EMBEDDING ECOSYSTEM SERVICES

INTO POLICY (EESP)
LEARNING SERIES

Day 1

about
this session

This session aims to introduce and differentiate ecosystem
services (ES) assessments and natural capital accounting
(NCA) with a focus on Africa, particularly Malawi. It will
emphasize the interconnectedness of water, food, and energy
security, highlighting the relationships between ecosystem
services, resources, and natural assets. The process and
policy applications of approaches and models for ES
assessments, such as INVEST, Seasonal Water Yield Model,
Sediment Delivery Ratio Model, and Nutrient Delivery Ratio
Model, will be explored. The session will also address the
impact of land degradation on ecosystem services,
biodiversity, and sustainable development.  Practical
applications of these concepts within the Malawi 2022 PES
Framework and the Malawi 2063 National Development Plan
will be discussed.

Keywords: Ecosystem Services Assessments, Natural
Capital Accounting, biodiversity, water funds

learning
objectives

e Understand and distinguish between the concepts of ES
assessments and NCA.

e Demonstrate ES outcomes that would be needed to feed
into national planning for Malawi (Malawi 2063, NBSAPs,
PES, Water Fund).

e Demonstrate a variety of approaches for, and examples of
models and quantification of ES assessments.

e Recognize and illustrate the relevance and
intrconnectedness of ecosystem services across diverse

sectors.
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Jane is an environmental economist with 36 years of experience
in conservation and development. She specializes in assessing
ecosystem health, valuing ecosystem services, and integrating
biodiversity into economic planning. She contributed to the
development of the Millennium Ecosystem Assessment
framework and the UN's Ecosystem Accounting methods. Her
expertise includes water security, ecosystem rehabilitation, land
degradation, and green economy development. Jane is the
director of Anchor Environmental Consultants and holds a part-

time position at the University of Cape Town.
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hydrology, hydrological monitoring, and ecosystem service
management. As a scientific advisor for Forest Trends, he works
on the "Natural Infrastructure for Water Security” project in Peru.
Boris has published 40+ scientific articles, delivered 100+
presentations, and received 10 prizes and awards. His current
research focuses on nature-based solutions, natural

infrastructure, and engineering options for water security.
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OBJECTIVES CONTENT

ECOSYSTEM SERVICES

* Demonstrate the value of
biodiversity, ecosystems, their CASCADE OF ECOSYSTEM SERVICES
services, and landscape assessments
to inform more effective and climate

resilient policies and planning. Ml

» Strengthen the technical capacity of HYDROLOGICAL ECOSYSTEM SERVICES
participants around ecosystem
service assessments and natural
capital accounting.

WATER, FOOD AND ENERGY NEXUS

POTENTIAL APPLICATIONS & RECOMMENDATIONS
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What are ecosystem services?

EXAMPLES OF ECOSYSTEM SERVICES

P

ansé

* Ecosystem services are the benefits
that people obtain from nature
(MA, 2005).
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What is natural capital?
* CICES (2018) follows the European

Commission (2013) process which E it
considers natural capital to include cosystem capita Abiotic Abiotic flows:

all natural resources that human - - e S—
H H ’ cosystems cosystem
society draws upon, i.e. both earth’s e a{;sets- sewicg fows: Solar radiation energy, e.g.,
ecosystems and the underpinning ' : ;o?r, wind, and
geo—physmal systems. Extent, structure * Provisioning yare
and condition services, e.g.,
_ of: food fiber,
B * For some cases, there is no clear-cut energy.
boundary between biotic (ecosystem jv-gg dfloarnej‘sis' ;2%:!:22&?
capital) and abiotic components. fivers. lakee eq,of
However, thIS dIStInCtlon he|pS oceans, coasts, climate, river AbIOtIC AbIOtIC ﬂOWS!
identify and classify different types wetlands, flow, assets: S
of natural capital, which is important SIEEns poination. . | e
. h text of develobine a croplands, Cu tyra Minerals, fossil R
In the context o pINg heathlands, services, e.g., fuels, ozone radiation

natural capital accounting approach. urban parks recreational layer, gravel, protection, etc.
and spiritual etc.
use of nature.
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Hydrological cycle

Precipitation

Fog and c_Ioud Transpiration
interception

f Canopy interception
and evaporation

n Ground 2 . &
shading NS Surface runoff
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Buffer strip
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@ THE WORLD BANK

Environment, Natural Resources & Blue Economy Brauman et al., 2007; Ochoa-Tocachi et al., 2022. Hydrological Modelling Guide for Natural Infrastructure.

|




@

Hydrological ecosystem services
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/
Ecosystems do not create water; they
move and modify flows.

