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Carapina Water Treatment Plant
Vitéria, Espirito Santo, Brazil

Source: CESAN
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Increase in turbidity
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= Average turbidity almost doubled from 2002-03 to 2012-13
=  Maximum turbidity often exceeds plant capacity

Source: Espirito Santo Integrated Sustainable Water Management Project PAD Pagiola, World Bank, 2017 6



Effect of watershed degradation on

water treatment costs

0.07 ™ Water production 60 million m3
Cost increase: RS0.6 million/year ¢
_ 0.06 - .
” O
7T
S 2 0.05
S5 = B AR e
e< s
Dgg :I—R$0.01/m3 ’
=~ 0.03 i
.9 . "* 2002-2012
0.02 —= -
0 20 40 60 80 100 120

Average turbidity (NTU)

Source: Espirito Santo Integrated Sustainable Water Management Project PAD Pagiola, World Bank, 201/ [/



Effect of watershed degradation on

water treatment costs

0.07 — Costincreases with current production:
2022: USDO.3 million/year
2030: USDO.5 million/vear °
— 0.06 Cost increases with future production: .
% § (60 million m3 — 115 million m3 from 2018)
8 S 2030: R$2.0 million/year
> e 0.05 T 4 costs additional filters R$4 million/10 years — =
é_ é " . o * e _r._‘__ﬂ-f""f‘ - "
- 0.04 - % - = }R$0.01/m3
= E ____________
= 44 § RS0.01/m3| ¢
— 0.03 9 :
[* Projection
>+, * ¥ 2002-2012 | t02022
0.02 ——4 d > |
0 20 40 60 80 100 120

Average turbidity (NTU)

Source: Espirito Santo Integrated Sustainable Water Management Project PAD Pagiola, World Bank, 201/ 8



What is the problem?

Benefits to
land users

Costs to
others

<

<

Deforestation Conservation
and use for
pasture

Opportunity cost
of conservation

 Water
e Carbon

» Biodiversity

Pagiola, World Bank, 2017 9



PES as a solution

Benefits to
land users

Costs to
others

<

<

Deforestation

and use fo
pasture

 Water
= Carbon
» Biodiversity

r

Conservation
with PES

Net benefit to 1
participant

Payment

A

Net benefit to
service users

Pagiola, World Bank, 2017 10



Payments for Environmental Services (PES)

Payments that are conditional on
managing natural resources in ways
that generate benefits for others

Pagiola, World Bank, 2017 11



Two kinds of PES programs

= User-financed programs (“Coasian” PES):
Service

O

Service providers Service users

\_/

Payment

» Government-financed programs (“supply-side PES”):
Service

> Service users

Service providers

\/ Government

Payment

Pagiola, World Bank, 2017 12



Hybrid PES programs

= User-financed programs (“Coasian” PES):
Service

O

Service providers Service users

v Government

Payments

= Leverage economies of scale of national program,
incentives and information of user-financed program

= (Costa Rica
=  Mexico “Fondos Concurrentes”

Pagiola, World Bank, 2017 13



Types of PES Programs - Conservation

S/ha
---------------------------------------- gommmmmmmm-m-m-------=-Forest + PES
Non-forest
Opportunity cost J'Payment
. Forest
0 > Year

= Conservation-oriented PES (‘use-restricting’)
=  Most common type of PES
= Long-term payments (5-year, renewable)

= (Costa Rica PPSA (‘Protection’ contract)
= Mexico PSAB

Pagiola, World Bank, 2017 14



Types of PES Programs - Restoration

Agroforestry +

Agroforestry
Non-forest

» Year

I Pyt Forest + PES
“Payment Non-forest

Investment cost Opportunity cost . Forest

/‘/ > Year

Restoration-oriented (‘asset-building’)
Increasingly common
Often only short-term payments (1-5 years, one-time)

China SLCP Program
Costa Rica PPSA (‘Regeneration’ + ‘Conservation’ contract)
Espirito Santo Reflorestar Program

Pagiola, World Bank, 2017 15



Payments for Environmental Services (PES)

= What is PES?

