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Objectives

* To quantify sediment dynamics and
nutrient export under baseline
conditions across the Canale
d’Aiedda basin;

* To evaluate the effectiveness of
individual and combined NBSs
scenarios in mitigating diffuse
pollution loads discharged into the
Mar Piccolo;

* To assess the economic efficiency of
NBSs implementation through a
benefit—cost analysis (BCA) at the
basin scale.
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Study Area: Canale d'Aiedda Basin

* Area: 222 km? basin in Puglia Region
A | * Main channel length: 29 km
fome o Average altitude: 168 m a.s.1.
|+ Mean slope: 2.7°
* Average precipitation: 621 mm yr!

* Three wastewater treatment plants

G;ugf Stations . PR Y P2 (WWTPS):
A > . Grohagle———prancanta ST Montemesola (W1) (7000 e.i.)
Y - > Monteiasi (W2) (49566 e.i)
Point Sources (WWTP) " . . . .
& San Giorgio lonico (W3) (32164 e.1.)
b \ * Mediterranean climate
[Jessin aranto. s,
::":81 « Main land uses: vineyard (36.3%), olive

SO B 198 7 o, ST 2 e s grove (24.5%), durum wheat in rotation

M With aromatic herbs and fallow (28.1%).
Natural land uses (6%).



Monitoring plan

Two gauging stations for streamflow
monitoring

« Data logger (MDS Dipper-PT, © 2019 Seba
Hydrometrie): August 2017 — December 2021

Suspended sediment and water quality discrete
measurements

e Sediment and Nutrients
(30 sample, + two per month, 2 sites)

* Pesticides
(24 sample, two per month; 566 substances were
investigated)
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MDS DIPPER-PT

Components of flow gauge station
A) Water level staff gauge

B) Water stage and temperature sensors
C) Sensor case (MDS DIPPER-PT)

D) Closing cap

E) USB cable

F) Laptop




In o]V t Data Input Source Resolution

BD/Ilf(lit:ll Terrain Puglia Region (http://www.sit.puglia.it) 8 X 8 m
— Land use map Puglia Region (http://www.sit.puglia.it) 1:5000
Land use National Agricultural Census
————y (http://censimentoagricoltura.istat.it/index.php?id —
Soil type ~73)
- Soil map and Puglia Region (2001) 1:100000
s | Topography database JRC-ESDAC SO0 % 500
‘ (https://esdac.jrc.ec.europa.eu/resource- m
Weather typc/Flatascts) '
: Apulian Water Authority (Personal
Point sources . -
communication)
WWTP Regional Agency for Environmental Protection
Discharge (http://www.arpa.puglia.it/web/guest/depuratori)
Puglia Region (http://www.sit.puglia.it)
) Meteorological Civil Protection Service - Puglia Region
Agrlcgltural data (https://protezionecivile.puglia.it/) B
practices Regional Agency for Irrigation and Forestry

Activities (http://www.agrometeopuglia.it/)
Agricultural practices Interviews with farmers and agricultural advisors
(D'Ambrosio et al., 2019)




Methodology: SWAT model

Input data

1

Land use

Soil type

Topography

Weather

E—

WWTP
Discharge

Agricultural

practices

a Continuous streamflow observed N

data.
(2017-2021)&
Discrete observed data of

\_ suspended sediment, TN and TP/

/

40 Sub- basins (Threshold
of 350 ha)

SWAT+ watershed configuration

(¥

Model calibration of Streamflow,
suspended sediment, TN and TP

\

)

Nature-Based Solutions (NBSs)




Schematic Flowchart of Methodology

SWAT Model Setup
Input:

DEM

Land use > SWAT

Soil data

Daily climate data 1
o Streamflow Calibration
* Sediment Yield e (SWAT-
* Nutrient Load CUP)

Economic Analysis

}

* Implementation Costs
* Operational Costs
* Costs-Effectiveness

Nature-Based Solutions Scenarios

|

Vegetative

Filterstrips (VFS) — FILTERW.mgt

Assessing Results

Contour Farming . CN2.mgt
(CF) USLE.P.mgt
Combined VFS + | FILTERW.mgt
CF CN2.mgt
USLE.P.mgt

» Sediment Yield Reduction
* Total Nitrogen (TN) Reduction
* Total Phosphorus (TP) Reduction

The SWAT model was developed for the Canale
d’Aiedda basin using spatial, soil, land-use,
meteorological, and management data, and was
calibrated with observed streamflow, sediment,
and nutrient data to support reliable scenario
analysis.