FOREST
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TREE FALLOW

100%

DEGRADED LAND

100%

Van Meerveld et al., 2021; Ochoa-Tocachi et al., 2022. Hydrological Modelling Guide for Natural Infrastructure. .

‘ Evapotranspiration
‘ Runoff

‘ Infiltration
—

Soil water storage
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Water security

« UN-Water (2013) defines water security as:

The capacity of a population to safeguard
sustainable access to adequate quantities of
acceptable quality water for sustaining
livelihoods, human well-being, and socio-

o | economic development, for ensuring protection
against water-borne pollution and water-related
disasters, and for preserving ecosystems in a
climate of peace and political stability.

Environmen t, Natural Resources & Blue Economy
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Water — Food — Energy Nexus
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needs clean water,
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IWA, 2018. Sustainable Development: The Water-Energy-Food Nexus.
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Natural capital assessment process

% X &7

Compile Build Analyze &
Data Scenarios Synthesize

Iterate

2
LBy

""""""""""" » Natural Resources & Blue Economy INVEST (Integrated Valuation of Ecosystem Services and Tradeoffs): https://naturalcapitalproject.stanford.edu/software/invest .l
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https://naturalcapitalproject.stanford.edu/software/invest

Changes in ecosystems -
Changes in ecosystem services

Seasonal water yield Sediment delivery ratio  Nutrient delivery ratio

P
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Environment, Natural Resources & Blue Economy INVEST (Integrated Valuation of Ecosystem Services and Tradeoffs): https://naturalcapitalproject.stanford.edu/software/invest
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https://naturalcapitalproject.stanford.edu/software/invest

Seasonal Water Yield Model

Key questions Decision contexts

 How much water does the
landscape produce?

* From where on the landscape
B does this water supply originate?

* How might land management or
climate change affect these
contributions?

Irriation Hydrower

* How are we contributing to SDG6

and its indicators? Flood risk Polutlon

reduction dilution

THE WORLD BANK ) _ . . .
Environmen t, Natural Resources &Blue Economy INVEST Seasonal Water Yield: http://releases.naturalcapitalproject.org/invest-userquide/latest/seasonal_water_yield.html !J



http://releases.naturalcapitalproject.org/invest-userguide/latest/seasonal_water_yield.html

SWY model

Modelled processes Limitations
Evapotranspiration . Results are limited to a single
(AET) year long-term monthly average

Precipitation Quickflow and annual Baseflow.

Quickflow

(P) | o
(QF) - Baseflow is a relative index only,
not absolute. It is one uniform
value for the year.
Local | |
rechar « Uncertainty around flow routing
& (upslope contribution to AET).
(L)
Baseflow
@ THE WORLD BANK
"""""""""""""""""""""""""" & Blue Economy INVEST Seasonal Water Yield: http://releases.naturalcapitalproject.org/invest-userguide/latest/seasonal _water_vield.html !J



http://releases.naturalcapitalproject.org/invest-userguide/latest/seasonal_water_yield.html
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SWY model inputs

Watershed
Area of interest

Topography
DEM,
Threshold flow accumulation

Land Use/Land Cover
Curve numbers,

= Evapotranspiration coefficients

INVEST Seasonal Water Yield: http://releases.naturalcapitalproject.org/invest-userguide/latest/seasonal_water_vyield.html

i Climate (monthly)
24 Precipitation,

S cvapotranspiration,
# of rain events

Soils
Hydrologic soil groups

el

Optional
Climate zones,
recharge layer

_



http://releases.naturalcapitalproject.org/invest-userguide/latest/seasonal_water_yield.html
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Precip_january

Value
High : 319

- Low: 149

Topography

DEM

Value
High : 2230

Low: 326

0 125 250 500
— — T

Monthly evapotranspiration
x12

&

.
L

A

ETO_january

Value
oy High: 179

b Low : 91,6084

[ 125 250 500
— S— T

SWY model inputs

Land use / land cover

Soil groups

0

125 250

soild_grou

M water

M rock debris

[ rangeland

M forest

M flooded vegetat
[ crops

M build area

[ bare grounp

Description

A: low runoff potential (>90% sand and <10% clay)

B: moderately low runoff potential (50-90% sand and 10-20% clay)

C: moderately high runoff potential (<50% sand and 20-40% clay)

D: high runoff potential (<50% sand and >40% clay)

_




SWY model outputs

N

A

* Quick flow (mm)
Water reaching streams during or
shortly after rain events (direct

runoff)
) Annual and monthly averages
qf_january
Value
. High 1319
g - Llow: 0
0 125 250 500
B I KM
@, THE WORLD BANK

|



SWY model outputs

* Local recharge (mm)
Annual average

Local Recharge
Value

High : 15086,65

- Low : -2036,45

0 126 250 500
B S KM
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SWY model outputs

« Baseflow (mm)

Annual average

Water reaching streams later
between rain events; during dry
season; residence times of months

to years

Annual Baseflow

Value
High : 1506,65

- Low: 0

THE WORLD BANK
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SWY model outputs

* Runoff Retention
1 — (QF/Precipitation)

Annual and monthly averages

Runoff retention

Value
High : 1

-Low: 0

0 125 250 500
I KM

@ THE WORLD BANK
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Potential applications

How does the water yield vary between dry years and wet years?

