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Measure, indicator, index....

Measure (or measurement) = actual measurement of a
state, quantity or process derived from observations or
monitoring. E.g. bird counts, total dissolved solids, biomass,
runoff

An indicator uses measures to communicate something of
interest E.g. bird counts over time show a trend which can
indicate the success of conservation actions for a specific
group of species. They are purpose and audience specific

An index comprises a number of measures combined in a
particular way to increase their sensitivity, reliability or ease
of communication. E.g. Red List Index for birds shows
changes in threat status over time obtained through a
specific formula. Disaggregation & traceability are
imbortant



What | am going to talk about

Current challenges of indicators and measures
— Complexity of what we are trying to measure

A framework that tries to untangle the
complexity of what to measure

Sources of data with which to measure ES
An example



CURRENT CHALLENGES IN ECOSYSTEM
SERVICE MEASUREMENT & INDICATORS



Current challenges

Components of biodiversity

Trends in extent of selected biomes, ecosystems, habitats &
Trends in abundance of selected species

Coverage of protected areas

Changes in status of threatened species

Trends in genetic diversity o
Sustainable use

Area under sustainable management

Proportion of products from sustainable sources
Ecological footprint and related concepts

Threats to biodiversity
Nitrogen deposition
Trends in invasive alien species ' 4
Ecosystem integrity, goods and services

Marine Trophic Index
Water quality of freshwater ecosystems ‘
Trophic integrity of other ecosystems f

Connectivity/fragmentation of ecosystems gy
Human-induced ecosystem failure r
Health and well-being of communities :2r

Biodiversity for food and medicine
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Current challenges: Existing measures and indicators

Production - Demand
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Current challenges: Existing measures and indicators

Mumbser of Ability to
Indicators. Canvey

Livestock

Capture fisheries

Aquaculture

Wild foods
Biological raw materials

Timbsar

Fibers and resins, animal skins, =and, and omamental resourcas
Biomass fuel
Freshwatar
Geneiic resources
Biochemicals, natwral medicines, and pharmaceuticals
REGULATING
Air guality regulation 2
Climate regulation

Global climata regulation

Ragional and local climate regulstion i
‘Water regulation 2
Erosion regulation Mo Indicators Identified
Water purification and wasts treatment H None
Disease regulation Hone
Soil quality regulation Mo Indicators Identified
Pest regulation Mo Indicators Idantified
Pollination Mo Indicators Identified

Natural hazard regulation 7 ] [ Nane

CULTURAL
Aesthetic;’ ethical values 4 | | None
Spiritual and religious values No Indicators Idantified

Recreation and ecotourism 5 _
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Current challenges

The indicators available for most ecosystem services are
not comprehensive and are often inadequate to
characterize the diversity and complexity of the benefits
they provide;

Data are often insufficient to support the use of these
indicators;

— Are largely without an evidence basis, i.e. reported on with no supporting
data, results or figures

— Where they are based on evidence they focus on provisioning services

Indicators for regulating and cultural services lag behind
provisioning services.

The ability of indicators to convey information about
ecosystem services is low overall, although it varies
widely among services
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THE COMPLEXITY INVOLVED IN
ECOSYSTEM SERVICE MEASUREMENT



Complexity of ES

Definition of ecosystem services

Citation

..."the benefits human populations derive, directly or indirectly, from ecosystem functions.”

..."the conditions and processes through which natural ecosystems, and the species that make them up,
sustain and fulfill human life.”

..."the capacity of natural processes and components to provide goods and services that satisfy human needs,
directly or indirectly.”
.the set of ecosystem functions that is useful to humans.”

.."the benefits people obtain from ecosystems.”
.“components of nature, directly enjoyed, consumed, or used to yield human well-being.”

.."the aspects of ecosystems utilized (actively or passively) to produce human well-being.”
Marange of goods and services generated by ecosystems that are important for human well-being.”

.."Benefits that humans recognize as obtained from ecosystems that support, directly or indirectly,
their survival and quality of life.”

..."a collective term for the goods and services produced by ecosystems that benefit humankind.”