The VFS, CF, and VFS + CF scenarios were
implemented in SWAT by modifying parameters
according to literature-based assumptions.

Each NBS scenario was compared with the
baseline to evaluate reductions in sediment and
nutrient loads.

Finally, an economic analysis was performed by
estimating implementation and operational
costs, together with the cost per unit reduction
of sediment and nutrients at the watershed
scale.



Implementing Nature Base solutions Using SWAT

What Are Nature-Based
Solutions (NBS)?

NBS in the agriculture sector s
proposed as “the use of natural
processes or elements to improve
ecosystem functions of environments
and landscapes affected by agricultural
practices, and to enhance livelihoods
and other social and cultural functions,
over various temporal and spatial

scales.”

Nature-Based
Solutions

Vegetative Filter
Strips (VFS)

Contour Farming
(CF)

Combined VFS+
CF

Description

Strips of permanent
vegetation established
downslope of
cultivated fields or
along watercourses to
intercept surface
runoff

Tillage and crop
planting performed
along contour lines

perpendicular to slope
direction

Integrated
implementation of
contour farming with
vegetative filter strips
downslope

Parameters

V_FILTERW.mgt

V_CN2.mgt
V_USLE P.mgt

V_FILTERW.mgt
V_CN2.mgt
V_USLE P.mgt

Expected
water-quality
effects

Reduced
sediment yield
and particulate

nutrient transport

(TP, TN)

Reduced soil
detachment and
sediment
mobilization

Maximum
reduction in
sediment and

nutrient export
through
combined source

Application
Scale

Field Edge

Field

Field to sub-
catchment



Results: SWAT Model Vs e 29

R NSE PEIAS R2 NS PBIAS
FLOW OUT 0.60 0.58 +23.00 0.50 0.50 0.00
. SED OUT 0.99 0.98 +15.80 0.97 0.88 -0.60
Key Performance Metrics
™ 0.72 0.59 -5.0 0.75 0.73 -14.90

v’ Streamflow calibration: Good performance at P 0.90 0.77 +35.50 0.83 0.83 +8.00
gauge B (R? = 0.60, NSE = 0.58) and satisfactory at R — R—
gauge A (RZ — 0.50’ NSE — 0.50) ” R2=0.8307 " R2=0.7452 . . R2=0.969

v' Sediment modeling: Strong agreement at both . £ : "
gauges with basin-wide annual sediment load of : P : o 4 : g

fé.”& /
0.027 t ha™ ¢
, ‘4,%.9 .° o ’ 0 aso
. . . . . ’ Observsed (kg) ° ’ Obse:jed (kg) e ’ Obseoy.:ed (t)

v" Nutrient simulation: Excellent TP calibration at BRI W27 L
gauge A, good TN performance at gauge A with a - 7
acceptable results at gauge B . . i )

5 j 5 :’f,a’ .
2y ;
o Mal o b x4
’ Obser\?:d (kg) . ’ Obseri:d (kg) 0 ; Obse:\tl)ed (t) =

Daily simulated and observed TP, TN, and sediment gauge B (b,d,f) and gauge
A (a,c,e)



Results: Nature-Based Solutions

Nature-based solutions Scenarios

VFS-1m
Vegetative Filter strips VFS-3m
(VFS) VFS-5m
VFS-10m
VFS-30m
CF(0-7.2%)
Contour Farming (CF) CF(7.2-21%)
| CFAl
VFES-1m+
Vegetative Filter Strip \(fjlfs(ﬁrlrlll
(VFS)+ Contour
: CF(All)
Farming (CF) VES. S

CF(All)

Sediment
Reduction

21%
29%
34%
42%
57%
17%
8%

25%
37%

41%

44%

Total
Nitrogen
Reduction

9%
13%
15%
19%
27%

5%

1%

6%
14%

16%

18%

Total
Phosphorus
Reduction

19%
26%
30%
37%
51%
16%
4%

20%
32%

36%

39%

» This table presents the basin-scale percentage
reductions of sediment, total nitrogen, and total
phosphorus under different NBS scenarios. Among
the individual VFS scenarios, pollutant reduction
increased as the filter-strip width increased.

» VFS-1 m reduced sediment, TN, and TP by 21%, 9%,
and 19%, respectively. The highest reductions
among the individual VFS scenarios were obtained
with VFS-30 m, which reduced sediment, TN, and
TP by 57%, 27%, and 51%, respectively.