What is the impact of climate change on the water yield?

What is the forest/landscape restoration potential for water yield?

How to optimize the water yield use for production (food, electricity) with conservation?

@ THE WORLD BANK
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Sediment Delivery Ratio Model

Key questions Decision contexts

* How is erosion as a natural
process driven by topography,
climate, vegetation, etc.?

Globalland

Payments for
watershed use change
B « How does unsustainable land services Im_paﬁts |
management increases erosion programs (agricultura

L expansion)
rates with impacts on food and

water systems?

 How can erosion and sediment ~ 25
yield be controlled by human 'mpaCt t National
interventions on the landscape? assessmen accounting

(infrastructure)

THE WORLD BANK _ _ _ _
""""""""" t, Natural Resources & Blue Economy INVEST Sediment Delivery Ratio: http://releases.naturalcapitalproject.org/invest-userguide/latest/sdr.html !J



http://releases.naturalcapitalproject.org/invest-userguide/latest/sdr.html
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SDR model

Modelled processes

Erosivity
SR\

Crop factor
(C)

Conservati
n Factor

HE WORLD BANK

ironment, Natural Resources & Blue Economy

Universal
Soil Loss

”~ Equation

(USLE)

INVEST Sediment Delivery Ratio: http://releases.naturalcapitalproject.org/invest-userguide/latest/sdr.html

Limitations

Annual average values.

Considers only one type of erosion
(sheetwash/rill): no consideration
of gully erosion, landslides, etc.

Requires calibration data to
increase confidence in quantitative
exports (relative differences are
captured better).

Valuation methods are highly

contextual (e.g. treatment type,
local regulations).

_



http://releases.naturalcapitalproject.org/invest-userguide/latest/sdr.html

SDR model inputs

Watersheds

Main and sub-watersheds
for point of interest

Climate
Rainfall erosivity

Soils Topography
Soil erodibility DEM, Threshold flow
accumulation
Land Use/Land Cover /~| Calibration
Crop factor and Practice factor Connectivity/SDR
@ THE WORLD BANK
Environment, Natural Resources & Blue Economy INVEST Sediment Delivery Ratio: http://releases.naturalcapitalproject.org/invest-userguide/latest/sdr.html
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http://releases.naturalcapitalproject.org/invest-userguide/latest/sdr.html
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Longitude

Rainfall erosivity

erosivity
Value
Hioh : 568,75

- Low: 2485

0 125 250 500
—— — T
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SDR model inputs

Land use / land cover

Topography

DEM
Valuy

e
High : 2230

Low: 326

0 125 250 500
— —

Soil erodibility

Erodibility
Value
High : 0,369452

- Low: 0,144506

0 125 250 500
— E— T

M water

M rock debris

[ rangeland

M forest

M flooded vegetat
[ crops

M build area

[ bare grounp

description lucode 'usle_c usle_p

water 1 0 1
forest 2 0.025 1
flooded veget 40.2 il
crops 50.412 1
build area 7 0.99 1
bare ground 8 1 1
rock debris 10 0 1
rangeland 11 0.034 1

_
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* Potential soil loss (ton/yr)

Results aggregated to
watershed/sub-watersheds

THE WORLD BANK
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model outputs

usle_log10
Value
— High : 6,31083

- Low: 0,756374




model outputs

« Sediment export (ton/yr)

Results aggregated to
watershed/sub-watersheds

sed _export_log10
Value
— High : 5,49138

) ow:-0,813169

Environment, Natural Resources & Blue Economy
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SDR model outputs

« Sediment retention index
Relative to bare ground

Results aggregated to
watershed/sub-watersheds

sed_retention_log10
Value
— High : 6,59667

- Low: 1,07764

Environment, Natural Resources & Blue Economy
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Potential applications

Where are the most important sources of sediment production located?

How can different climate conditions determine erosion and sediment yield?

How human interventions and land planning can reduce erosion and sediment delivery?

What different alternative scenarios compare to decide future developmental pathways?

@ THE WORLD BANK
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Nutrient Delivery Ratio Model

Key questions Decision contexts

* How much nutrient is produced
on the landscape?

° T P o
Where is it produced” Treatment Drinking

n plant water
 How does nutrient retention
benefit people?

