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Case study: Guidance for National Implementation

Well-being
of Future
Generations
(Wales) Act
2015

Places seven well-being goals into law, and requiring public bodies to
apply the sustainable development principle in five key ways.

e, Putting in place a modern statutory process to plan and manage our
(Wales) Bill natural resources

ina joined and sustainable way

Planning Improves the existing Planning process to ensure the right development
(Wales) Act is located in the

2018 right place

Glaslir

Glastir is the sustainable land management
scheme, offering financial support to farmers
and land managers.

Welsh Government:
Legislating sustainable
development to secure
long term well-being of
Wales and its people

Liywodraeth Cymru
Welsh Government



Glastir: 6 Main Priorities
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Glastir: 6 Main Priorities

Clgmlciatlnhg ca. £80M to Welsh farmers yearly
climate change . i i
Improving soil To benefit the envwonmen.t
: To compensate for reduction
quality and In income
management

Maintaining and

enhancing The question is:
biodiversity Does it work?

Improving water
quality and
managing water
resources

Managing landscapes & historic
: environments and improving
Woodland public access to the countryside

creation and
management



Glastir Monitoring and Evaluation Programme (GMEP)

environmental, social and economic outcomes at the national scale Monitoring and
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.  Co-located collection of environmental data iammme cvaluation
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- Modelling to target activities and predict impacts -

GMEP - A combined monitoring and modelling approach to maximize m Glastir
S
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Programme

GMEP provides an objective, independent,
scientific approach to:

* Identify ongoing national trends in the
environment

* Quantify impacts of Glastir interventions
against background trend

* Provide data for other national and international
reporting requirements (e.g. Water Framework,
Habitats and Bird Directives, Kyoto, etc)

« Attribute change and determine implications for
ecosystem services

 Provide Guidance for use and interpretation
of Ecosystem Services Models and Outputs




GMEP data collection: An ecosystem approach

Co-locating data
collection enables
understanding and
analysis of correlations
and interdependencies

Habitat
mapping
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features

Landscape =
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Pollinating
. streams and
Insects
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Birds
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Data will inform on impact of
Glastir against background trends



GMEP analyses: Identifying inter-dependencies
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Response curves of
ecosystem service
indicators from analysis
of 2007 Countryside
Survey (GB scale)

Maskell et al 2013
J Appl. Ecol 50:561-571
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GMEP modelling: Anticipating outcomes

ES models allow the evaluation of the impact of land-use change and/or alternative
management options on ecosystem service delivery.

In GMEP, a suite of models are applied to forecast possible outcomes:
 Changes at national scale due to a wide number of drivers

e.g. current land management, air pollution, climate change
 Changes due to legacy of past agri-environment schemes
» Glastir interventions, with upscaling for projected uptake

Many tools available, ranging in complexity and scale. Which to choose ?

We compare 3 spatially explicit ecosystem service tools to provide
guidance for implementation:

& ARIES & LUCI=
WP e a

LAND UTILISATION & CAPABILITY INDICATOR

; integrated valuation of
for Ecosystem Services ecosystem services
and tradeoffs




Ecosystem services model comparison

 The three models differ in approach and produce a wide
range of different outputs for any given service.

InNVEST Combines land use and land cover data with information on supply
negrated valuation of (biophysical processes) and demand to provide a service output
(economic or biophysical). Freely available to download.

Incorporates biophysical processes, applying topographical
LUCI == routing for hydrological and related services, and using lookup
e e tables where appropriate (e.g. carbon model). Also has a unique
trade-off tool. Available for public use in 2017.

. ARIES Developed as an online platform to allow model building. Can use
,5" Al Eimece probabilistic methods (Bayesian networks) if insufficient local data
or Ecosy: rices
available. Easy to use online tool is under development.
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Study system

Land cover classes {

(2007)
A Carbon data e
@ Monitoring stations

[ Arable

I Bog

I Broadieaved woodland

I Coniferous woodland

I Fen, Marsh and Swamp

[ Freshwater
[ ] Grassland
[ Heather
I improved grassland
I iniand rock

[ ] Littoral sediment
I 1vontane

[ ] saltmarsh

B saltwater

[ ] Supra-litt. sediment
I urban
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Conwy catchment,
North Wales, UK.

Small catchment in global
terms (580 km?)

Diverse range of:

e elevation (0-1060m)
e climate

e geology

e |and use
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ENVIRONMENT



Water supply Carbon stocks Nutrient retention (N & P)

© NERC — Centre for E.c'o'loéy &__Hydrblbéy. T

 Models were parameterised for the UK and then applied to the study catchment.

» Validated using empirical data from the catchment:
- Flow data from 2 sites within catchment (in UK gauging station network).
- Soil carbon, above and below-ground biomass data collected from 18 sites
within catchment.
- Water quality data from 1 site within catchment.