(Costanza et al., 1997)
(Daily, 1997)

(de Groot et al., 2002)

(Kremen, 2005)

(MEA, 2005)

(Boyd and Banzhaf, 2007)
(Fisher et al., 2009 )
(Nelson et al., 2009)
(Harrington et al., 2010)

(Jenkins et al., 2010)

Nahlik et al. 2012



Complexity of ES

Ecological



Complexity of ES
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Complexity of ES

Ecosystem services
Link social and ecological systems
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Complexity of ES
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GLOBAL DIVERSITY OF MAMMALS
Species richness

g

bloaliversity

MNumber of land mammals Number of sea mammals

1 a7 75 131 184 274 1 1 18 25 3 a1

SOURCE: IUCH
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Complexity of ES

GLOBAL

<— short-term—>

<— long-term — >

REGIONAL

LOCAL

Human well-being
and poverty reduction
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Indirect drivers of change
= DEMOGRAPHIC

= ECONOMIC (e.g., globalization, trade,
market, and policy framework)

M SOCIOPOLITICAL (e.g., governance,
institutional and legal framework)

% SCIENCE AND TECHNOLOGY

¥ CULTURAL AND RELIGIOUS (e.g., beliefs,
sonsumption choices)

irect drivers of change

CHANGES IN LOCAL LAND USE AND COVER
SPECIES INTRODUCTION OR REMOVAL
TECHNOLOGY ADAPTATION AND USE

EXTERNAL INPUTS (e.g., fertilizer use,
pest control, and irrigation)

HARVEST AND RESOURCE CONSUMPTION
CLIMATE CHANGE

NATURAL, PHYSICAL, AND BIOLOGICAL
DRIVERS (e.g., evolution, volcanoes)

N SUegs s s

Source: Millennium Ecosystem Assessment



Complexity of ES

REGIONAL

LOCAL
|

i

Total annual value (R)

District Real Theoretical Substitution
Calitzdorp R 2922795 R 2 050 002 R5782027 jon Indirect drivers of change
i = DEMOGRAPHIC
Calvinia R 42 556 935 R 30 963 691 R 368 359370 A GOOD LIFE = ECONOMIC (e g, globalization, trade
Ceres R 5668 838 R 32882228 R 17 758 246 market, and policy framework)
Clanwilliam R 5882225 R 8334 440 R 19284 092 % SOCIOPOLITICAL (e.g., governance,
o A insiitutional and legal framework)
George R 5898 907

HANOLOGY

Ladismith R 6 087 295
Laingsburg R2 562 235 :)LIGIOUS (e.g., beliefs,
Montagu R1217 720

Namakwaland R 11 771 401

Prince Albert R 2404 575

25 50 75 100
Kilometers

fchange

= CHANGES IN LOCAL LAND USE AND COVER
™ SPECIES INTRODUCTION OR REMOVAL

= TECHNOLOGY ADAPTATION AND USE

34 l W EXTERNAL INPUTS (e.g., fertilizer use,
= pest control, and irrigation)

= HARVEST AND RESOURCE CONSUMPTION
W CLIMATE CHANGE

 NATURAL, PHYSICAL, AND BIOLOGICAL
DRIVERS (e.g., evolution, volcanoes)

Forage production (ha/LSU)
ey meaw——Kilometers
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B s - 80
B 4560

Source: Millennium Ecosystem Assessment
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A FRAMEWORK FOR ECOSYSTEM SERVICE
MEASUREMENT



Management/ Institutions & human Feedback between Material goods Resilient societies poa
Restoration Judgments determining value perception
(the use of) services and use of ece Freshwater Food ECOSYSTEM
. . _ system services production production SERVICES
Ecosystems & Biodiversity
ECOSYSTEMS
e - 1Ay Human wellbeing Capital £ /'\ _
I Biophysical! - (socio-cultural context) inputs g8 Production
1 I P o 9= Nutrient cycling
1Structure | | Function Biophysical & § 2 S
: chemical inputs 2 po
:Or process : (eg. slow Service =
1(eg. vegetation | water eqg. flood - . S—
lcoverorNet | | passage, ér(g)tection Benefit(s) Biodiversity
I pyi 1 i ' ibution
Primary biomass) d (contri
products
| Productivity : T || tohealth, (econ) Value Pest and disease Hazard Biomass &
SR .T = F = y J safety, etc) (eg. WTP for regulation regulation _|0|c _

protection
or products)

Security Good health

*) subset of biophysical structure or
process providing the service

Adapted from Haines -Young & Potschin, 2010
and Maltby (ed.), 2009

Department for NATURAL
DF I D International ENV'RONNENT
Development RESEARCH COUNCIL

Table 1 - Mllustrative example of relationships between some intermediate services, final services and benefits

Abiotic inputs Intermediate services Final services Benefits
Sunlight rainfall Soil formation Water regulation Water for irrigation
nutrients, etc. primary productivity drinking water
nutrient cycling electricity from hydro-power
Photosynthesis Primary productivity Food
pollination timber

pest regulation nontimber products




Example — erosion regulation

[ Catchments
Erosion Index

10 - Very high

- High

- Moderate

9
8
7
6
5
4
3
2
1
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A framework

