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Introduction

< Ecosystem services — benefits humans
obtain from ecosystem

> Supporting services (nutrient recycling, soil formation)
> Provisioning services (food, raw materials, energy)

- Regulating services (pollination, pest and disease
control)

o Cultural services (ecotourism, therapeutic)



Introduction

2> Application of ecosystem services in
water management

2 Problem:

o

exploitation of one ecosystem service
may lead to the deterioration of another




Objectives

= To identify the link between water
management options and ecosystem

services
< Determine how the ecosystem

services change when certain
management actions are applied

2> To develop a trade-off tool using
Bayesian belief network



Materials and methods

o Study area

Guayas River basin
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Study area

Legend
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Estimating ecosystem services through
modeling

- Bayesian belief networks (BBNs)

> Probabilistic graphical model

- Presented as directed acyclic graph

- Nodes represent discrete(ized) variables
- Arrows Iindicate causal relations

- Conditional probability table displays
conditional probabilities of a single
variable wrt others
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BBNSs in estimating ecosystem services

(ESS)

2 Advantages
- Easy
interpretation,

visualization
> Flexible with

available data

- Can be applied
as a trade-off tool

2> Disadvantages
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Modelling
> General layout of BBN for ESS
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Modellin

g ESS

Defining variables

Altitude Precipitation Soil texture Landuse Flow velocity
Management variables
Fertilizer Pesticide

Biophysical structure

Provisioning functions

Regulating functions

Cultural functions

Functions
Food production Fresh water Ecotourism/Recreation
Services
\ 4
Food Water provision Enjoyment

Benefits




Input data
Nodes  Jlput

Altitude Data (shape files)

Precipitation Data (shape files)

Soil texture Data (shape files)

Land use Data (shape files)

Flow velocity Data (field work)

Fertilizer Data & expert knowledge
Pesticide Data & expert knowledge

Crop Literature

Chemical water Data (measured pesticide residue & chemical
quality attributes of water)

Biological water Data (field work)

quality

Food production Literature & expert knowledge
Water provision Expert knowledge (rule-based)

Ecotourism/recreatio Expert knowledge (rule-based)
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Data collection

Physical-chemical

variables (e.g. rl
velocity, pesticide)

Biological data
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Model development

Altitude Precipitation Soil_texture Landuse Flow_velocity
Coast 722 Low (<1000 mmly) 7.00 Loam 228 Nature 126 Low 51.2 ‘
Lowland 183 Medium (1000-2000 mm/ly) 50.0 Clay loam 203 ] Urban 0.88 Medium 392
Highland 9.50 High (>2000 mmJy) 43.0 Sandyloam 153 m; Agriculture  86.5 High 964 m |
icnead c.c 0382+ 0.41
L
Crop_type Fertilizer Pesticides
- ot intensive 323 intensive 264
g::ao gg:g non intensive  67.7 mt non intensive  73.6 m
Com 122

Chemical_water_quality

Bad 492
Moderate 37.4

Good 134

Water_provision

cooking 130
hygienic  15.9
imigation  26.8
notusable 443

L

Biological_water_quality

Verybad 274

Bad 172
Poor 20.0
Moderate 18.6
Good 16.8

56.7 £ 51

y

Ecotourism/ Recreational

High 451 i
Low 54.9 i




Sensitivity analysis

2 Water provision
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Sensitivity analysis

< Food production

Ecotourism

Biological water quality
Water provision
Chemical water quality

Soil texture
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Sensitivity analysis

- Ecotourism/recreation

Food production
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Management options

| Altitude Precipitation Soil_texture Landuse Flow_velocity
Coast 51.0 |— Low (<1000 mmiy) 586 1 1 Loam 198/m & | Nature 126 Low 512
Lowland 150m; | | Medium (1000-2000 mmdy) 30.5 i Clay loam Zr3 %[ Urban 0.88 Medium 392
Highland 319) | | | High (>2000 mmly) 636 Sandyloam 113 L Agriculture 86,5 High 964 |
= i L 0.382+0.41
Crop_type | Fertilizer Pesticides
Rice 950 | intensive 65.8 intensive 546
Cacao i 0 non intensive  34.2 non intensive 454 i
Corn 4.08

<200 0

Food_production_USD_ha,

Chemical_water_quality
Bad 50.7 —
Moderate 258
Good 146
Water_provision
cooking 110m; |
hygienic 128 ]
irrigation 216
notusable 537

3
Biological_water_quality
Verybad 298
Bad 17.8
Poor 206
Moderate 17.5
Good 143
528+49
Y

Ecotourism/ Recreational

High 422 i
57.8 _

Low




Management options

Altitude Precipitation Soil_texture Landuse Flow_velocity
Coast 722 jmmmmiem | | Low (<1000 mmy) 7.00p | Loam 228 pm Nature 185 Low 440 [
Lowland 183 m: | ! Medium (1000-2000 mmfy)  50.0 Clayloam 203 P Urban 073 Medium  39.9
Highland 950m { | i High (2000 mmiy) 43.0 i Sandyloam 153 i Agriculture  80.8 High 15.2m
Other 416 i 0.457 + 0.47
3
Crop_type Fertilizer Pesticides
Rice 48 5 mm intensive 30.0 intensive 24.0
Cacao 33,3 nonintensive  70.0 nonintensive  76.0
Corn 122

<200 0

Food_production_USD_ha_y

Chemical_water_quality

Bad 318
Moderate 482
Good 20.0
Water_provision
cooking 182 mi
hygienic 215 f
irrigation 317
notusable 286

3

Biological_water_quality
Very bad 0
Bad 7.61
Poor 222
Moderate 33.0
Good 372

955+ 49




Conclusions

2 A trade-off tool was developed using

BBN
<> The developed model was able to

identify the link between water
management options and ecosystem

services
2 The model facilitate the determination

of changes of ecosystem services
when certain management actions

are applied



Further studies

< Incorporation of other crops (e.g.
Banana and palm)

2 Addition of other ecosystem service
(e.g. energy production, wood
production)

> Model validation

= Incorporation of other defining
variables for pesticide and fertilizer
(farm size, farming type)
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