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1. Introduction to the GMEP Programme

The Glastir Monitoring and Evaluation Programme (GMEP) provides a comprehensive programme to
establish a baselinagainst which future assessments of Glastir can be made. GMERalsbutes

national trend datawvhich supportsa range of national and international biodiversity and

environmental targets. GMEP fulfils a commitment by the Welsh Government to establish a

monitoring programme concurrently with the launch of the Glastineme Theuse ofmodels and

farmer surveyprovides earlyindicators ofthe likely direction, magnitude and timing of future

outcomes.The programmensures compliance with the rigorous requirements of the European

/I 2YYAAaA2YyQa /2YY2Yy a2y Ad2NRYy3 YR 9@Ffdz GA2y CN
Development Plan (RDP) for Wal€kisreport represents the final resultsf the GMERprogramme

which ran fom 2012 to 2016.

Agrienvironment schemes in Wales are funded under Axis 2 of the RDP (Improvi
Environment and the Countryside), and provide funding for farmers to manage their land in
that benefits biodiversity and landscape features, and improves the qaélitgter and soil. The
Glastir agrienvironment scheme was introduced in 2009 following a review of the(\RBIBh
Government, 2008) and became the single operationalemrironment scheme in Walé®m
HaMo® ¢KS aOKSYS 20 2S5 GéenidSnentaldbjectivBstaid alieftanil
of support to farmers as payments for ecosystem goods and sefVlmesix intended outcome
from the Glastir scheme are:
Combating climate change
Improving water quality and managing water resources
Improving sd quality and management
Maintaining and enhancing biodiversity
Managing landscapes and historic environment and improving public access to the
countryside

1 Woodland creation and management
There are currently 4,600 participants in the Entry level scheciading 1,400 in the Advance
level and 500 in the Decoupled Advanced, managing 37% of the total utilised agricultural &
Wales. As a comparison, at their peak, there were 7,600 participants in Tir Cynnal and Tir
managing 52% of the total lised agricultural area in Wales.
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The Auditor General for Wal@s 2014 requestedtwo additional strategic objectives for Glastir
These ardo use the agrenvironmental investment in a way that encourages positive
environmental outcomes, but also contributes towards:

1 farm and business profitability and the wider sustainability of the rural economy farm and
business profitability and the wider sustainability of the rural economy;

1 anincrease in the level of investment into measures for climate change adaptationheith t
aim of building greater resilience into both farm and forest businesses and the wider Welsh
economy and environment to ongoing climate change

To respond to these new objectives, three additional outcomes for reporting were agreed for GMEP
(FIGURESMEPOVIEWA-1):

1 Improvingnumbers of farms undertaking action concerning climate change

1 Improvingdiversification and efficiency of farms

1 Improvingprofitability and wider sustainability



FIGURESMEPOVIEWA-1: Location of GMEP survey squaaesl GlastirOutcomes
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The design of GMEP provides a fundamental, robust and objective data source which can underpin a
wide range of scheme and policy questions whilst being flexible to changing policy priGMe&s

also takesan integrated approacktwhich recogrses the feedbacks and interaction between people,

our natural resources and the services and the benefits they prqFEllEURESMEPOVIEWB-1).



FIGURESMEPRPOVIEWB-1: The complexity of just some of the interactions between people,
services and benefits which are supported by our natural resources.

Glastir impacts will be superimposed on top of a wide range of local and global diinbizs
climate changeair pollution andchange iland management practicas response t@a range of
technological, social aneconomic driverand constraintsThe challengef future assessment work
to establish the impcts of Glastiwill be toisolate the changewhich can be diretty attributable to
the Glastirscheme(FIGURESMEPOVIEWG1).

Much of our data iso-locatedis a Air Pollution Economics Climate change
systematic survey whictecognises the Glastir

interaction and feedback between our
naturalresourcesand the benefits they “
deliver. GMEP focuses on gathering
fundamental evidence which can be
combined into a range of different
indicators as priorities change. Field ’
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alignment (e.gvegetation, soil and water quality with a single location or habitat) provides a
rigorous approach to assessing the overall condition ofatter countryside and the impacts of
Glastirand identify the lag times e.g. from change in soil condition to a change in vegetation
composition This approach also provides an opportunity to identify the indirect impacts of Glastir
interventions beyondHeir primary intended target whether they are beneficialeoiradeoff

between one outcome and another

The GMEP team which &ideliveed this comprehensivgorogramme compsesa mix of

organisations with different specialisations covering the différhemes activities, objectives and
outcomes. This multiorganisation approach is an example of the partnership approach encouraged
by the EnvironmenfWales) Act 2016The programme is led by the Natural Environment Research
| 2dzy OAft aQ /| SYHydIgyTCGENY, ad Ddepeddard public researaybdhe
programmeconsortiumhas beerchangedover the lifetime of the programmaccording to shifting
priorities fromthe Welsh Government (\8) andhas includedvork bythe following organisations:
ADASAPEM, Bangor University, BiodiverselT, Biomathematics and Statistics Scotland, Bowburn
Consultancy, British Geological Survey, British Trust for Ornithology, Butterfly Conservation,
Ecological Surveys Bangor, ECORYS, Edwards Ecological Servicebvadiesrerbitats Trust,
Staffordshire University, University of Aberdeen, University of Southampton, University of St
Andrews, University College London and Victoria University of Wellington, New Zealand.

Over the whole programmeyork focussed omiodiversity (including wadland habitats) accounts
for 47% of the total GMEP budget,%6s allocated across soils, waters, climate change mitigation,
landscape and historic features, tradéf's and cebenefits, and the remaining 17% allocated to
underpiming activities such as informatics, t@dMERJata portal and project management.

In summary, GMEP contributes towarttie empirical evidence base for the current state and

AYyGdSaNaiGe k O2yRAGAZY 27F 2| t Sadpiovilesithd adeline fort 5 8 S &

future assessments of the Glastir scheoutcomes.Other sources of ilmrmation include State of
Natural Resources Report (201&hd glastir evaluations such tie Glastir Woodland Element Up
take Survey (2015)

2. GMEP activities

GMEP activitiebaveincluded a combination of fieldurvey,data integration, development of new
indicators,scenario modelling and socilirveys. A subset of the large number of GMEP results has
been agreed with the Welsh Government and the GMEP Advisory Group as high level indicators and
theseare highlighted in thiseport. Many more resultand a description of all methodse available

in the Fnal Report Annexes which are availabfethe GMEP portghttps://gmep.wales). In brief

GMEP activitiesicluded:

Iwww.naturalresources.wales/sonarr

?http://gov.wales/funding/eufunds/previous/projectevaluations/glastiwoodland/?lang=en
3 Emmett, B. A. (2013) An integrated ecological, social and physical approach to monitoring environmental

change and land management effects: the Wales Axis I MdnifopB | Yy R 9 @ f dzZ GA2Yy t NB 3INI

Applied Biology, 118: 339.