Organic matter loss

Erosion regulation
for soil fertility = e

Soil type
Suspended

Erosion regulation sediment transport
Slope for drinking water Water drinkers,

| Erosion quality treatment plants
EEE Rl Regulation
type Suspended

Erosion regulation sediment transport

Runoff for reservoir
maintenance Reservoir managers

Landcover Suspended

Erosion regulation sediment transport

for fish production Fishermen

Tallis et al. 2012



A framework for measurement?
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SOCIAL-ECOLOGICAL SYSTEM

Elements &
Functions
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Soil loss in t/ha-yr
[: Very low, 0- 5
[ Low; 5-12

- Moderate; 12 - 25
 Hioh: 25 - 60
I e hich 60- 150

- Extremely high; =150




SOCIAL-ECOLOGICAL SYSTEM

Elements &

Functions —

Service
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Human Inputs,
Locations &

Dam storage losses
Activities

I Costs of dredging

Access, preference

markets

Tallis et al. 2012



SOCIAL-ECOLOGICAL SYSTEM
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Human Inputs,
Locations &
Activities —
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eal

Access, prefelg
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Tallis et al. 2012
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DATA FOR ECOSYSTEM SERVICE
MEASUREMENT



Sources of data
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National Statistics

Value by country (Average 1992 - 2011) |La4 Export | =

not imply the expression of any opinicn whatsoever on the part of FACQ concerning the legal or constitutional status ¢
In selected country (1992 - 2011) L5} Export = Share by region (Average 1992 - 2011) L} Export
15M " Oceania 1 Africa
o 0.68% ( 1.06%
Europe I
23.18% \ ‘
10M
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" Americas
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Remote Sensing

Global loss of annual net primary productivity between 1981 and 2003
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Numerical Simulation Models

Total Annual Water Yield Per Country

. -Average annual
water yield (mm)

I 7.5 e+009

470



Numerical Simulation Models

Models

INVEST currently includes 15 models that analyze
different aspects of marine and terrestrial
environments:

Aesthetic Quality
Maps the visibility of features on a seascape or
landscape

Biodiversity
Characterizes habitat quality and quantifies relative habitat loss

Carbon
Quantifies and values carbon storage and sequestration in terrestrial ecosystems

Coastal Protection
Quantifies and values the benefits of nearshore habitats for coastal protection

Coastal Vulnerability
Assesses the relative risk to coastal areas from storms

Crop Pollination
Quantifies and values the contribution of wild pollinators to agricultural production

Habitat Risk Assessment
Evaluates the risk to marine or terrestrial habitats from anthropogenic factors

Managed Timber Production
Values timber harvest

Marine Fish Aquaculture
Estimates the harvest weight and value of farmed salmon

Marine Water Quality
Models concentration of pollutants at sea

Overlap Analysis
|dentifies areas of potential conflict between various human uses



Numerical Simulation Models

(Service) (Service)
Volume Delivered Hydropower Produced NPV

Expanded
hydro value

M 8526536 - 3035919080
.| v 2035919081 - 44890344175
[ 44890344176 - 135321000000

i o -
E . e Expandz.d
95‘-4;1 . o hydro volume
e M 73543714 - 20049827658

hydro energy
ey
g ./ .| /I 29049827658 - 216636000000
\j.;/ U [771 216636000000 - 668689000000
o

I 5512760 - 1602007272
"< 1802007273 - 8425455757
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In-Situ Observations

LATIN AMERICAN
| WATER FUNDS
PARTNERSHIP

TerlcaI ECDIDgy Assessment & MDnltDrlng Network

Early Warning System for Nature

Living Standards
Measurement Study



In-Situ Observations: Census & surveys
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State of Ecosystem Service Observations

Provisioning services
Regulating services
Cultural services

Supply metrics
Service metrics
Benefit metrics

e 0 O



Measuring ecosystem service benefits

Benefit — change in well-being

— Economic value one metric
— Many services not captured

— Non-market, marginal value is difficult

— Big challenges related to equity and distribution of
services.




An example: Water services and human wellbeing

Surface water runoff (n
Improving catchment yield
by keeping ecosystems he

(Midgley et al. 1994
—WR90)

Proportion of depend
. 10-20

[ 20-40

I 40 - 60

I >60

Service

Value

Proportion of dependent households reporting water quality problems
.~ 10.04-0.18
I 0.18 - 0.33
I 0.33-0.47
Il 047 -0.62




[ Water quality trends in communities directly dependent on water ecosystem services J

o
-

=
o)

0.3

0.2

Prop of households reporting water quality issues
o
¥y

0.1

Western Cape

—Fastern Cape

Northern Cape
Free State

m— 3 Zulu-Natal

North West

Gauteng
== Mpumalanga

Limpopo




Conclusions

What we are trying to measure is complex and
not well understood

There are some frameworks that can help
simplify the complexity and help us figure out
what to measure

There are some data sources that might help
but the gaps are problematic

Social data sources should be explored (and
engaged) in developing indicators






