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Upper-Genil & Cubilla_s_ River Basins

« Water quality in y AL o
mediterranean river - e T T e
networks is highly
variable in time and
space.

= Water bodies
Cubillas Watershed
Upper Genil Watershed

 Point (weakly variable)
and non-point (highly
variable) sources

_Tangier

Scale: 1:137,809

« Cubillas sub-basin: complex land use pattterns
and mediterranean hydrologic regime (large
seasonal and short-term flow changes)

— SWAT Reaches
= Cubillas Subbasin Nr.
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Goals

1) How sensitive are SWAT outputs in Cubillas basin to changes in soil
organic matter and nutrient content, and to the magnitud of urban

wastewater loads?

2) To what extend the ranges of uncertainty in these sources can explain
observed water quality variable in Cubillas river??



SWAT: Model background

Watershed and erosion model
Nutrient fluxes and pathways Gl
Point vs. non-point sources

: non-point
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conditions

Point: urban wastewater
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Soil databases
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Goerlich, F. J. (2025). HIPGDAC-ES: Historical population grid data compilation for Spain (1900-2021). Consejeria de Agricultura, Ganaderia, Pesca y Desarrollo Sostenible, “Perfiles de suelos en Andalucia.” 2019.



Sources of uncertainty

~
Kjeldahl-N Raster

Interpolation

Olsen-P,0s Raster
Interpolation

~

I Interpolation
uncerteinty

Kjeldahl-N = 80%

E::E Aggregate

mean per HRU

Convert Units

I Interpolation
uncerteinty

Olsen-P * 58%

E:a Aggregate

sum per subbasin

G Interpolate Years

decade to yearly

‘ Daily waste amount

Liters per day = 100-300
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Fésforo organico = 1-5
Fosforo mineral = 3-10

X

S| Write *.dat file
per subbasin

Daily average loads per
year




Ensembles of model realizations

Scenario Description

Hydrologic/sediment model (calibracién “219”)

BASE + land uses

BASE + urban wastewater

WASTE (point) (min—-max ensembles)

BASE + initial soil nutrient content

SOIL (non-point) (min-max ensembles)

BASE + WASTE + SOIL

WASTE+SOIL .
(min—max ensembles)

Storm events: periods of at least 2 days when flow rate is = 75-percentile



KIELDAHL_OUTkg (ka/day)

n

BASE —— mean min-max Filtered (excluded from stats)

Sensitivity tests

WASTE

Annual average Kjeldahl N MM/\/ e

KIELDAHL_OUTkg (kag/day)

max: 5.2026311k
|| == mean: 5.2026311k
min: 5.2026311k

KIJELDAHL_OUTkg - Reach 13 (1A, sum) [Load kg/day] vs. NITROGENO KJELDAHL

* BASE vs. WASTE
* Purely additive loads

* BASE vs. SOIL

e compare the default
(automatic) soil initialization
procedures in SWAT vs.
manual or data-driven

SOIL

BASE —— mean min-max Filtered (excluded from stats)

Ry W - procedures

KJELDAHL_OUTkg - Reach 13 (1A, sum) [Load kg/day] vs. NITROGENO KJELDAHL



Sensitivity tests

Total Phosphorus
(TP)

Kjeldahl Nitrogen
(TKN)
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Observations and model uncertainty ranges

Filtering observations
* 1) LDM = 0.1 mg/kg  2) only data > LDM
* Set LDM to half LDM e Much less

Min/Max Coverage (observations inside envelope)
88%
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Observations and model uncertainty ranges

With
values

below
LDM

load (log10): KIELDAHL_OUTkg (kg/day)

Kjeldahl Nitrogen

Simulation Load Duration Curve

® Measured (paired)
‘‘‘‘ Simulation p25 (paired)
—— Simulation median (paired)
Simulation p75 (paired)
Min-Max band (paired)

20
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% of time where predicted mean load exceeded (%)

load (log10): TOT_Pkg (kg/day)

Total Phosphorus

Simulation Load Duration Curve

% of time where predicted mean load exceeded (%)

® Measured (paired)

----- Simulation p25 (paired)
= Simulation median (paired)

Simulation p75 (paired)

— Min-Max band (paired)

With no
values

below
LDM

load (logl0): KIELDAHL_OUTKg (kg/day)

Simulation Load Duration Curve

® Measured (paired)
""" Simulation p25 (paired)
= Simulation median (paired)
Simulation p75 (paired)
o — Min-Max band (paired)
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load (leg10): TOT_Pkg (kg/day)

Simulation Load Duration Curve

% of time where predicted mean load exceeded (%)

® Measured (paired)
rrrrr Simulation p25 (paired)
= Simulation median (paired)
Simulation p75 (paired)
— Min-Max band (paired)



Discussion

Atribution
TP more sensivity to soil initialization procedures and number of events/year [
TKN more sensitive to urban wastewater loadings (consistent with input)
Water quality model, needs to be improved (for dailly loads)

Need to account for wastewater loads + soil initialization uncertainty so that
observed are within uncertainty ranges

TP with/without data < LDM: coverage ~ 80%; underestimating 2-4 kg/day
TKN with data < LDM: coverage 30%; overestimating - 44 kg/day
TKN without data < LDM: coverage 67%; underestimating 73 kg/day

MH. K. M. Mihiranga et al., “Nitrogen/phosphorus behavior traits and implications during
storm events in a semi-arid mountainous watershed,” 2021.



Conclusions

Soils, per-se, have a limited explanatory potential

For non-point sources: focus on uncertaintys resulting from agricultural
managemente

Mas falta de atribucion para Nitrogeno que para Fosforo [

Global Warming= 1 affecting non-point sources [

Need to identify additional sources of uncertainty (structural and data)
Need to more-comparable data, particularly, during events.

Need for clear protocols to deal with values < LDM (key)

[] O. US EPA, “Nonpoint Source Pollution with Nitrogen and Phosphorus.” 1998. pdf:
http://www.esa.org/esa/wp-content/uploads/2013/03/issue3.pdf

[3] T. Johnson et al., “A review of climate change effects on practices for mitigating water quality
impacts,” 2022, doi: 10.2166/wcc.2022.363.

4] J. Ide et al., “Impacts of Hydrological Changes on Nutrient Transport From Diffuse Sources in a
Rural River Basin, Western Japan,” 2019, doi: 10.1029/2018JG004513.




v TRABAJOFM
> .pytest_cache
> venv
D — — > config
ISCUSSION cirend
@ 01_explore.ipynb
@ 02_build_inputs.ipynb
@ diffuse_load_monte_carlo.ipynb

« ~10.000 Python lines, fairly complex but shared ...

¥ read_MDA.ipynb

https://github.com/bvorak/swat pipeline

W sensitivity_stats.ipynb

 transparent, automatable and extendable

> _pycache_

« Use it in server for MonteCarlo simulations
» Extended calibration will improve the method

% dashboard_helper.py
[# dashboard.py
7 Z graphs.py
% io_fig.py
% mc_engine.py

% mc_spec.py

% provenance_report.py
% provenance.py

% raster_agg.py

[4] C. Schurz et al., “A sensitivity and uncertainty analysis for discharge and nitrate-nitrogen loads ® rch parsery
under future changing conditions,” 2019, doi: 10.5194/hess-23-1211-2019. sl

% realizations.py