Y


https://gmep.wales/
http://www.naturalresources.wales/sonarr
http://gov.wales/funding/eu-funds/previous/project-evaluations/glastir-woodland/?lang=en

2.1Field survey

Structured unbiased reporting of ongoing national trends of widespread habitat, soil and#geds

types across the ruralandpettND 'y f I yYR&aOF LIS® ¢ KA & W2 ARSNI 21 fSaQ
over a 4 year period between 2012 and 2016. The squares were chosen by randomly sampling within
assigned land classes to provide a good representafiovidespread broad habitats and the wider

countryside. The area surveyed represents 0.7% of Wale -

GHEP survey vear
land area and the number of squares needed was E% ! ,ﬂiﬁlig e
calculated using power analyses of past Countryside Sur | L 52 S

data to ensure national trends of change would be U i
detected for some common metrics (Annex 1). The land L}Jé—f

surveyedcaptureda higher proportion oflesignated land
types(2%) reflecting both thefficiency of thestratified
sanpling approach and the targeting of Glastir payments
for many biodiversity outcome¥Vith respect to the field

1
survey, whenever possible the programme has used »j e
methods employed in past national surveys such as P J‘Lﬁ_ﬁ |. _
Countryside Survey ik =L

(http://mww.countrysidesurvey.org.uk/which enables
longerterm trends to be reported and thus the impacts of
Glastir to be put into historical context of changes resultir
from other drivers Confidentiality of the square locations FIGURESMEROVIEWD-1: Distribution
is maintained to reassure land owners additional action t ©f GMEP 1km survey squares but
statutory authoritiescannot be triggered and to prevent ~ €nlarged and relocated within a 10km

. . . rid to protect locations. Squares incluc
land owner fatigue by wauthorised followup studies. 9 .
9 y P Years 14 Wider Wales Survey and

1 A baseline survey for assessing future Glastir Targeted Survey
impacts. This involved argctured sampling o150
1km squares in lanthrgeted for Glastir payments (the Targetech&y). Prior to square
selection, &andwasweightedaccording to the égibility of land for payments in Years 1 and
2 as no uptake data was availapdandland which hadome into the scheme when uptake
data became availabia Years 3 and #b ensure aradequate sampling of land in scheme
(49% of land surveyed) compared to out of scheme (51% of land survéyedyargeted
Qurveyemployed identical methods for field survey as for the Wider Wales suovajjow
the Wider Walesurvey to act as the contr¢l.e. counterfactual) population

1 Assessment of the type and condition of land in scheme compared to the national average.

1 Assessment of the long terfagacy effects of past agri environment schex(ier Cynnal and
Tir Gofal)

1 Quantification of metrics associated with resilience (area, condition, diversity and
connectivity)

Analysis and@omparison olsMEPational trenddatawith datafrom othernationalschemesand
the development ohew indicatorsand products.

1 New analysis of data fromther long term national monitoring schemes (Natural Resources
Wales small rivers data; BTO/RSPB/RSPB Breeding Bird Suhemetured, citizen science
data analysed ypthe Biological Records Centhgtp://www.brc.ac.uk/).


http://www.countrysidesurvey.org.uk/

1 Commrison of GMEP results with data from other natioradiemes (e.gCADWhistoric
monument condition assessmeritie Welsh Government fatpath condition data}o
providehistorical context or to augment information from other schemes (Hafional
Forest hventory data.

1 Development ohew metrics (e.gan objective and repeatable public perceptibandscape
Visual Quality Indicatoa newPriority Bird Indicatora new approach to assess habitat
suitability for a range ofPriority speciesa new unifiedpeat map a proposechew approach
to report onHigh Nature Value Farmlamda requirement of EU reporting

50000 200000 240000 250000 320000 60000

2.2 Exploitation ohewtechnologies Legend | N

1 Exploitation of satelliteand aerial photographio assess land ww’m
condition and functiore.g.(i) objective and repeatable metrics
which reflect overalpeatland condition andheir consequences for
greenhouse gas emissisource combiningoil mapping data,
land-cover data and the use of aerial photographs to map
drainage ditcheg(ii) a net primary productiomap for Wales
through testingand calibratiorof satellite imagery with field
survey;and (iii)a newfine resdution Woody Cover Product
which captures mallscale woody features such as hednes
and small patches of trees usiagonbination of airborne radar * . Y
data, optical imagery from satellitesnd data from the ol
National Forest Inventory FIGURESMEPOVIEWEL: Annual

1 MolecuIargenomicapprogches to assessil biodiver§ity and 3\7;222:2;fgzglﬂxgygsg’szrs -
presence opathogenshuilding on the eDNA work pioneered imagery from 2011
by Countryside survey in 2007 which led to the first national
GBmap for soil bacterigiversity*. GMEP is the first ever repeat of a soil biodiversity survey
at a national scal€Therole of soil biodiversityfor soil function and resilience #&svery active
research area in the soils community

490000 220000 250000 ZE0000° 310000 340000 000D 4DO00D
= 0 P

£
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2.3 ScenaricModelling

1 Senario modellingto project likely impact of {astirinterventionson water quality, greenhouse
gas emissions, habitat suitability fimdicator plant speciedand accessible to broadleaved focal
species|and mitigated for flood, carbon sequestratiamdwhole farm carbonfootprints.

1 Scenario modelling for climate change impact on soil and biomass based greenhouse gas
emissions (excludes agricultural activity / ruminant animals)

1 Opportunity modelling to identify land where there are significant opportunities to create
woodland and optimise multiple ecosystem services to help inform future schemes.

2.4 Sociaresearch andurveys
9 Astructuredsurvey of 600 farms ineér4 to:
o EstablisHarm level changes in management that aeported by farmers as a direct
response toGlastir management options

4 PAWales agrenvironment monitoringTeam Publications and presentatid8817AFinal reportOutcome
summary 201v2nd stage draftoutcome images



o Account forbackground level of change on nenheme farmén response to other
drivers ofchange, including farm economics and set within the context of national
long-term trends in nutrient inputs and livestock numbers

o Provideevidence of investment by farms into measures for climate change
adaptation and the enhancement of business profitability and the wider
sustainability of the rural economy.