= Experience in Latin America
= Does PES work?

= Putting PES into practice

Pagiola, World Bank, 2017 16



World Bank support to PES

of China
Bhutan

Y

Zhejiang Qiandao Lake and Xin’an River
Basin Water Resources and Ecological
Environmental Protection Project
(under implementation)

~f N1
M@gascar Climate Smart Management of Grassland

Ecosystems
(under preparation)

Since 1998 #
8 completed projects

12 projects under implementation (+ carbon projects)

2 projects under preparation

> USD 100 million a year

> 3 million ha of forest under conservation contracts

Pagiola, World Bank, 2017 17
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PES in Latin America

Costa Rica: PSA
1997

Colombia: Valle del Cauca

~1995
® Operating
® Proposed
® Completed
@ No data

] National programs

[ ] State programs in Brazil
Source: Camhi and Pagiola, 2010
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PES in Latin America

Costa Rica: PSA
1997

Colombia: Valle del Cauca

~1995
® Operating
® Proposed
® Completed
@ No data

] National programs

[ ] State programs in Brazil
Source: Camhi and Pagiola, 2010

4 i
i 5
da, World Bank, 2017 19



PES works on many services

Water Dominant

= [ocal
= 75% of PSAB

Carbon Growing

= Voluntary
= CDM
= REDD?

Biodiversity Few
= Search for synergy

Operating

Proposed

Completed

@ No data

] National programs

[ ] State programs in Brazil

Source: Camhi and Pagiola, 2010

o >
b 570
,_World Bank, 2017 20



PES works at many scales

PSAB (México): 2.3 million ha

San Pedro del Norte
(Nicaragua): 13.2 ha

Operating
Proposed
Completed

@ No data

] National programs

[ ] State programs in Brazil
Source: Camhi and Pagiola, 2010

4 S
i 5
da, World Bank, 2017 21



PES works with a variety of users

% A

b p T
'y L3
ﬁ\‘ :'

Hydroelectric power ___ %%
(public and private)

Domestic water supply
Bottlers

Agroindustry

Hotels

1 I
N
&b, World Bank, 2017 22
et



PES works with a variety of providers

Farmers, ranchers

* Small, medium, large
= Poor, rich

Ejidos

Indigenous groups

Operating
Proposed
Completed

@ No data

] National programs

[ ] State programs in Brazil
Source: Camhi and Pagiola, 2010

Protected
areas

Y

b 570
,_World Bank, 2017 23



PES works in many contexts

Forest frontier
(Amazon)

Margins of megacities
(Sao Paulo)

Operating
Proposed
Completed

@ No data

] National programs

[ ] State programs in Brazil
Source: Camhi and Pagiola, 2010

o EoS
W ——
»'5‘"@ a, World Bank, 2017 24



Payments for Environmental Services (PES)

= What is PES?

= Experience in Latin America
*= Does PES work?

= Putting PES into practice

Pagiola, World Bank, 2017 25



Kenya: Naivasha-Malewa Project

UpperfMalewa

Kanjogu

Mkungi Kityri

Lake
Naivasha

PES watersheds

km

0 10 20

Pagiola, World Bank, 2017 26



Mexico: Impact on reducing deforestation

= Alix-Garcia and others: Deforestation by PES
participants reduced fromQ@.8% to 0.4

va

* INE (Mufioz-Pina, 2012): feeuctonol

Non-
Deforestation 2000-07 Participants participants

Observed (%) 0.6\ 3.7
Estimated without PES (%) .6 3.7>

Need to improve targeting
= New impact evaluation underway

Pagiola, World Bank, 2017 27



Impact of PES on land use change

Regional Silvopastoral Project - Quindio, Colombia - PES Recipients

2007

2003

Tow ESI ‘ ‘ ‘ i : ‘ i “High EST
0% 10%  20%  30%  40%  50%  60%  70%  80%  90%  100%

Share of farm (%)

® Annual crops ¥ Degraded pasture

¥ Pasture with no or few trees Semi-permanent crops, fruit crops, coffee
Fodder banks Pasture with low tree density

