|FUNCEME

From Watershed to Reservoir:

A Coupled SWAT-CE-QUAL-WZ2
Assessment of Dairy Farming Effects
on Phosphorus Dynamics In the
Brazilian Semiarid

Joao Dehon Pontes Filho, Daniel Cid, Dario Macedo Lima, Renan Vieira Rocha, Luciana Cesar Torres

de Melo Lima, Caio Silvio Braz Peixoto da Silva, Pedro Eymard Albuquerque Aragao, Ana Lucia
Gées D'Assumpcao

Ceara Meteorology and Water Resources Foundation (FUNCEME) - Brazil

Shodell

15-19 JUNE 2026 - THESSALONIKI, GREECE



® 4
‘ X GOVERNODo

G};/ EsSTADO po CEARA

Secretaria dos Recursos Hidricos

|FUNCEME

Project

Operational Implementation of the Water Quality Modeling
Methodology for Reservoirs in the State of Ceara

Objectives

In-situ data monitoring

Water Quality Modeling
Cenarization and early warning

Financing

World Bank

CNPq (Brazilian agency that
promotes scientific research)

A Reservoirs
¢ Flow gauges
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Basin Vulnerability and
Nutrient Dynamics

Context: Semi-arid reservoirs exhibit extreme
vulnerability to eutrophication driven by high
hydro-climatic variability, extended dry periods,
and low water renewal rates.

The Variable: Dairy farming is a critical
economic activity in the Edson Queiroz basin
(1,777 km?). It represents a primary diffuse source
of phosphorus (P).

The Mechanism: Phosphorus export is highly
seasonal, dependent on the hydrological
connectivity between source areas
(pasture/corrals) and the drainage network
during the short wet season.



Land Use Tendency

16% increase in Past
in 6 years
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A oS RO e |
CLASSES TOTAL  RESERVATORIOS :wp‘m
> 150 ha ‘ total

| ha ha |

Caatinga Arbérea 3.703,00 617,89 16,7
Vegetagdo Aquatica 242,00 136,08 56,2
Caatinga Arbustiva 41.524,00 2.345,61 5.6
A i 13.107,00 1.293,96 99
Area Urbana 201,00 23,18 11,5
Agua 180,00 71,14 39,5
TOTAL MAPEADO 58.957,00 4.487,86

Baborato pels GEPEM/FUNCEME NOV. 2025
Forka: wagens SENTINEL 2 6acas oo 2018
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MUNICIPIO DE PIQUET CARNEIRO-CE
COBERTURA E USO DA TERRA
ANO BASE :2024

Localizagio de Piquet Carneiro no Ceard

10 DE PIQUET C CE
APP AO LONGO ——
DoOs RIOgRE'o % de APP em £3
CLASSES RESERVAT! S relagdo a drea
LEGENDA > 150 ha total
Classes ha CEARA
. Caatinga Arbérea | 1.390,30 49,84 36
i Vegetagdo Arbérea Vegetagiio Aquatica | 42331 251,99 595 2
i - W Vegetagdo Aquatica Caatinga Arbustiva 34.172.40 1.757,00 5.1 ]
X % Agropecuaria | 2214459 2.101,00 95
Caatiga Arbustiva Area Urbana 20159 14.92 5.1
W Agropecuaria Agua | 549,44 309,98 56,4
mArea Urbana TOTALMAPEADO | 58.97163 448473 —
mAgua
M Agropecudria situada em APP Apea ToTAL DA APP | Caatinga Arbérea | Vegetagio Aquética | Caatinga Arbustiva | Agropecudria | Area Urbana Agua
‘. /AO LONGO DOS RIOS
~Drenagem Superficial E ma:v';m‘ ) Ha n“ %) Ha [ %) | Ha “ oo | o™
;. o g >
Rodovia 4.484.7 29.84] 111 25100 562 1.757.00]  39.18| 2.101,00] 46,8479 1402 033 300,98 6.0110] 100
[ Limite Municipal Elstorado prio GEPEM/HUNCENE NOV 2025
Fore: Imsacrs SENTINEL 2, doen de 2034







Coupling Model

Framework

SWAT 2012
Basin Hydrology, Land Use

Management, & P-Export. [~

Outputs: output.rch - Daily
flow and mass flux

Soil & Water SWAT ;
N Assessment Tool

FlowQual (FUNCEME)

Data Translation Algorithm.

Converts SWAT outputs to
.npt tributary files
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CE-QUAL-W2

2D Hydrodynamics &
Eutrophication modeling in
the reservoir.