1 A series of 4 focus groups, with 22 individual anidt@rviews with Localuthority Officers
to understandbarriers to the uptake of Glastir woodland options

1 Interviewswith 16 farms to quantifyusing farm datavhole farm carbon footprintand the
impact of the Glastir Efficiency Grant scheusing a semstructuredapproach.

3. The Glastir scheme
3.1Glastir design

The operation of the Glastir scheme retains the basic model of the preceding Tir Gofal schetne
operates as system of points and payments for adoption of management options. Glastir is
composed of an Entry (GE) Iée¢ement that is accessible to all farmers in Wales, an upper level
Advanced (GA) element which spatially targets issues of concern-atefired priority areas
(addressing soil carbon management, water quality, water quantity, biodiversity, the historic
environment, and improved access), a Commons element (GC), the Efficiency (GF) capital grant
element, an Organic farming (GO) element, and a si&nde Woodland (Creation and
Management) (GW) elemehtFarms participating in Glastir are required to aghter a Whole Farm
Code that concerns record keeping and habitat protection, and prohibits some practices such as
application of livestock manures when soils are waterlogged. When introduced, participants were
required to join the Entry level scheme befgrmgressing to the Advanced scheme. This is no longer
necessary and participants can join the Advanced scheme diré&&tg.Annex 2 for a fuller
description of this section).

Prior to Glastir, between 1999 and 2009, support for-agriironmental actiorunder Axis 2 was

provided by four schemes: Tir Cynnal (TC), Tir Gofal (TG), Tir Mynydd (TM) and the Organic Farming
and Maintenance Schemes (OFS). The TC scheme was aleealtischeme that ran between 2005

and 2013 with first payments made in 2006. Rapants were required to prevent erosion of
biodiversity through protecting wildlife habitats (and have a minimum 5% of the farm area in a
wildlife habitat), and expected to complete a Farm Resource Management Plan specifying the
actions that need to beatken to remove the risks to the environment from their current farm

practices, including the use of potential pollutants such as fertiliser, manures and chemicals. The TG
scheme was launched in the year 2000 and the last agreements concluded in 2015sthidtar
requirements than the TC scheme and imposed an obligatory suite of measures going beyond
mandatory requirements (GAEC) for good environmental practice, and obligatory conservation and
sustainable management of priority habitats. It provideddptional payments for capital works and
management for the restoration and preservation of habitats and landscape features. The OFS was

® Auditor General for Wales (2014) GiastVelsh Audit Office, 63 pp.
® Rose, H. (2011) An introduction to Glastir and other United Kingdoreagironment schemes. National
Assembly for Wales, Paper No. 11/012, 22 pp.
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introduced in 1999 and provided area payments for organically certified fields to farmers to help
them convert from conentional to organic farm management, and to sustain the change. The TM
scheme supported livestock production in the less productive farming areas by a direct forage area
payment. At their peak, there were 7,600 participants in Tir CyanalTir Gofal, maaging 52% of

the total utilised agricultural area in Wales

There are currently 4,600 participants in tBdastirEntry level scheme, including 1,400 in the
Advanced levednd 500 in the Decoupled Advancedanaging 3% of the total utiked agricultural
area in WalesAt their peak, there were 7,600 participantstive past agrenvironment schemesir
Cynnal and Tir Gofal, managing 52% of the total utilised agricultural area in.Wales

Environmental payments, generally between £1,000 and £10,00@ap®&rannually contribute to

total farm income. Environmental payments to farms in Wales average between <1 and 10% of total
farm output, and are highest for hill cattle and sheep farms, in comparison to the Single Payment
Scheme that accounted for betwe@&nand 23% of total farm output. Overall, the total direct

payments made to farms through Glastir were £37 million in 201086l provisional sum of £40

million in 2016) compared to a total of £208 millidg221 million in 2016)nder the Single Payment
Sctemé’.

The agricultural sector accounts for 4.1% of all employment in Wales. Total labour engaged on farms
in Wales was 58,300 in 2015, showing little change from 57,100 irf.2008 majority of workers

are family (77%) with only small numbers of-filhe nonfamily (6%), partime nonfamily (8%) and
seasonal or casual workers (9%)rotal income from farming in s is £201 million in 2014/15.

Annual average farm business income varied from £22,500 and £25,500 for grazing livestock (Less
Favoured Aga and Lowland, respectively) to £42,000 for dairy farms, but an estimated 19% of farms
in Wales had a net farmusiness income less than zero.

3.2Uptake of Glastir

Uptake of Glastir has been highly variable acitsdes FIGUREMERPOVIEW-1). Powys,
Gwynedd andCeredigiorhas the greatest areim schemewhilst in terms of proportion of land
Gwynedd, Conwy and Powys have the highest percentage of land in the scheme.

"Wales Farm Income Booklet. 2014/15 Results The Farm Business Survey in Wales. Aberystwyth University.
8 Defra Agriculture in the United Kingdom, 2015, 2016.

® Welsh Government (2016) Farming facts and figures, Wales 2016. 6 pp.

Wales Rural Observatp(2010) Survey of farming households in Wales. Aberystwyth University and Cardiff
University, 122 pp.
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FIGURESMEPROVIEWF1 Distribution of total Glastir uptake by counénd that involving landcover
change only

The spatial link betweethe levels of uptakechievedwvere comparedo spatial prioritisation of
payments available for each parcel of land by Welsh Government based on a points isy204ra
This provides amsight as to whether targeting of money (through the points system) influenced
uptake which presumably was the intention of the targeting and point appraq@&tGUREMERP
OVIEWG-1).
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Glastir Points Against Uptake ;.-; -ﬁ--\. v

High Points, Low Uptake . -
I High Points, No Uptake . " y
Il Low Points, High Uptake s "_
- .

FIGURESMEPOVIEWG-1: a Comparison of uptake by farmers compared to total points available
across all outcomeg; Simplified figure highlighting the extremes of FigurBata usedncludedand
in scheméby end2015.