™ Pasture with high tree density ® Intensive silvopastoral systems

B Plantations, scrub habitats, and forest
Source: Silvopastoral Project data Pagiola, World Bank, 2017 28



Impact of PES on land use change

Regional Silvopastoral Project - Quindio, Colombia - Control Group

2007

2003

Tow ESI i i i i 5 : i “High ESI
0% 10%  20%  30%  40%  50%  60%  70%  80%  90%  100%

Share of farm (%)

® Annual crops ® Degraded pasture

¥ Pasture with no or few trees Semi-permanent crops, fruit crops, coffee
Fodder banks Pasture with low tree density

® Pasture with high tree density ® Intensive silvopastoral systems

® Plantations, scrub habitats, and forest
Source: Silvopastoral Project data Pagiola, World Bank, 2017 29



Impact of PES on environmental services

Regional Silvopastoral Project - Quindio, Colombia
1.00

0.0 | BPSA +49%
® Control s

0.80

0.60 -
0.50
0.40 1T
0.30
0.20 -
010 -

Environmental services (points/ha)

0.00

2003 2004 2005 2006 2007

Year
Note: According to project’s environmental service index, which includes biodiversity and carbon
Source: Silvopastoral Project data Pagiola, World Bank, 2017 30



Impact of PES on water quality

Regional Silvopastoral Project - Quindio, Colombia

Biological Oxygen
Demand (BOD)

Turbidity

Ephemeroptera,
Plecoptera,
Trichoptera (ETP)

[ |Degradaded pasture Water quality
B Silvopastoral systems Worse

Source: Silvopastoral Project data

Pagiola, World Bank, 2017 31



Can the poor participate?

Regional Silvopastoral Project - Quindio, Colombia - PES Recipients

Change in land use Change in ESI/ha
(% of farm) (%)
income
High income 55% 67%

Differences are not statistically significant

Source: Pagiola, Rios, and Arcenas (2010)

Pagiola, World Bank, 2017 32



Do the results last?

Regional Silvopastoral Project - Quindio, Colombia- PES Recipients

2011

2007

2003

Tow ESI | | ‘ | ‘ i | “High EST
0% 10% 20% 30% 40% 50% 60% 70% 80%  90%  100%

Share of farm (%)

® Annual crops ¥ Degraded pasture

¥ Pasture with no or few trees Semi-permanent crops, fruit crops, coffee
Fodder banks Pasture with low tree density

™ Pasture with high tree density ® Intensive silvopastoral systems

B Plantations, scrub habitats, and forest
Source: Silvopastoral Project data Pagiola, World Bank, 2017 33



Do the results last?

Regional Silvopastoral Project - Quindio, Colombia

1.40

B PES recipients
B Control
1.00 +—

1.20

0.80

ESl/ha

0.40

0.20 -

0.00

2003 2007 2011

Source: Silvopastoral Project data Pagiola, World Bank, 2017 34



Payments for Environmental Services (PES)

= What is PES?

= Experience in Latin America
= Does PES work?

= Putting PES into practice

Pagiola, World Bank, 2017 35



From theory to practice

... and the economics

/

1. Understanding
the science... \

> lrrigation

e

Water users

—— Farmers =

association
Land users __ Hydrological _ | Hydropower | Hydropower ___, Electricity_
A effects production producer users
Domestic Water Water |
water supply company users
Payment

2. Charging service users —
3. Paying service providers

4. Establishing the institutional framework 6



Some lessons from experience

= Understand the problems
= Justifying the program

* Target payments

= Differentiate payments

= Evaluate the impact

Pagiola, World Bank, 2017 37



Challenges for all PES programs

= Understanding how to generate services

= |[mplementation arrangements

Pagiola, World Bank, 2017 38



Challenges for national programs

= Targeting
= Maps of eligible areas
= Differential payments

= Dealing with multiple objectives
* Prioritizing applications

= Bureaucratic/legal constraints

= Budget cycles
= Compliance with regulations

= Unreliable financing
» Earmarked funding
= Disburse to Fund

Pagiola, World Bank, 2017 39



Challenges for user-financed programs

= Perverse incentives
» Legal constraints
= Targeting
= Maps of eligible areas
= Differential payments