Pollution

o Stream
dilution health

THE WORLD BANK _ _ _ _
Environment, Natural Resources &Blue Econormy INVEST Nutrient Delivery Ratio: http://releases.naturalcapitalproject.org/invest-userguide/latest/ndr.html !J



http://releases.naturalcapitalproject.org/invest-userguide/latest/ndr.html

NDR model

Modelled processes Limitations

« Non-point source.

« Simplified representation of nutrient
transport, particularly subsurface.

Downslope

path
n Upslope (retention Per pixel: ) « In-stream processes only, dam
(trair:p?ort) NutrientExport retention, etc. are not represented.
Pixel o = load X NDR
interest s
(NIPfoad) Total export = | - Annual average values, not event-
NutrientExport based.
Nutrient exported pixel J

to the stream

* Requires calibration data to increase
confidence in quantitative exports
(relative differences are captured
better).

THE WORLD BANK _ _ _ _
Environment, Natural Resources & Blue Economy INVEST Nutrient Delivery Ratio: http://releases.naturalcapitalproject.org/invest-userguide/latest/ndr.html !J



http://releases.naturalcapitalproject.org/invest-userguide/latest/ndr.html
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NDR model inputs

Climate

Precipitation n
or quickflow ——
Topography

DEM, threshold flow
accumulation

Land Use/Land Cover
N/P load, efficiency,
retention length

INVEST Nutrient Delivery Ratio: http://releases.naturalcapitalproject.org/invest-userguide/latest/ndr.html

Watersheds
Serving point of
interest

Optional
Information on
subsurface nutrients

_



http://releases.naturalcapitalproject.org/invest-userguide/latest/ndr.html

Latitude

-10

-15

-20

|Watershed
¢
I 1 ;

Longitude
Annual precipitation

precipitation
Value

High - 1372,36

"~ Low 609,558

0 125 250 500
— S— T

Environment, Natural Resources & Blue Economy
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NDR model inputs

Topography

Land use / land cover

0 125 250 500
— —

DEM

Value
High : 2230

Low: 326

M water

M rock debris

[ rangeland

M forest

M flooded vegetat
[ crops

M build area

[ bare grounp

description lucode load_p eff_p crit_len_p | B|OphyS|Ca| table
water 1 0 0.4 150

forest 2|2:1 0.67 150

flooded veget 4 1.5 0.65 150

crops 5 0.77 0.48 150

build area 7 0.6 0.26 150

bare ground 8 0.79 0.26 150

rock debris 10 00.3 150 e
rangeland 11 0.93 0.6 150 i

load_p

@




NDR model outputs

* Nutrient discharge rate
Shows the pattern of nutrient sources

Results aggregated to
watershed/sub-watersheds

High-export areas could be targets for
restoration.

Low-export areas could be targets for
conservation.

ndr_p

Value
High : 0,504968
- o -0,

s Low - 0,0627466

@ THE WORLD BANK
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NDR model outputs

* Load (kg/yr)
Shows the pattern of nutrient sources

Results aggregated to
watershed/sub-watersheds

High-export areas could be targets for
restoration.

Low-export areas could be targets for
conservation.

load_p

Value
) High : 180,313

M low 0

Environment, Natural Resources & Blue Economy
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NDR mo

* Nutrient export per pixel (kg/yr)
Relative to bare ground

Results aggregated to
watershed/sub-watersheds

THE WORLD BANK

Environment, Natural Resources & Blue Economy

el outputs

p_surface_export
Value

- High : 57,1701

_Low:O




Potential applications

Where are the most important sources of nutrient delivery located?

How can different climate conditions and seasonality determine nutrient delivery?

How human interventions and land planning can reduce nutrient delivery?

What different alternative scenarios compare to decide future developmental pathways?

@ THE WORLD BANK
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Overview of policy applications

Incentives

Cash, technical P LAND USE PLANNING

assistance, materials 4§

Upstream Community 7
Stewards and providers O
. Balances upstream &=
of watershed services
and downstream
/ - (L)1)

PAYMENTS

Downstream DEVELOPMENT PLANS (NATIONAL, LOCAL)

Water Users
Beneficiaries of

interests

watershed
services

CLIMATE CHANGE ADAPTATION PLANS
ECONOMIC AND ENERGY TRANSITIONS
PAYMENT FOR ECOSYSTEM SERVICES

POVERTY ALLEVIATION AND DEVELOPMENT

@ THE WORLD BANK
i |

uuuuuuuuuuuuuuuuuuuuuuuuuuu & Blue Economy



s ) R A o S e ke

Administered by

\ 9GS ' | 1.;';!50‘1‘.’8!3';,\'3@5!3“ .
on Sustainability .

\


mailto:boris@atuk.com.ec
https://twitter.com/topicster

