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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.  
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Session 1: Introduction to Ecosystem Services
Assessments and Natural Capital Accounting

Understand and distinguish between the concepts of ES

assessments and NCA. 

Demonstrate ES outcomes that would be needed to feed

into national planning for Malawi (Malawi 2063, NBSAPs,

PES, Water Fund).  

Demonstrate a variety of approaches for, and examples of

models and quantification of ES assessments. 

Recognize and illustrate the relevance and

intrconnectedness of ecosystem services across diverse

sectors. 
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hydrology, hydrological monitoring, and ecosystem service
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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
ECOSYSTEM SERVICES

CASCADE OF ECOSYSTEM SERVICES

NATURAL CAPITAL

HYDROLOGICAL ECOSYSTEM SERVICES

WATER, FOOD AND ENERGY NEXUS

POTENTIAL APPLICATIONS & RECOMMENDATIONS

CONTENT

• Demonstrate the value of 
biodiversity, ecosystems, their 
services, and landscape assessments 
to inform more effective and climate 
resilient policies and planning.

• Strengthen the technical capacity of 
participants around ecosystem 
service assessments and natural 
capital accounting.
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What are ecosystem services?

• Ecosystem services are the benefits 
that people obtain from nature 
(MA, 2005).

• CICES (2018) is built on the 
principle that a classification of 
services needs to describe the 
contribution that ecosystems make 
to human well-being, defined in 
terms of ‘what ecosystems do’.
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EXAMPLES OF ECOSYSTEM SERVICES

Figure 2. Examples of ecosystem services. Adapted from WWF.

1.2 Hydrologic Ecosystem Services

Ecosystem services (Figure 2) are benefits derived by 
humans from ecosystems (MA, 2003; Mace, 2008). 
Hydrologic ecosystem services, are benefits produced 
by terrestrial ecosystems to water resources for humans 
(Brauman, 2007), including regulation of the hydrologic 
cycle and water yield, maintenance of water quality and 
aquifer recharge (i.e., ground water), among others. 
These services are distinct from aquatic ecosystem 
services, which are specifically produced by freshwater 
(aquatic) ecosystems (Brauman, 2015) and from marine 
ecosystem services, which are produced by saline water 
(marine) ecosystems and estuaries (Palumbi et al., 2008).

At the basin level, ecosystems influence water behavior 
through local climatic interactions, consumptive use by 
vegetation, modification of the land surface, modification 
of water quality, among other factors depicted in Figure 
3a (Brauman et al., 2007). The hydrologic cycle is driven 
by solar energy and influenced by natural and built 

infrastructure. Water evaporated from the oceans, the 
surface of water bodies, or from the transpiration of 
vegetation in larger forests forms clouds, which precipitate 
as rain, hail, snow, or fog on the landscape and in the 
oceans. On land, water infiltrates into the soil or flows 
over the surface. Both surface water and subsurface 
water eventually discharge into the oceans. Evaporation 
from surface water and the oceans into the atmosphere 
completes the cycle.

The concept of hydrologic ecosystem services makes it 
possible to organize hydrologic processes in a basin 
(Figure 3a) according to their impacts on water for 
people (Figure 3b), such as provision of drinking water 
or recreational resources. Additionally, the ecosystem 
services conceptual framework can account for the 
impacts of the same ecosystem on a variety of other 
ecosystem services of interest, such as timber production 
or air purification (Brauman, 2015).

WWF; Ochoa-Tocachi et al., 2022. Hydrological Modelling Guide for Natural Infrastructure.
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Potschin and Haines-Young, 2016; Ochoa-Tocachi et al., 2022. Hydrological Modelling Guide for Natural Infrastructure.
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What is natural capital?
• CICES (2018) follows the European 

Commission (2013) process which 
considers natural capital to include 
all natural resources that human 
society draws upon, i.e. both earth’s 
ecosystems and the underpinning 
geo-physical systems.

• For some cases, there is no clear-cut 
boundary between biotic (ecosystem 
capital) and abiotic components. 
However, this distinction helps 
identify and classify different types 
of natural capital, which is important 
in the context of developing a 
natural capital accounting approach.