Centre for
Ecology & Hydrology N E RC



INVEST

LUCI

ARIES

Water supply

Water Yield
(m3/pixel)
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Luci
Average flow (m3/s)

ARIES ‘Flow & Use’

Available water flow (m3/yr)
+ Abstraction points

—< 10
—10-25
—26-70

i g
N

Model validation

Actual measured flow

Gauging station flow (m¥y)

1) Cwm Llanerch 648,070, 000
Flood 2) Lledr 161, 790, 000

Mitigation

!

tet % difference between modelled and measured flow

Flood interception

T . ARIES |  ARIES
it Watershed| BAYESIAN |‘Flow & Use’| InVEST | LUCI
1) -7% +1% +7% +1%
2) -17% +7% +12% | +6%
e The water models performed well when
m<25% .
-5 compared with measured data from the
S catchment.
Coefficient NERC ERVIRONMENT

of variation



Carbon stocks

2 carb < (ka/m2 Model validation
Cgrbon stock (kg/m .) arbon stock (kg m ) Variance
Biomass + 30 cm soil Biomass + 1 m soill l Estimated total C in the catchment
INVEST INVEST INVEST using measured data
a) Cstock (kg/m2) in biomass + 30cm soil b) C stock (kg/m2)in biomass + 1m sail c) Cst_ock{kglmzj in biomass + 1m soil
i wm Varince 50 || catchmentC stock (t)
ﬂ :§f§ ﬁ” EEE%?B 7 :é;js Biomass
= 2 e +30cm soil 5,153,042
v;; . f::'f‘ ¢ +1m soil 10,475,968
e = g, |
= X (4‘" o
- : " ' w2 Modelled total C
d) Cstock(kg/ma)intiomass +30cm sl e) Cstoc kg/mz) nbiomass ¢ mso ) :::?:,ﬁ;fmﬁ:;;"ﬁa' (biomass + 30cm soil) (% diff. between modelled and measured)
LE-1 21-35 mmarginal potential
e == 4 LT || _Total carbon stock(t
_ e i k" 2 TRpEe - Biomass + top 30cm soil
8 ﬁ‘ ;1: ﬁ‘ ”i: INVEST 8,020,377 (+56%)
- aSr “:;‘ ¢ LUCI 8,070,546 (+57%)
> g N AT L -
N ’w“" .‘@’4 [ | Total carbon stock (t
— T - Biomass + top 1m soil
gl C:::centralion{gfkg]15cmsoil InVEST 14,596’360 (+39%)
75 - 150 s .
i N C squestranon LUCI 15,488,110 (+48%)
m301 -3% iy pOtent|aI
n \ ARIES modelled C conc
L (not stock) and top 15 cm " 0
5:: of soil only (no biomass) * InVEST and LUCI similar (10%)

» Both biased high (50%)
e “Measured” is estimate



INVEST

LUCI

Nutrient retention

P loading P export to stream
(kg/pixel) (kg/pixel)
InVEST InVEST
a) Adjusted loading value (kg/pixel) €) P export to stream (kg/pixel/yr)
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Lucl LuCI
d) Pload (kg/hafyr) f) Accumulated P loading (kg/pixel/yr)
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P river conc
(mg/L)

LUCI

e) P river concentration (mg/L)
—<0.001
—0.0011 - 0.025
—0.026 - 0.05

4
~0.051-0.075_ *%
AT

—=>0.075

Model validation

Annual load calculated from
measured concentrations

Average annual
load (kg/year)

N|trogen 253,800
Phosphorus 8,590

Modelled loads from InVEST and LUCI
(% diff between modelled and measured)

InVEST (kg/year) |LUCI (kg/year)
Nitrogen | 49,400 (-81%) 196,000 (-29%)
Phosphorus | 4,990 (-42%) 5,200 (-40%)

Overall, models did not perform well,
(difficulties in assigning export coefficients)

N E Rc SCIENCE OF THE
ENVIRONMENT



Trade-offs

Luci Luci

a) Carbon/Flnod;‘N{P Tradeoff b) Flood/N mitigation tradeoff
I Signi ap ltiple services M High existing n both
I Existi ision in mult i L} hlghprmrlsm ‘I"negﬂgbl
I Negiigible opportunity for trad "h,.. isi = provision OR tradeoffs in provisi
-r-r ity to ent multiple L -1 ity to enh e i .
=t cpptty b e ks s oy s Using the LUCI trade-offs tool, can

investigate appropriate placement
of interventions and protective
measures.

When all modelled services were
considered, there is opportunity to

c) If-Lla:I::':I'om’Floodmi‘cigaticmtradeoﬁ d) gft:on,’Pmitigation tradeoff . .
S Sy i st e o enhance multiple services,
S e B el particularly in east of catchment.

B Opportunity to enhance both services N Opp

024 8 12
= m mmmm Kilometers
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Managing future risk — scenarios & planning

What does the future hold?