Reservoir initial conditions and structural parameters were held constant across
all simulations to isolate the impact of basin-level management changes.
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Parameterizing Livestock Dynamics in SWAT
Information Flow
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The Single Cow Model H Stocking rates (AU/ha)
|
Pasture Corral
A Y/ =
B W <
Dry season Pasture Manure Accumulation Rainy season
BIOEAT (Biomass consumed) Reapplication op_fert()
MANURE_KG (Manure deposited FRT_KG (Amount applied)

directly during grazing operation) FRT_SURF (Surface fraction)
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Mechanisms of Production Growth:
Expansion vs. Intensification

S2 - Intensification S3 - Expansion

Density Driver. Increases localized phosphorus load and Spatial Driver. Increases total area of diffuse phosphorus
runoff (CN2+3) but fragments application timing (4x/year) generation and runoff potential by removing native
and limits spatial footprint. vegetation.
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Mechanisms of Environmental Recovery:
Restoration vs. Sustainable Farming

S4 - Conservation Restoration S5 - Sustainable Farming

Native Caatinga Vegetation

Land Use Driver Management Driver
Reduces total pasture area and associated Maintains production levels while reducing
phosphorus generation and runoff potential by surface runoff (CN2-5) and phosphorus export
restoring 25% of the area to native vegetation. throuah controlled fertilizer application and

Integrated Crop-Livestock-Forest System (ICLFS)




The Scenario Trajectory Matrix
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. o Stocking Rate Manure Hydrology

Scenario Objective Land Use (AU/ha) Management

) e : Seasonal grazing + .
S1 - Current Situation Baseline No change 0.70 1 annual application Baseline
S2 - Moderate +15% More corral time + 4 CN2 +3
Intensification Production No change 0.805 annual applications (Compaction)

" ; +15% 15% Caatinga Land use
S3 - Pasture Expansion Bradiiction t Pastiifa 0.70 Equal to ST change
S4 - Conservation - 50% 25% Pasture 0.25 Grazing only (no Land use
Restoration Production  to Caatinga ; corral application) change

. o Controlled

S5 - Sustainable Maintain Sk CN2-5
Farming Production No change 0.70 application, lower (Improved)

FRT_SURF (0.2)



Basin-Level Hydrological and

Biogeochemical Responses

Surface Runoff

S1

S2

S3

-4%

-9%

0%

S4

S5

10%

-30% -20% -10% 0% 10% 20% 30%

S1

S2

S3

S4

Total Sediment Loading

0%

8%

6%

S5

-30% -20% -10% 0% 10% 20% 30%

|FUNCEME

2 GOVERNODO
&P EstapOo po CEARA

Secretaria dos Recursos Hidricos

Organic Phosphorus

S1

S2

S3

-52%

-52%

0%

26%
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S5

-150%-100% -50% 0% 50% 100% 150%

Key Insight: S3 (Expansion) generates the most severe pressure at the basin scale. S5
(Sustainable) achieves simultaneous reductions in runoff, sediment, and phosphorus
export despite maintaining S1 stocking levels.

1669



Distribution of trophic-state

classes by scenario

S1 - Current Situation

S2 - Intensification

S3 - Pasture Expansion

S4 - Conservation Restoration

S5 - Sustainable Livestock

0%

TSI class and range

50%
Days in each class (%)

75%

. Ultraoligotrophic (TSI = 47) . Oligotrophic (47 < TSI = 52) Mesotrophic (52 < TSI = 59)

B Eutrophic (59 < TSI = 63)

Supereutrophic (63 < TSI = 67) [l Hypereutrophic (TSI > 67)
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Trophic State
Index (TSI)
proposed by
Carlson (1977)
and adpated by
Lamparelli (2004)
for brazilian
reservoirs



Reservoir Propagation:
Integrated Water Quality Ranking

S1 - Current Situation

S2 - Intensification |-
S3 - Pasture Expansion
S4 - Conservation Restoration

S5 - Sustainable Livestock

0 25 50 75 100
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L. (ﬁ_
/’ f\ ’

&P Estapo po CEARA

R Secretaria dos Recursos Hidricos

|FUNCEME

Context:

Ranking based on normalized
total phosphorus, 90th percentile
TSI, and frequency of Class 2 limit
exceedances over a 365-day
simulation.

Observation:
Lower score = better relative
performance.

resulted in better water
quality ranking than S, likely
due to the temporal partioning
of applications altering
phosphorus dynamics



The Synthesis:
Decoupling Production from Degradation
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Insight: The audience assumption is that S4
(abandoning 25% of pasture, dropping AU/ha
to 0.25) is the only path to recovery.

The Data: S5 matches S4's environmental
efficacy while S
maintaining the baseline economic
production (0.70 AU/ha).

Conclusion: Water quality optimization is a
function of hydrological and nutrient
management (CN2 improvement, lower
FRT_SURF), not strictly a function of cattle
population.



Implications for Basin Management

1. Halt Spatial
Expansion. S3

Protecting Caatinga is
not merely a biodiversity
objective; it is a critical
hydrological safeguard.
Expansion (S3) presents
unacceptable
eutrophication risks.

2. Prioritize
Optimization over
Reduction. S5

Transitioning to
integrated systems
rotational grazing, and
controlled manure
application yields the
same water quality
benefits as conservation
restoration, ensuring
higher socioeconomic
viability.
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3. Temporal
Nutrient
Management.

The highest reservolir
Impacts occur during
early wet-season
connectivity. Manure
application schedules
must be explicitly
calibrated to avoid
surface availability
prior to heavy
precipitation events.
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Conclusion

\ ’__/
The unidirectional coupling of SWAT 2012 and CE-QUAL-W2
demonstrates thatfuture water security in semi-arid reservoirs

depends heawlu specific Iarﬂuse trajectories.

Sustainable livestock management provides a viable pathway to
reconcile economic production with the rigorous protection of
water quality, neutralizing the diffuse phosphorus loads that

drive systemic eutrophication. SWAT

@59375 QCNP q @ THE WORLD BANK
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