Ecosystem capital

Ecosystems 
as assets:

Extent, structure 
and condition 
of:

e.g., forests, 
woodlands, 
rivers, lakes, 
oceans, coasts, 
wetlands, 
grasslands, 
croplands, 
heathlands, 
urban parks

Depletable

Ecosystem 
service flows:

• Provisioning 
services, e.g., 
food fiber, 
energy.

• Regulation & 
maintenance, 
e.g., of 
climate, river 
flow, 
pollination.

• Cultural 
services, e.g., 
recreational 
and spiritual 
use of nature.

Depletable

Natural capital

Abiotic 
assets:

Solar radiation

Abiotic flows:

Renewable 
energy, e.g., 
solar, wind, and 
hydro

Depletable Depletable

Non-depletable Non-depletable

Abiotic 
assets:

Minerals, fossil 
fuels, ozone 
layer, gravel, 
etc.

Abiotic flows:

Phosphate 
fertilizer, 
radiation 
protection, etc.

CICES, 2018.
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Ecosystems do not create water; they 
move and modify flows.
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Van Meerveld et al., 2021; Ochoa-Tocachi et al., 2022. Hydrological Modelling Guide for Natural Infrastructure.
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• 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-
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.

Water security
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Water – Food – Energy Nexus

IWA, 2018. Sustainable Development: The Water-Energy-Food Nexus.
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Iterate

Natural capital assessment process

Scope Compile
Data

Build 
Scenarios

Analyze & 
Synthesize

Reach
Out

InVEST (Integrated Valuation of Ecosystem Services and Tradeoffs): https://naturalcapitalproject.stanford.edu/software/invest

https://naturalcapitalproject.stanford.edu/software/invest
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Changes in ecosystems à 
Changes in ecosystem services

InVEST (Integrated Valuation of Ecosystem Services and Tradeoffs): https://naturalcapitalproject.stanford.edu/software/invest

Seasonal water yield Sediment delivery ratio Nutrient delivery ratio

https://naturalcapitalproject.stanford.edu/software/invest
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Seasonal Water Yield Model

InVEST Seasonal Water Yield: http://releases.naturalcapitalproject.org/invest-userguide/latest/seasonal_water_yield.html

Key questions
• How much water does the 

landscape produce?

• From where on the landscape 
does this water supply originate?

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

• How are we contributing to SDG6 
and its indicators?

Decision contexts

Pollution 
dilution

Hydropower

Flood risk 
reduction

Drinking water

Irrigation

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

InVEST Seasonal Water Yield: http://releases.naturalcapitalproject.org/invest-userguide/latest/seasonal_water_yield.html

Modelled processes Limitations
• Results are limited to a single 

year long-term monthly average 
Quickflow and annual Baseflow.

• Baseflow is a relative index only, 
not absolute. It is one uniform 
value for the year.

• Uncertainty around flow routing 
(upslope contribution to AET).

Baseflow

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


16

SWY model inputs

Land Use/Land Cover
Curve numbers, 
Evapotranspiration coefficients

Climate (monthly)
Precipitation,
evapotranspiration, 
# of rain events

Soils
Hydrologic soil groups

Optional
Climate zones, 
recharge layer

Watershed
Area of interest

Topography
DEM,
Threshold flow accumulation

InVEST Seasonal Water Yield: http://releases.naturalcapitalproject.org/invest-userguide/latest/seasonal_water_yield.html

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

Monthly precipitation Monthly evapotranspiration Soil groups

Watershed Land use / land cover

x12 x12
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SWY model outputs

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

Annual and monthly averages
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SWY model outputs

• Local recharge (mm)
Annual average
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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)
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SWY model outputs

• Runoff Retention

1 – (QF/Precipitation)

Annual and monthly averages
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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?
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Sediment Delivery Ratio Model
Key questions

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

• How does unsustainable land 
management increases erosion 
rates with impacts on food and 
water systems?

• How can erosion and sediment 
yield be controlled by human 
interventions on the landscape?

