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1. Introduction
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Environmental Effectiveness of schemes (based on meta-analysis) 

PESFOR-W Manual, 2021



Best agricultural 
practices on water 
quality

• Fertilizer incorporation, 
conservation tillage and 
Filter Strips

• 25% reduction in 
sediments and nutrient 
export

4



2. Project
structure
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Trees4Water - Tree-based solutions for water quality improvement

1. Tree-based 
solutions: 

modelling (SWAT) 
with forestation 

scenarios for water 
quality improvement

2. Cost-effectiveness 
analysis of tree-based 

solutions
 

Improvement of river’s 
ecological status

Stakeholder involvement and co-design 
Communication outreach

Cávado
Sabor

Tree-based solutions Hydrological modelling Water quality Cost-benefit analysis



• To evaluate the environmental effectiveness of 2 riparian forest 
buffer scenarios in reducing sediments and nutrients to the rivers 
using SWAT

• To calculate the cost-effectiveness of the of 2 riparian forest 
buffer scenarios

3. Objectives



4. Data and
Methods

Cavado Basin

Study area

SWAT Calibration 
and Validation

Scenarios
Data
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Cost-effectiveness 
Analysis

€



A) Study area

❖ Area - 1581 km2

❖ Annual precipitation is
1300 mm

❖ 9 dams located
❖ Soil classes were 

aggregated into 8 
groups

❖ Land covers were 
aggregated into 16 
groups

❖ Three classes of slope

Cávado River Basin



B) Data
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Parameters Description in SWAT Initial 
value

Calibration

Groundwater
Cn2 Curve number for 

moisture condition II
Various -10

Reservoir
      RES_D50

RES_NSED

Grain size of 
sediments

Equilibrium sediment
concentration

0

1

20

0.9

Sediments
     USLE_K Erodibility factor 0.23 0.02

Nitrates
NPERCO Nitrate percolation

coefficient
0.20 0.97

Phosphorus
ERORGP Phosphorus

enrichment ratio
0 1.14

Modified SWAT general parameters for Cávado basin during calibration 
and validation period (1995-2001) with 3-year period of warm-upC) Calibration and

Validation



D) Riparian Forest scenarios development
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Ecological 
standards

D1) Opportunity Mapping

Lowlands with intensive dairy 
farming

D2) Creation of new land cover

❖ Two scenarios of 2.5 
and 5 m of riparian 
forest buffer

❖ Applied only in 10 
subbasins

❖ Create one more land 
cover class (SALG)

❖ Add SALG class that 
intersects in the 
Agriculture lands 
(areas more than 2 ha)

Species of riparian forest (SALG): 
Willow, Oak and native forest

Riparian 
Buffer 

Scenario Area 

2.5 m 29 ha

5 m 57 ha



TCpv= Total cost
Cplant =  cost of planting the forest
Cmaint = cost of forest maintenance
Copp = opportunity cost 
d = 3.24 interest rate of 10-year government bonds

EEj = environmental effectiveness or water quality 
improvement for pollutant j,
Pbt = pollution level in the water at time t in the 
baseline scenario (i.e. no forestation)
Pst = is the pollution level after the forestation 
scenario
T = lifespan considered for the scenarios. 

E) Cost-Effectiveness Analysis  

Cej =cost-effectiveness ratio for pollutant j
TCPV = present value of the total cost 
nP = number of pollutants
Eej = environmental effectiveness of the forestation scenario for pollutant j

i) Total cost  equation ii) Environmental effectiveness

iii) Cost-effectiveness ratio



5. Results

PBIAS (%): 14
NSE: 0.50

PBIAS (%): 14
NSE: 0.49

Satisfactory

Good

Performance
rating

Discharge
(m3/s)

Sediments
(Ton)



Satisfactory

Satisfactory

Performance
rating

Phosphorus
(kg)

Nitrates (kg)



Scenario

Total 
suspended 
sediments NO3 P 

2.5 m 5.3% 2.4% 1.8%

5 m 32.9% 4% 3.3%

Environmental
effectiveness

5. Results



Item
Cost(€)

(min)
Cost(€)
(max)

Cost(€)
(average)

1. Forest Plantation
17,680.13 265,202.01 61,880.46

2. Maintenance
363,017.58 499,149.17 431,083.38

3. Opportunity 
cost 0 2,414,072.63 1,207,036.31

Total cost 380,697.71 3,178,423.81 1,700,000.16

Item
Cost(€) 

(min)
Cost(€)
(max)

Cost(€) 
(average)

1. Forest Plantation 34,052.01 510,780.01 119,182.01

2. Maintenance
699,173.15 961,363.09 830,268.12

3.Opportunity 
cost 0 4,573,263.66 2,286,631.83

Total cost 733,225.16 6,045,406.78 3,236,081.96

Total costs

2.5m buffer (29 ha) 5m buffer (57 ha)

5. Results



CE
Nitrates 

(N − NO3)
Phosphorus

(P)
Sediments

(TSS)
Cost Min 13,631.83 196,913.31 398.25

Cost Max 113,811.41 1,644,018.11 3,325.02

Cost 
Average

60,872.75 879,313.52 1,778.41

CE
Nitrates 

(N − NO3)
Phosphorus

(P)
Sediments

(TSS)
Cost Min 16,950.55 209,328.24 123.53

Cost Max
139,756.5

5
1,725,901.45 1,018.52

Cost
Average

74,811.12 923,868.12 545.21

Cost-effectiveness Ratios (€/mg)

Least costly pollutant is sediment in both scenarios 

Phosphorus is the most expensive

2.5m buffer 5m buffer

5. Results



6. Conclusions
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SWAT was able to capture the hydrology of 
Cávado basin and support economic 
analysis

Riparian forest buffers demonstrate their 
ability to regulate pollutants

Sediments were the least costly pollutant 
to reduce in both scenarios 

The cost-effectiveness analysis is important 
to support the implementation of 
environmental financial schemes to 
protect the water bodies
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