Aclear relationship can be seevith only 308kmd or 1.5% of Wales where there was high uptake in
areas with low points. However, there was 3041km2 (ca. 15% of Wales) with high points where
there was little or no uptakeThis was related to poor uptake of the Woodland Creation scheme
(18kn?/ 578 grants); the reasonsdr which were explored by GMERnnhex3 and § and in the
Woodland Element Survéy

3.3Glastir related ltanges iimanagement practices reported by

farmers

AFarmer Practice Survey in 2016 was usequantify actual changes in livestoakmbers and

fertiliser use undertaken by farmers participating in the Glastir scheme, and compared the uptake of
farm management plans and diffuse pollution control actions with-someme farms. fle survey is
stratified by enterprise type (dairy, beef and sheep) and level of scheme participAtfoi.

description of the methods and results are in Annexés It is compatible with a survey of the

preceding Tir Cynnal and Tir Gofal agvironmert schemes?and designed to assess the level of
additionality achieved by Glastir and the persistence of any changes in management delivered by Tir

11 http://gov.wales/funding/eufunds/previousproject-evaluations/glastiwoodland/?lang=en

2 Anthony, S., Jones, |., Naden, P., NeRstie, P, Jones, D., Taylor, R., Gooday, R., Hughes, G., Zhang, Y.,
Fawcett, L., Simpson, D., Turner, A., Fawcett, C., Turner, D., Murphy, J., Arnold, A., Blackburn, J., Duerdoth, C.,
Hawczak, A., Pretty, J., Se#ir P., Laize, C., Douthwright, T., Lathwood, T., Jones, M., Peers, D., Kingston, H.,
Chauhan, M., Williams, D., Rollett, A., Roberts, J., Old, G., Roberts, C., Newman, J., Ingram, W., Harman, M.,
Wetherall, J. and Edward®nes, G. (2012) Contributiofithe Welsh agrenvironment schemes to the
maintenance and improvement of soil and water quality, and to the mitigation of climate change. Welsh
Government, AgriEnvironment Monitoring and Technical Services Contract Lot 3: Soil, Water and Climate
Changekcosystems), No. 183/2007/08, Final Report, 477 pp + Appendices.
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Cynnal and Tir Gofal. The surveyed changes in management and scheme records of optionp take
were used aimput to the ADAFarmScopecomputer model of pollutant emissions from
agricultural land to calculate the national scheme eff@ainex 5and Sectiort.6and 4.7.

Theresultsindicate firms participating in Glastir reported a net 9% reduction in mactufad

nitrogen and phosphate fertiliser use on grassland fields on scheme entry, and a net 6% reduction in
breeding ewe numbers for farms in the Advanced levdy. There were norstatistical significanin

the numbers of beef sucklers, beef finishersdairy cows (with the changes for finishers and dairy
animals being small increases in stock numbers).

Thesereductionsare significantly different relative to out of scheme farms with the exception of
nitrogen fertiliser reductionsFewer than 5% of G#dir participants recorded an increase in the use

of nitrogen fertiliser as a result of their present Glastir agreement, with the majority (35%) recording
a decrease. Th@%reduction in nitrogen fertiliser use on grassland fields was equal to the net
reduction occurring on surveyed nesthemefarms thatprovided a measure of background rate of
change due to other causes. According to the questionnaire design, the change due to scheme
agreement and background rate of change ought to be independent andi@utlitHowever, a high
percentage of Glastir farms cited fertiliser cost (50%) and change in stock numbers (37%) as a factors
also influencing their decision to change fertiliser rates. These were also important influences of
change on the noischeme farmsTherefore the effect of Glastir scheme patrticipation cannot be
considered as totally independent and in addition to the changes recorded oscimme farms.
However, we are confident that a reduction due to Glastir did occur as the recorded net redisctio
also in agreement with prevailing fertiliser application rates and the area of permanent grassland on
which scheme options taken up by farmers explicitly restricted nitrogen fertiliser use.

In scheme farmalsohad the following improvements relaivo nonscheme farms:

1 10% increase in the likelihood of calibratiiegtiliser spreadersflfom 62% to72%)

T 10% increase in the likelihood cérnjing out soil nutrient testingftom 51% t061%).

1 6.8% mordarmscovering manure heaps and 8% increase in calibration of manure spreaders
and more likely to increase ttaze of slurry store

1 18% more likelyo have completed nutrientffom 41% t059), manure 64% to76%) or soil
protection reviews %2 to 58%}han nonscheme farms.

1 29% more likely to have fenced off streams

26% more likely to have established vegetation and uncultivated buffer strips

1 15% more likely to havleft stubble in fields to provide ovexinter cover from 44% to 59%

=

3.4GMEP coveragef the scheme and designated land

Coverage of land in and out of scheme was 49% and 51% respectivedyinmgdicgood balance and
adequate counterfactual for future analyséandowners granteéccess t@d5% (schemeand none
scheme holdings) of the total laradea within the 300 1km square&.major problem gaining access

to land is the lack of information on thewners of25%of land in Wales as the GMEP teamrevaot
allowed to cold call to establish ownershipshould be noted this constraint on the GMERm and

all other public surveys contrasts with the increasing use of citizen science for government statistics
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which does allow for coldalling (e.g. the new England and Wales pollinator survey) even though the
disturbance to the landowners is presumabitg same

There is @yoodmatch ofGlastir options withilGMEPRsurvey squares and options taken agross all
of Wales(Annex 7)Knowledge of where options have been takenwgre used to inform square
selectionin Years 3 and 4 rather than using the proxy of available points whitho be used in
Years 1 and 2. Thiscreased capture dBlastirAdvanced optiongn Years 3 and.4aster access to
uptake data would benefgurvey design if a similar approachaken in the future.

An assessment in 2015 identified tHamtry Level element was present in 63% of GMEP survey
squares, with the other elements lower at between 2 and 53% squares. Surveyed options counts
ranged from 4 to 135, with the highest numberrindhe Advanced element, and the lowest the
Woodland Creation elemenBiodiversity accounted for the largest amount of surveyed uptake at
78% of GMEP survey squares, with the other-iéwmodlands Outcomes between €Z 7% squares,
and Woodlands the lowestithh only 37% of squares. Biodiversity was also the largest overlay for
options counts, at 89, with the remaining Outcomes ranging from 36 tpfions (Figure XXNote
that the intended Glastir Outcome was based on expert judgement by the GMEP tehin data

was not available from Welsh Government.
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FIGURESMEPOVIEWH-1: Coverage of a) Glastir options and b) Glastir Outcome by the full baseline
GMEP field surve30132016.

Within these squares, the following wesearveyed for a wideange ofhatural resource and landscape
properties including birds and pollinators, soils and headwater streams, historic features and footpath
condition, hedgerows and woodlands. Examples of the scale of the survey include:

1 7489 botanical plots surveyed.