Decision contexts

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

Payments for 
watershed 
services 

programs

National 
accounting

Impact 
assessment

(infrastructure)

Global land 
use change 

impacts 
(agricultural 
expansion)

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

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

Erosivity 
(R)

Slope (LS)

Soil Erodibility (K)

Crop factor 
(C)

Conservati
on Factor 

(P)
Universal 
Soil Loss 
Equation 
(USLE)

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

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

Land Use/Land Cover
Crop factor and Practice factor

Climate
Rainfall erosivity

Soils
Soil erodibility

Watersheds
Main and sub-watersheds 
for point of interest

Calibration
Connectivity/SDR 

Topography
DEM, Threshold flow 
accumulation

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

Rainfall erosivity Soil erodibility

Watershed Land use / land cover
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SDR model outputs

• Potential soil loss (ton/yr)

Results aggregated to
watershed/sub-watersheds
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SDR model outputs

• Sediment export (ton/yr)

Results aggregated to
watershed/sub-watersheds
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SDR model outputs

• Sediment retention index
Relative to bare ground

Results aggregated to
watershed/sub-watersheds
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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?
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Nutrient Delivery Ratio Model
Key questions

• How much nutrient is produced 
on the landscape?

• Where is it produced?

• How does nutrient retention 
benefit people?

Decision contexts

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

Treatment
plant

Drinking 
water

Stream 
health

Pollution 
dilution

http://releases.naturalcapitalproject.org/invest-userguide/latest/ndr.html
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NDR model
Modelled processes Limitations

• Non-point source.

• Simplified representation of nutrient 
transport, particularly subsurface.

• In-stream processes only, dam 
retention, etc. are not represented.

• Annual average values, not event-
based.

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

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

a

Upslope 
area

(transport)

Downslope 
path

(retention)

Stre
a
m

Pixel of 
interest 

(N/P load)

Per pixel:

Nutrient exported 
to the stream

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

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

Climate
Precipitation 
or quickflow

Watersheds
Serving point of 
interest

Optional
Information on 
subsurface nutrients

Topography
DEM, threshold flow 
accumulation

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

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

Annual precipitation

Watershed Land use / land cover



35

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.
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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.
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NDR model outputs

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

Results aggregated to
watershed/sub-watersheds
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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?
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ECONOMIC AND ENERGY TRANSITIONS

PAYMENT FOR ECOSYSTEM SERVICES
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Overview of policy applications
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Hydrological regulation is a function of water quantity and water quality (Logsdon & Chaubey, 2013). 

Extensive land use/land cover changes and overgrazing, have caused many hydrology and water 

quality alterations, decreasing the capacity of the ecosystems to regulate their hydrological functions 

such as water provisioning (water yield and baseflow) and soil retention (Berhanu et al., 2015). 

Specific values or thresholds of these quantifiers can be associated with levels of water quality and 

availability and, therefore linked to specific management actions.  

1.5. Payments for ecosystem services: investment in nature for the future 

Payments for environmental services (PES) are an innovative approach (Wunder, Engel & Pagiola, 

2008) to finance and stimulate conservation (Pagiola, Arcenas & Platais, 2005). (Wunder, 2005) 

made the first attempt to formally defined PES as ‘a voluntary transaction where a well-defined ES 

is being ‘bought’ by an ES buyer from an ES provider, if and only if the ES provider secures ES 

provision’.  

The term has been revised to make it more clear and inclusive according to its highly dynamic 

implementation in the past decade. (Wunder, 2015), suggests that payments for environmental 

services (PES) can be defined as ‘voluntary transactions between service users and service 

providers, that are conditional on agreed rules of natural resource management for generating 

offsite services’. 

Depending on how land users manage the use of their land, it can generate a variety of 

environmental services for the society or, on the contrary, these ecosystems can be lost at a rapid 

rate. To persuade those who provide environmental services to change their behaviour and land 

uses, economic compensations are offered as incentive. Those who receive the benefits should be 

willing to pay for them. So, PES must be a compromise between a benefit for the alternative use 

of the land and the value of the goods received (Pagiola, Arcenas & Platais, 2005).  

 

Fig. 3: Payments for watershed services. (Contreras, n.d.) 
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Questions?
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