» CF showed lower reductions than VFS, especially
for nitrogen. CF applied on 0-7.2% slopes
reduced sediment, TN, and TP by 17%, 5%, and
16%, while CF applied on 7.2-21% slopes
reduced them by 8%, 1%, and 4%.



Results: Nature-Based Solutions

Nature-based solutions = Scenarios Sediment
Reduction
VEFS-1m 21%
Vegetative Filter strips VES-3m 29%
VFS-5m 34%,
(VFS)
VFS-10m 42%
VFS-30m 57%
CF(0-7.2%) 17%
Contour Farming (CF) CF(7.2-21%) 8%
| CF(All 25%
VES-Im+ 37%
Vegetative Filter Strip CF (All)
VFS-3m+ 41%
(VFS)+ Contour
F . CF CF(All)
arming (CF) VFS-5m+ 44%
CF(All)

Total
Nitrogen
Reduction

9%
13%
15%
19%
27%

5%

1%

6%
14%

16%

18%

Total
Phosphorus
Reduction

19%
26%
30%
37%
51%
16%
4%

20%
32%

36%

39%

» When CF was applied to all considered slope

classes, the reductions increased to 25% for
sediment, 6% for TN, and 20% for TP.

The combined VFS + CF scenarios performed
better than the individual low-width VFS and CF
scenarios. VFS-1 m + CF-All reduced sediment,
TN, and TP by 37%, 14%, and 32%, respectively,
while VFS-5 m + CF-All achieved the highest
combined reductions of 44%, 18%, and 39%.

Combined scenarios were limited to VFS widths
up to 5 m because this corresponds to the CSR
Puglia 2023-2027 buffer-strip requirement near
watercourses, while wider VFS widths were used
only to test sensitivity to buffer width



Sediment Yield:

SED (t/ha)
[ ]o.000-0.065
[ 0.065-0.238
I 0.238 - 0.546
I 0546 - 0.983
B o.sc:- 1971

e Kilometers
012 4 6 8

This slide presents the spatial distribution of
sediment yield across the Canale d’Aiedda Basin:

The baseline sediment yield ranges from
0.983-1.971 t ha™ yr™' (A1), identifying critical
erosion hotspot sub-basins.

= VFS(1m, A2): 0.546—0.983 t ha™'yr,
achieving up to 48% reduction.

= CF (All Slopes, A3): 0.238-0.546t ha ' yr™,
achieving up to 73% reduction.

= VFS + CF (1 m + All Slopes, A4): 0.065—
0.238 t ha ' yr™', achieving the highest
reduction of 90%.

At the basin scale, the annual average loads were

estimated as 0.204 t ha™ yr™" for sediment



Total Nitrogen:

TN (kg/ha)
[ ]o233-0.854
[ ]os8s4-2833
B 2e33- 4303
B < z03-7.040
B 7 os0-9.133

Kilometers

The baseline Total Nitrogen load ranges from
7.049-9.133 kg ha™' yr' (B1), identifying the
most nutrient-intensive sub-basins.

= VFS (1 m, B2): Reduced Total Nitrogen loads
to 4.303-7.049 kg ha™' yr™!, achieving up to
30% reduction.

= CF (All Slopes, B3): Further reduced loads to
2.833-4.303 kg ha™" yr™', corresponding to
up to 56% reduction.

= VFS + CF (1Im+ All Slopes, B4): Achieved the
lowest Total Nitrogen loads of 0.854—2.833
kg ha™ yr™!, providing the highest reduction
of 77%.

At the basin scale, the annual average loads were

estimated as 2.666 kg ha™' yr~' for total nitrogen



Total Phosphorus:

The baseline Total Phosphorus load ranges from
1.140-1.651 kg ha™ yr™', highlighting sub-basins
with the highest phosphorus export.

= VFS (1 m, C2): Reduced Total Phosphorus
loads to 0.657—-1.140 kg ha™ yr™, achieving up
to 36% reduction.

= CF (All Slopes, C3): Further reduced loads to
0.429-0.657 kg ha™ yr™, corresponding to up
to 63% reduction.

= VFS + CF (1Im+ All Slopes, C4): Achieved the
lowest Total Phosphorus loads of 0.111-0.429
kg ha™'yr™!, providing the highest reduction of
81%.