1 5226 sdisamples taken from 1388 plots coincident with permanent botanical survey.

T~ 9096 point features identified and assesskd.

T 1050 surveys of birds (Apglduly).

T 596 surveys walking384 kmof transectsto count butterfly species, bee and hoverfly groups

plus timed searches within 178,806m
1 2979 km of linear features (hedgerows, stream bagtks).
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1 167 streams and 119 ponds assessed. First survey of its kind to simultaneously monitor
freshwater invertebrates, diatoms (streams only), physieditat, water chemistry, in both
ponds and streams.

204 historic features assessed for their condition.

8738 landscape hptos taken to provide a baseline for future assessment of change in our
flryRaOlFLIS WxAadzat vdzrfAde LYRAOIG2ND

= =4

A full description of methods are availableAinnex 1.

The survey covered a higher proportion of designated land relative to national average with reflecting
the benefits of the stratification approach taken and the priority given to biodiversity iniGlas

TABLESGMEPRPOVIEWA-1: Coverage of designated land by GMEP

Designated land type Area (ha) %

SSSI 4656 2.12
National Nature Reserves 479 2.2
National Parks 8362 2.07
Natura 2000 3693 2.52
SpeciaProtection Areas (SPAS) 2526 3.07
FecialAreas of 2 Y & S NID I (i A 2989 2.36

Future work could provide an assessment of the general condition of designated lands benchmarked
against national trends average e.gclimnge irsoil condition above or below that of the national
average? Are thermore or less Common Standard Mtaming species indicative of good condition
relative to the national average? This could provide evidence ofl@enefit of designation beyond

that of the condition of features for which the land was designated which eveeduire a specific
assessment.

4. GMEP resultsybGlastir Outcome

A subset ofndicators was agreed with the GMBReering Group to provide a highvtd overview of
the six intended @tcomesof the Glastir schemd-or each Outcomeheése indicatorare rerted
as either? LJ2 32AdziA@XY S&a Q 2 NJ Wi nedifordF daNT KSFHGF: © ONA 23/ND |

1 Glastirimpacts
I National Trends

ShortHeadline Resultare also included forelated questions that weraddressed with GMEP data
relating to the
1 Assessment dand in Glastir relative to national averages or land out of scheme
1 Legacy effects of past aggnvironment schemes
f 'GOdNROGdzGAZ2Y 2F fIYR A WIAIK bl ddz2NE I dzSQ
9 Characterisation of land with respect to properties which can increasiience
1 New poducts and maps
Finally, the report ends with a high level summanGoEResults.
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4.1Diverslication and Efficiency
Outcome: Improving diversification and efficiency of farms

The extent to which farm managers had taken action to improve aspects of the farm business was
qguantified by survey of 600 farms across Wales, representative of the dairy, beef and sheep
enterprises. For each aspect of resource efficiency and diversficdite number of farm managers
claiming to have taken any action in the past 3 years were recorded. Members of Glastir were also
asked whether the scheme had supported actibuall methods and results are available in Aregex

2-4. A survey of 15 farmsiithe Glastir Efficiency Grant scheme was carried out to quantify changes
in production efficiency. A full report is availableAinnex 8

Glastir Impacts

Positive Outcomes
1 4% increase in number of farms reporting they were undertaking actions to improve
diversification and efficiency of their farms compared to remheme farms (from 16% to
20%).This included the following specific increases:
0 +11% to improve nutrient efficrey
0 +17% to increase business diversification (Glastir Advanced only)
0 +8% to combat soil erosion
0 +13% to prevent biodiversity loss
1 9.5% and 18% decrease in tinerage carbon footprints expressed per kg of lamb live
weight and milkon surveyed farms in oeipt of Glastir Efficiency Grants, indicating
improved production efficiencyl hese results include embedded emissions resulting from
the production and transport footprints of materials bought and used by the farm (such as
animal feeds,drtilisers and fastic sheeting in the Bangor Carbon Footprinting Tadigse
embeddedemissions are not included in current national inventories but are important to
consider if emissions are not to be exportéitis complying witlthe WFG goal of a Globally
Responsible Wales

FIGURE GMEBVIEWI-1 Share of actions taken by farm managers for business improvement, by
aspect of resource efficiency and diversification, all surveyed farms (n 508).

= Fuel & Energy Efficiency
= Nutrient Efficiency
Animal Health

Diversification

= Water Use Efficiency
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TABLEGMEROVIEWB-1: Percentage (%) of farms taking action for business improvement, by farm
type and aspect of resource efficiency and diversification (n &0&3tir

Dairy 59 62 79 23 51

Beef & Sheep 28 32 62 23 26

National trends

Positive outcomes

1 Improvement in Welsh farm practices between 2009 and 2016. This is particularly the case
for manure management on cattle & sheep farms. These actions concerned activities
relating to the improvement of farm business through more efficient use of resouraks a
control of diffuse water pollution that were relatively simple to implement and involved a
low capital cost, such as soil nutrient testing and calibration of the fertiliser spreader. These
management actions have been encouraged through government gricudtural sector
advice and guidance, most notably the Code of Good Agricultural Practice, Cross
Compliance, Tried and Tested and Farming Connect. Increase in specific soil management
actions was patrticularly observed for dairy farms on grassland fields.

4.2 Profitability and wider sustainability

Outcome: Improving profitability and wider resilience

The extent to which farm managers hagnsidered Glastir had improved farm viability, changed
their management practices and improved wider sustainabifiag quantified by survey of 600
farms across Wales, representative of the dairy, beef and sheep entergfidemethods and
results are available in Annex 2, 3 and 4.

Glastir impact

Positive Outcomes
1 77% of respondents stated farm viability had increhss a consequence of receiving the
Glastir Efficiency Grant, with 21% reporting no change.
1 More than90% of respondents agreed thdet Glastir Efficiency Grants had encouraged them
to undertake new capital investments whilst 83% agreed that accetsetgrantincreased
their scale of planned investment.

Areas of concern / need for further action
1 34% of participants in the Glastir Entry and Advanced schemes agreed that participation in
anagiSY @ANRYYSyid aO0OKSYS KIR WOKI ofrdpared toed% Y I y I 3 S
of participants in the Tir Cynnal or Tir Gofal schemes. The response by the Glastir
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participants was unaffected by any histarfyparticipation in the previous schemes. It should
be noted this may reflect the intention of providing legacylaontinuity between schemes.