DURESS future scenarios for Wales
DURESS scenarios created by:

From an analysis of drivers of change, and a review of historic changes in the

uplands since World War 2, we have considered four possible scenarios to 2050:

» Appraising drivers of change in
expert workshops representing all
Agricultural Intensification appropriate sectors (farming,

Maximising food and fibre production becomes crucial to meet the

challenges of food security and increasing global demand. fo reStry, Wate r, commun ItIeS y

nature...)
Managed Ecosystems
Ecosystem integrity is pro-actively enhanced to safeguard water, carbon

i den Al o i, e « I[dentifying plausible land
management responses to each
driver of change, called projections.

Business as Usual

Publically funded agri-environment continues to deliver social benefits
and ecosystem services.

Abandonment  Analysing possi_ble .interplay
Land becomes abandoned as a result of market or regulatory failure of among these prOJECtIOnS to

the other three scenarios, leading to rapid decline in production and

unmanaged development of quasi-natural habitats. con Stru Ct th e fo ur StO ryl | nes.

ﬁ ) Centre fo
(#}JEH Eculur;r&rHydmlugy NERC ﬁi’f‘fcfﬁm

HATLURAL ERYIONSEMT MESEARCH COURCIL




Scenarios

We tested the sensitivity of all 3 models
to land-use change of varying severity.

Grassland ‘ Woodland (GW)

(5, 10, 30% catchment)

) Diversity in Upland Rivers
DUFC@SS forEcosystem Service Sustainability

The DURESS scenarios were developed through discussions with stakeholders and
experts on current and future drivers of land-use change in Wales.

“Managed ecosystems” scenario

A, Centre for :
(G131) E<oiosy & yarolony NERC [isaas
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Scenario results

r—n

GEH

Cent

% difference from baseline
Tool output

[ output Watershed GW 5 GW10 GW30

ELTE water yield Cwm Llanerch -0.19 -0.62 -2.34
I Lledr -0.31 -0.65 -2.01
Water yield Cwm Llanerch -0.26 -0.55 -1.67
I Lledr -0.18 -0.36 -1.11
Area mitigated Whole catchment 1.9 -2.7 -27.4
_ Area mitigating Whole catchment 10.9 23.9 82.5

% difference from baseline
Tool Ca rbon output

[ output GW 5 GW10 GW 30
m C concentration of top soil (15¢cm) -1.49 -2.8 -9.17
InVEST C stock in biomass + 1m depth soil 3.67 7.33 23.88

LUCI C stock in biomass + 1m depth soil 1.8 4.0 13.6

% difference from baseline
Tool output

I output GW 5 GW10 GW30
Average annual N load -3.19 -6.13 -20.18
_ Average annual P load 4.00 7.53 22.25
Average annual N load 1.91 0.35 -7.49
_ Average annual P load 3.39 2 -9.61

re for
Ecology & Hydrology N E Rc Eﬂﬂfﬁhﬁfﬂ"f

HATLURAL ERYIONSEMT MESEARCH COURCIL



Using three well-known ES models, we demonstrate:

ES models can provide quantitative and mapped outputs for services within a study
catchment. Outputs for different scenarios of land-use change can be compared and

trade-offs between services can be visualised. Therefore these models are extremely
useful for planning purposes.

When the three models were compared:

* The models provided broadly comparable quantitative outputs.
 There is a wide variety of possible outputs for each service.

e Each tool has unique features and strengths.

* InVEST has detailed documentation and example data, therefore would be useful for
those with time constraints. This tool also produces economic valuation.

* LUCI would benefit users seeking fine scale outputs or interested in mapping trade-offs.

* ARIES allows the customisation of models and is particularly useful when data is scarce.

Centre for
Ecology & Hydrology N E RC



Guidance for Implementation

In partrership with
w ECOSYSTEM MARKETS M&EQ S ot
' Making Them Work _ﬂ, ) ) | :Sgia;:ammy

° A Community on Ecosystem Services €. <——= ES P &@@@&@

N Implementation Advances and Challenges
e
PDuress

Glastir
Monitoring and
Evaluation
Programme

Iccapatem Servioss Patrahic

Thanks for your attention

https://gmep.wales/ >

This work ‘Location, Configuration, Distribution: the Role of Landscape Pattern and Diversity in Ecosystem Services;
NERC project NE/K015508/1; CEH Project NEC05059’ was funded with support from the Biodiversity and Ecosystem
Service Sustainability (BESS) programme.

LUCI modelling work was funded through the Glastir Monitoring and Evaluation Programme (GMEP), contract reference:
C147/2010/11), NERC/Centre for Ecology & Hydrology (CEH Project: NEC04780). LUCI Mapping derived from soils
data © Cranfield University (NSRI) and for the Controller of HMSO 2011.
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