TP (kg/ha)
[ ]o.029-0.111
] o111-0.429
B 0.429 - 0.657
B o6s7-1.144
R estimated as 0.041 kg ha™' yr™' for total phosphorus.

Kilometers
0 2 4 8 12 16

At the basin scale, the annual average loads were




Methodology: Economic Analysis

[ Select Scenario J

1

> VFS (5m)
> CF (All)
> VFS (5m) + CF (All)

[ Estimate Costs J

1

» Implementation cost
» Loss Income
» Crop Production Cost

[ Benefits J

f
» CAP Payments

> Soil-loss and Nutrients
Retention

k> Gross Farm Return

)

e

U

Benefit-Cost Ratio (BCR)

N

BCR was computed as the ratio of monetized annual benefits to annual costs.
BCR > 1 indicates economic justification while BCR < 1 indicates costs exceed monetized returns.

BCR = Total Annual Benefits (€ yr™') / Total Annual Costs (€ yr™)

>




RESULTS:

Component

Implementation
cost

Loss Income
Vineyards

Loss Income Olive

Loss Income
Wheat

Crop production
cost (Vineyards)

Crop production
cost (Olive)
orchards

Crop production
cost (Wheat)

Total Costs

COSTS (€ yr™)

VFS (5m)

176,800

278,905

38,925

10,600

56,680,000

14,290,500

3,255,600

74,731,330

CF (All Slopes)

504,780

56,900,000

3,267,600

60,672,380

VES + CF

681,580

278,905

38,925

10,600

56,680,000

14,290,500

3,255,600

75,236,110

= The benefit-cost analysis (BCA) results show that all

three NBS scenarios were economically viable, with
BCR values above one: 2.14 for VFS, 2.26 for CF, and
2.14 for VFS + CF. Total annual costs ranged from
€60.67 M to €75.24 M, mainly dominated by crop
production costs, while direct implementation costs
remained low at 0.24% for VFS, 0.83% for CF, and
0.90% for VFS + CF.

However, VFS involved a loss farm income of about
€328,430 due to the conversion of productive
agricultural land into buffer strips, which may reduce
its attractiveness for individual farmers. In contrast, CF
is more scalable because it modifies farming practices
without removing land from production.



RESULTS:

Component

Direct CAP
payments —
Vineyards & Olive

Direct CAP
payments — Durum
wheat

TN nutrient retention
value

TP nutrient retention
value

Soil loss reduction
value

Gross farm return —
Vineyards

Gross farm return —
Durum wheat

Gross farm return —
Olive orchards

Total Benefits

Benefit-Cost
Ratio (BCR)

BENEFITS (€ yr™)

VFS (5m)

9,250

5,000

45.968

1.8564

353.6

128,536,070

6,131,380

24,885,885

159,567,957

2.14

CF (All Slopes)

1,200,590

574,553

2296.749

90.8604

16.826

129,034,975

6,153,980

136,965,391

2.26

VFS + CF

1,209,840

579,553

2693.808

113.9688

20.721.6

128,536,070

6,131,380

24,885,885

161,365,134

2.14

Annual monetized benefits exceeded costs in all
scenarios, with net benefits of €84.8 M for VFS,
€76.3 M for CF, and €86.1 M for VFS + CF. Gross
farm returns were the main benefit source,
accounting for about 99.99% (VFS), 98.70% (CF),
and 98.88% (VFS + CF) of total benefits.

The combined VFS + CF scenario achieved the
highest net benefit and ecosystem-service value
by combining in-field runoff control with
downslope pollutant interception. Although CF
had the highest BCR, the combined scenario
provided the greatest overall environmental and
social benefit at the basin scale.



Conclusion

JSWAT model performance: The calibrated SWAT model showed
satisfactory performance in simulating streamflow, sediment yield,
total nitrogen, and total phosphorus in the Canale d’Aiedda basin.

(A SWAT model reliability: The model successfully represented the main
hydrological and water-quality processes of the basin, making it
suitable for identifying pollution hotspots and testing management
scenarios.



Conclusion

(INBSs effectiveness: Among the individual measures, VFS showed
stronger effectiveness for sediment and phosphorus retention,
while CF provided lower but still relevant reductions through runoff
and soil-detachment control. The combined VFS+CF scenario
produced the highest overall reductions in sediment, TN, and TP.

(JEconomic analysis: All three NBSs scenarios are economically
viable because their BCR values are greater than 1, but VFS + CF is
the best overall option because it gives the highest net benefit and

strongest environmental benefits.
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