1 There was no reliable evidence of a change in the overall number of persons employed on
farm, although farm diversificatiowas most frequently associated with an increase.

4.3Climate Change adaptation

Outcome: Improvingumbers of farms undertaking action concerning climate change

The extent to which farm managers had taken action to adapt to climate change threats was also
quantified to identify if the knowledge, financial and organisational support provided through
participation in Glastir may help advance adaptation with the aim of building greater resilience into
both farm and forest businesses and the wider Welsh economy and environment to ongoing climate
change Full methods and results are available in Annex 2, 34and

Glastir impact

Positive Impacts

1 17% increase in number of farms in scheme compared tosoheme farms reporting they
were undertaking actions concerning climate change includicipns concerning flood,
drought, soil erosion, biodiversity, pests atidease and heat streggom 37% to 54%)

1 15% increase in investment by farms in schemerifarm renewable energy production
(from 21% t036%) although it is suspected that this is an attribute of the participanteent
than an effect of schemeCurent capacity is sufficient to offet an estimated 1% of net
greenhouse gas emissions from agriculture.

1 A majority (70%) of farms participating in Glastir and who had taken action on climate
adaptation also explicitly acknowledged the support provided by the scheme. This included
provision of relevant information (72%) and receipt of grants for capital imess (53%).

FIGURE GMEBVIEWJ}1: Share of actions taken by farm managers for adaptation to climate
change threats, all surveyed farms (n 508).

= Flooding

= Drought
Soil Erosion
Biodiversity

= Pests and Disease

= Heat Stress
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TABLEGMEPROVIEWG-1: Percentage (%) of farms taking action for adaptation to climate change
threats, ty farm type and threat (n 508

Dairy 9 9 22 13 27 36
Beef & Sheep 9 7 13 11 20 18
4.4\Woodland

Outcome: Woodland creation and management

The Welsh Government is committed to planting an additional 100,000 ha of woodland by 2020 to
provide ecosystem services, especially relating to wildlife habitat and caemprestratiod®. As

farmland covers approximately 71% of land in Wales, much siv woodland will need to be
planted on current farmland. Farms presently manage approximately one quarter, or 75,700ha, of
the current woodland are’d. Supportive measures to encourage farm woodland restoration and

L I ydAy3 KI @S o6SSy “hgughitrlodd Scheinksyati$yraniskvdth Betep n Q &
Woodlands for Wales being the most popular until it ende@011. The uptake of these schemes

by farmers wasricreasing between 2000 and 2013.

Only around 5% afioodlands in Walebave been designated for their international and national
importance to nature conservation and of this only 26% is ethss in a favourable condition.
However, woodland can be used for a wide range of services with some bringing financial gains. At
present only 3% of farm woodlands are used commercially, with the majority of farm woodlands not
appearing to generate any kind of incom&herefore, there is also a desim increase the

proportion of farmers harvesting firewood and timber from their woodland or generating income
from woodlands in other ways in order to contribute to the resilience of the agricultural sector.

Here we present a selection of indicators asghhevel summary of ongoing change in this important
ecosystemAs thefield surveymethodology used in GMEP is identical to that used in Countryside Survey
these datasets can be combined to look for ldagn national trends Future surveys can use the

baseline data to asses$be impacts of Glastir paymentSor reporting purposes GMEP focuses on small
woodlands and metrics of condition relating to natural resources rather than yield. The national estimate
for all woodlands isifferent to Forestry Commigsn datadue to smaller samples size but athee to the
capture of small woodland parcels by GMEP (< 0.5ha) which are not currently included in Forestry
Commission dataThese small woodlands are more likely to be targeted for Glastir payments.

13 National Assembly for Wales, (2013) Forestry in Wales: Quick Guide. Research Service, National Assembly for Wales,
Cardiff. 5 pp.

14|nstitute of Welsh Affairs, (2016) Agriculture and Fdadtitute of Welsh Affairss6 James Stree€ardiff BayCardiff.

CF10 5EZ. www.iwa.wales/click/vgpntent/uploads/16_Factfile_Agriculture&food.pdfaécessed 27/10/2016.

15Grove, R., (2015). Woodlands for Wales Indicators 20146. Welsh Government, @atys Park, Cardiff, 64 pp.

16 Forestry Commission, (2015) History of the Forestry Commission. www.forestry.gov.uk/forestrycrmm®r, Updated
08/05/2015.

17Marsh, R., (2013) Woodlamdanagement in Wales: Recent research and implications for policy. R Mé&bodland
Services and Wales Forest Business Partnership. 31 pp.
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Countrysie Survey / GMEP categorises an area to be woodland if it is more than 20m x 20m in area and
25% of he vegetation is above 1 m higlso recently felled areas will not be includédarious other
methodological differences exist therefore it is recommentieth datasets are considered together to

get a complete picturas they are very complimentar@ther sources of data include:

9 Biodiversity modelling work using tfgEHVultimove model(Annex 9);

1 Ecosystem service modelling and woodland opportunity mappsing thdJVW/CEHLUCI
model (Annex 10)

1 OurFarmer Practic&urvey (Annex-3)

A semistructured social survegf woodland managers and lamavners(Annex 6);

1 BTO/RSPB/INCC Breeding Bird Survey (BBS) data

==

A woodland opportunity map has also begeveloped ¢eeSection 8 Annex 19which avoids conflicts
with a wide range of other benefits / priorities includiagricultural productionyed squirrelhabitat,
historic features, designated laradc. and optimises for benefits for carbon and runoffdod mitigation.
This map could help future targeting of incentive schemes for woodland expansion and creation.

Impacts of Glastir

Positive Outcomes

1 11% (Entry) or 20% (Advanced) increase in the number of farms restoring or creating
woodland in the pasthree yearscompared to norscheme farms.
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Area for Concern / need for further action

1 Modelling work using the Multimove model indicates likely lag time e23@ears for soil
and canopy height conditions to be suitable for 4 indicator and 1 rare woodland tree and
ground flora plant species tested in response to 2 woodland Glastir présosgAWE 9b;
Create streamside corridor on improved land with tree planting; and AWE 24; Allow
woodland edge to develop out into adjoining fields). This indicates there is a need for
consistency in management if improvements in biodiversity are to biesesh(FIGURE
GMEPW-OUTCOMIB-1; Annex 9).

