG;S‘ ('] ,1'0 2'0 6 1'0 2'0
NO3 _ PO4 _ ‘g NO3 PO4 5 10 15 20
%7 R?=0.91 4| |RE=0.92 2 | Re=0.68 A, R=026 ° NO3 (kgN.ha-1.y-1)
7 3 = = 41
75, PBIAS = -8.8%, PBIAS=42.5% 7| @ |PBIAS=-6.9%° 5|  PBIAS=72% |
RMSE = 2.79;~ , | RMSE = 0.2245 8 | RMSE=0.88%--" |031 RMSE=0.10% .-~
50 - £ * 1 -1 G et o p
e e S :/"; o 027 i .
4 ,2. 14 /,‘,/" = b » L A /’_,/
27 8 ” ‘5. 0.1- v
0+ r 04 f .
T T T T T . T T T T g rl” ! ! 0_0',"/’ ! ! ! !
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Measured - Total yearly load (kton/y-1) Measured - Specific yearly load (kg/haly)

@ big systems °

type big systems
® small systems (grouped) type o smal systems (grouped)
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NO3 Retention near & in stream

Removal of NO3 by riparian wetlands Removal of NO3 by phyto, bacteriaand  Total removal of NO3 in %
sediment (kg.ha.y1)

total
removal

Only “active” riparian wetlands are Lower typical values than removal by Varies from less than 10% to
considered i.e. not tile-drained and not wetlands. more than 60 %.

on arable lands. Size of the river basin is less
Possibility to increase this removal by important than %wetlands.
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targeting drained / cultivated wetlands.
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Results of the CGEM-OMEN-
SED modelling

CGEM: 1D transport & biogeochemical estuary model
coupled with
OMEN-SED: sediment model

Forcings: pyNuts-RS simulationédischarge & nutrients-phyto concentrations),
estuaries geometry (simplified depth & geometry), tidal influences (water height)

Period: 2014-2016 for big estuaries, 2014 for others
Time step: 90s to 180s depending on estuary size

Spatial resolution: 0.25km to 2km depending on estuary size
n=40
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Validation on the Loire and Seine estuaries

Comparison between model outputs and observations for the

Loire over the 2014-2016 period 30 km upstream of the

estuarine mouth (92 km downstream the river outlet)

10 |

TOC - 30 km from the mouth

. 2004 T 2015 T 52016

o s I : .

2 Fg&\\ﬁm f’ﬁh@NJ\quoo g @ °
0 100 400 500 600 700 800 900 1000

N03 30 km from the mouth

Comparison between model outputs and observations for the
Seine over the 2014-2016 period 54 km upstream of the
estuarine mouth (112 km downstream the river outlet)

TOC - 54 km from the mouth
T

< io
z | | i
(]
£ v o .
0 | I | H I I | [ | I
0 100 200 300 400 500 600 700 800 900 1000 "o 100 200 300 400 500 600 700 800 900 1000
04 PO4 - 30 km from the mouth PO4 - 54 km from the mouth
. T T T T T T T T T T
Q. 0.2f- ' 1 -
o ! !
€ 0 | | | O: | | O | i | | 0
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000

dSi - 30 km from the mouth

0
0 100 200 300
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N removal on the land to sea continuum

TN removal OA) in estuaries (2014) NO3 In&neal’ Stream I‘emoval % (|nC|
wetlands)

total
removal
%

total
removal

%
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Except for the Gironde estuary  Spatial distribution of N Total NO3 removal from land
TN removal is low across removal in estuaries is to sea is obtained
estuaries (median = 4.1%) independent NO3 of in&near
stream removal TOC, TP, TSi also
available
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Typology of main French rivers regarding N
exports & removal on the land to sea continuum

Bi variate map representing both:

* N pressure (diffuse + point source
load) on the red scale

* N removal (riparian + in&near
stream + estuary) on the blue scale

- Of least concern: Low N pressure and
or high removal

- Sensible: Low N pressure & low N removal

- To monitor: median N Pressure and N
removal

- Resilient: median and high N pressure and
high N removal

- Of most concern: High N pressure and
median or low N removal
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Conclusion:

* First deployment of a processed based land to sea modelling chain at this
scale

 First fine scale spatio-temporal validation of GRAFS-pyNuts-RiverStrahler
chain

 First results of coupling C-GEM & OMEN-SED

* A typology of catchments taking into account N pressure and N removal from
land to sea

* Perspectives

* Compare resulting scenarios with recommended concentrations levels in
coastal areas

* Propose localized wetland restauration
* Impact of nutrients processing from land to sea on nutrients imbalance

)
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Questions ?

.............

Thank you for your attention
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