= Cost-effectiveness

Pagiola, World Bank, 2017 40



Using hydrological models to target payments

SWAT estimates: Erosion in Mishquiyacu watershed, Peru

130 1
s « 23 hydrological response units (3% of the
- watershed) produce 26% of sediment
= - 1 HRU (1% of the watershed) produces
o 100+ 17% of sediment
g ]
5 ]
S 50+
0L

Source: Quintero, Wunder, and Estrada, 2009 Area (ha) Pagiola, World Bank, 2017 41



Using hydrological models to target payments

SWAT estimates: Main sediment sources to Lake Cocibolca (Nicaragua)

Lagoe Managua
(Lago Xolotlan)

TRANSPORTE DE SEDIMENTOS EN LOS RIOS (SWAT)
ESCENARIO: CONDICIONES ACTUALES

peomedio anual ) umite Cuenca

[roneiadas/anc) mar 3908 y lagunas
<= 125000 Costa Rica

tecaagua

s Frootesa Nacwonat

Pagiola, World Bank, 2017 42



Using hydrological models to target payments

SWAT estimates: Reductions (% of current levels)

Total Total

Scenario Sediment N p
Reforest the entire watershed 99 45 87
Reforest all areas with precipitation >1500 mm 97 35 74
Reforest all areas with slope >8%, install small 90 45 87
dams

Reforest all areas with slope >15%, adopt zero 38 18 46

tillage

Pagiola, World Bank, 2017 43



Differentiated payments: Using indices

» Index of watershed protection benefits
= Land use (vegetation cover)
= Plot characteristics (slope)
= | ocation of the plot (distance from watercourse)

Slope (%)
15-45 45-65 >65
<30 0 0 0
5 30-50 15 40 66
S5 Incremental
2 2 | 50-70 20 50 80 points
on O 70 - 40 = 30
o | 7080 25 60 90 .
Value of points
> 80 40 /0 406—¥30 x US$2 = US$60

+ 30 points if within < 50m of watercourse
Pagiola, World Bank, 2017 44



Components of a payment system

Service
user

Service
user

Service
user

Y

Supervision mechanism

Technical Governance
—>
Financing Payment
—> ) — S — X
mechanism mechanism
—>

Environmental services

Land
users

45



Components of a payment system

Supervision mechanism

Technical Governance
Logistically hardest task

4 * Build on existing institutions

e Trust

e Logistics in place
Service g ] TmEncmgTTT Payment

user mechanism mechanism
Service _ . _ |

user

Y

Environmental servi

Land
users

46



Organizational frameworks

User-financed PES
= Direct implementation

= San Francisco del Norte, Nicaragua
= Heredia, Costa Rica
= Extrema, Brazil

= Contracting an NGO or other partner

= Guandu, Brazil - in cooperation with Instituto Terra

= Contract with national PES program

= (Costa Rica - contracts with PSA Program
= Mexico - ‘Fondos Concurrentes’ program

= Specific organization
= Quito, Ecuador - FONAG

Pagiola, World Bank, 2017 47



Organizational frameworks

Government-financed
= Specific organization
= FONAFIFO, Costa Rica
= EXxisting organization
= CONAFOR, Mexico
= Programa ProdutorES de Agua, Espirito Santo, Brazil

= Contracting NGO or other partner
= Programa Reflorestar, Espirito Santo, Brazil

= Cooperation with local authorities
= Programa Mina d’Agua, Sao Paulo, Brazil

Pagiola, World Bank, 2017 48



Impact evaluation

= Are the right land users participating?
= Are participants changing their land uses?

= Are land use changes generating the
desired environmental services?

= Are the land use changes persistent?

Pagiola, World Bank, 2017 49



Key problems

= Getting the science right

= Getting the institutions right

Pagiola, World Bank, 2017 50
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