1 Modelling work using the LUCI model projecte®.8% increase in area accessible to
broadleaved woodland species in response to prescriptions included in Glastir contracts by
the end of 2016Area is limited byhe low uptake of woodland options. (Annex 10).

f  The LUCI model also estimaten additional2.5 t yr! (0.1% increase) extisequestration of
carbon was calculated to be delivered at the cost of reduced agricultural intensity on 4,451
ha. This area was dawraded from high and very high production to moderate production
or less. Limited reduction in actual production may be expected, since it is likely that less
productive land was chosen for reductions in intensity of farmimnéx 10.

1 Both the FarmePractice Survey (Annex 25)) and a series of focus groups and structured
interviews (Annex) identified a series dfarriers to uptake of Glastir Woodland Creation
and ManagemenSchemeRecommendations to remove these specific schéagiers
were:

o Apgication process should be simplified as operation prescriptions are a barrier
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o Scheme needs to be more flexible to account for external influences
Auditing process is complex. Penalties need to be clearer, auditing process less
threatening

o Payment ratesi@ obscure. There is confusion about what is covered, rates for
contractual labour
1 Project Glastir impact on greenhouse gas emissions and long term trends are presented in
Climate Change Section.

Baseline assessmentwbodland coming into scheme compared to

all of Wales

1 No difference in the condition afoodlands coming into the schentempared to national
average

1 Lower onnectivity of broadleaved woodlanghichis 73%of that found in Wles as a
whole.(TABLESMEPNRMOUTCOMH-1 in Section6; Annex 11)

1 Proportion of land in scheme which is woodland is lower than for all of Walea.o&
broadleaved woodland in scheme is 4% and for conifer 2% compared to national coverage of
6% and 7% respectivelybased/ / 91 Q& [ 1200RO02 BSNJ Y I LJ

National trends

Positive Outcomes

Overall a picture of stability has emergfea our woodlands. This does not appear to reflect the
ambitious targets for expansion of woodlands set by the Welsh Government nor the multiple
benefits woodlands can bring for biodiversity, carbon sequestration and water regulation.

1 Animprovement in acient woodland indicator plant species in large broadleaved
woodlands which have increased in the last 10 years. These plants may have benefitted from
shadierup until 2007 after which no change has been obsenridikis not seen in small
woodlands.

1 Stability in all other condition metrics including connectivity, patch size and light/shade
index over the last 10 years

1 Anincrease iBTO/RSPB/JN®teeding Bird Survey (BB®)odland bird indicatoover the
last 8 years.

1 The Farmer Practice Survey identifiwoodland was most frequently managed all or part of

GKSANI 622Rf YR F2NJ agAftREAFTS KFEoAGFGE OocHw:r0X

(44%).The survey rankings match those reported by Cao and Elliott ¥)0r6wever, Cao

YR 9tfA200 o6nnmp0 YFE1S I LRGSYGAFfE@ AYLRNII
FTANBG22R TF2NJ LISNE2YFE dzaSé 6nm:2o FyR a2

YI'TS I RAalGAYyOiGA2Yy 0S(6SSty NEDRBIABMZYW [2yFR | NB§
onT20 FYR a2 LINRPOGARS Lzt A0 I 00Saa FyR NBONJ

8 Cao, Y. and Elliott, J., (2015) Glastir woodlands and element uptake gUFire} report. Welsh
Government. 110 pp.
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recognise the separate private and public services resulting from woodland management.
(See Annex-B).

Areas for concern/ need for furtheaction
1 No change in the area sfmall woodland (< 0.5ha). The small amount of area planted

within the scheme (3,928a) iswithin the variability of the GMEP sample. These small
woodlands are the woodlands most likely to be affected by Glastisand the small
increase reported by the National Forestry Inventory in forest area as a whbeknot
appear to reflect the ambitious targets for expansion of woodlands set by the Welsh
Government noexploitthe multiple benefits woodlands can bring for bioelisity, carbon
sequestration and water regulation.
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FIGURE GMEP-W-OUTCOME-A-3: Trends in Woodland Creation and Management. Figures show:

Total area of Woodland in Wales;
Coniferous Woodland in Wales over time;

Total area of Broadleaved Woodland in Wales over time;

The area of small woodlands in Wales over time, created by national estimates from field survey (CS and

GMEP)
Ground Vegetation Light Score as a proxy for canopy density;

Mean number of Ancient Woodland Indicator species;

A Habitat Connectivity index for Broadleaved Woodland over time (uses simple metric of straight line
distance) for GMEP squares (additional data is available for all Wales in the Resilience Section of the

report);

BTO / JNCC / RSPB Breeding Bird Survey Woodland Bird Indicator
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FIGURE GMEP-W-OUTCOME-B-1 Multimove model results for Woodland expansion (AWE 24) and Streamside buffer
strips (AWE 9B) for 2 example target plant species. Scenarios cover 23 years of natural succession from baseline
habitat of a) improved grassland or b) arable due to Glastir prescriptions relative to target habitat of broadleaved
woodland. Model results are available for 5 species: blackberry (Rubus fruticosus), common ash (Fraxinus excelsior),
common hazel (Corylus avellana) and bluebell (Hyacinthoides non-scripta) and Betony (Stachys oficinalis). See Annex
9 for full results and model description.
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TABLEGMEPW-OUTCOM#E-3: Trends in Woodlanthdicators Data from Countryside Survey (CS), GMEP, Forestry
Commission (FC) and BTO/JNCC/RSPB Breeding Bird Survey (BBS).

Significant differences ovelata series and latest pericate indicated by: + significant increassignificant
decrease; = no changefannot available Significant differences between land in scheme compared to all Wales is
also shown.

Total Woodland

306
Total Woodland (150 conifer,
I NI o9 156
Broadleaved)

Woodland increase increase

All broadleaved 173
Woodland| woodland Area 172 178 175 p— = —
oWnnna
All oniferous
Woodland woodland 130 138 145 130
oWwnnna
Large
Broadleaved
Woodland
Woodland Ancient 2.0 2.0 1.8 2.4
Woodland
indicator plant
specied
Large
Broadleaved
Woodland|  Veodland 61 | 61 | 58 5.8 - — —
ground
vegetation light
scoré

Small Woodland
I NBI 6 9]
Small
Broadleaved
Woodland
Woodland Ancient 1.5 1.8 1.2 1.6
Woodland
indicator plant
species?®
Small
Broadleaved
Woodland|  Wecdland 63 | 62 | 6.0 6.2 — — —

ground
vegetation light
scoré

I
+
I

Woodland 210 | 275 | 28.9 31.,0 — — -
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Woodland| Connectivity 0.10 | 0.10 | 0.10 0.08 — —

Woodland Patch size 6095 | 5213 | 5840 6357 = = N / a

Woodland Bird
Woodland Indicator 1.222 |1.235
(averaged)

Available Recent
2018 increase

Woodland Birds 1.089 |1.057| 0.955 Baseline

Pollinator$ Ongoing analysis n/a
INational extent of woodland estimated from the sampled survey data using a statistical approach based on the samplimgthiesign
landclasses (created using variables such as geology, soils and climate)

2 Data taken from NFhttp://www.forestry.gov.uk/pdf/ForestryStatistics2014.pdf/$FILE/ForestryStatistics2015.pdf

3 Number of Ancient Woodland Indicators per 4random plots located in all areas mapped as broadleaved woodland Broad and Priority (sec
8) Habitats. The indicator is under development and will change. At present it is based on an indicator species list largdlfjod&ngland

and we hope to replace these counts with a Wadedy indicator in the near future

4Mean Ellenberdight scoreper 2x2m plot thatindicates light preference of ground vegetation is used as a proxy for canopy deétighgr

numbers indicate more light.

5Uses simple metric of straight line distarmetween woodlandsvithin the GMEP 1km squares

6Includes only broadlesd woodland < 0.5ha not captured by the National Forestry Inventory.. National extent of woodland estimated from
the sampled survey data using a statistical approach basedratom stratifiedwithin ITElandclasses (created using variables such as

geolog, soils and climate)

7 Average, standardized count data for 31 species recorded in all four years of GMEP. Further woodland species were renerdet ior

three years and could therefore provide additional information from future, repeat sun&gsificance was assessed from the average linear
trend across the four years for the same species set.

8Pollinator abundance is summarised at the 1km square level and so cannot be meaningfully separated into fractions asghdatedn

or out of Gastir. Future analysis will explore whether counts recorded at particular transect locations can be associated with tremaanag
status of adjacent habitat.
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4.5Biodiversity

Highlevel Indicators have been selected which cover different elements of biodiversity both for the
countryside as a whole and for Priority Species and HabNati® that soil and water diversity have

not been includedereas they are included as indicators for Soil and Freshwater Outcdhies.

important the wider countrysideis 8 8 SaaSR | a ¢Sff | dtoensud) 0 A 2 RA JS NEA .
conditions are not so hostile as to prevent the movement of species e.g. due to cthaige.

Greater diversity is also thought togoort greater resilience of ecosystgmnocessesvhich we rely

on forsomebenefitsthe wider countrysidaleliversincludingthose infarmlandalthough the

evidence is not strong or absent for some ecosystenises®.

The GMEP Biodiversity results have been used for a range of assessments over and above that of
baseline measurements to assess future Glastir impacts and long term national trends. These
include:

Species AccouniEhe GMEP biodiversity data asdevant to the evidence base required to track
LINEPINBaa (261 NRa NBOSNEAY3I GKS RSOfAYyS 2F 21 fSA&C
under the Convention for Biological Diversity 2020. For example they have been used to test an

approach for oeating National Species Accouiits

Area:With respect to extentGMERcan providean estimate irspecific Broad Habitats ammerall

change in area afeminatural habitat This provides an independent estimate of change in seriral

land which is on@roposed indicatofor tracking progress towards the goals of the \WBding of Future

Generatiors (Walespct2015with respecttoK S W! NBI 2F | St f i Kfeofdeddtéd @ 3 1 SY a
sensingwhich currently provides only-80 years snapshots of chani landcover is likely to be able to
providemore spaial coverageandnew rolling programmes are being planned which could deliver a

more frequent data source. However ongoing problems with accuracy will remain and some element of
ground-truthing to adjust estimates for difficult habitats such as grasslantinayslikely tobe needed.

Priority species and habitaBue to the rare nature of some Priority Species and Habitats, and the
many 1000s of parcels of land involved, a subset of 12 Pridabjtats have been selected for reporting
using the survey data together with a subset of Priority birds and butterflies. For all other Priority species,
GMEP is developing metrics quantifying improvement in habitat specifically required for each species.
Results for five species and one graup presented to illustrate this procedapwing, curlew,

dormouse, rare arable plants, lesser horseshoe bat and the marsh fritillary butterfly. This approach
reflects the rationale behind Glastir farmer paymentsdogating or improving the condition of habitat
within areas with known populations of the Priority speciesthe future, a repeat field survey could
report on the success of those payments by detecting whether changes in habitat area and condition
resuting from the impact of options has actually occuriadareas targeted for the priority species
Combining this type of analysis with any chanigesctualabundance of theriority speciesrom a range

of monitoringand recordingscheme<ould provide aded confidence Glastir has supported

improvement in both habitat and the species populatioetéztion level and attribution isften

19 Biodiversity loss and its impact on humanitpardinale, Bradley J.; Duffy, J. Emmett; Gonzalez, Andrew;

Hooper, David U.; Perrings, Charles; Venail, Patrick; Narwani, Anita; Mack, Georgina M.; Tilman, David; Wardle,
David A.; Kinzig, Ann P.; Daily, Gretchen C.; Loreau, Michel; Grace, JameagaBddraej Anne; Srivastava,

Diane S.; Naeem, Shahid. (20M2Yure, Vol. 486, No. 7401, 07.06.2012, p659

20 UNEPWCMC (2016) Exploring approaches for constructing Species Accounts in the context of tRESEEA
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challenging due to the multiple drivershich can affect populationsnd this combined approach
could help toprovide amore explicit linkFurtherinformation can be founih Annex 12

High Nature Value (HNV) FarmlaThis hadeen defined a8’ NS & Ay 9 dzZNR LIS 6 KSNEB
major (usually the dominant) land use and where that agriculture supports or is assowuitited

either a high species and habitat diversity or the presence of species of European concer@or both

The use of igh Nature Value Farmland (HNAg) animpactindicator for Glastir and the RDP is a

regulatory requirementAs part othe GMERcontract the team were asked to develop an approach

which could exploit national level daia partnership with some key stakeholdeRepeated rounds

of analysis and consultation with stakeholders have resulted in final agreement on the

methodological pproach to defining the extent and condition of HNV in Watehull report is

available inAnnex 11In summary, tiere are 3 types of HNV farmland:

Type 1: Farmland with a high proportion of sematural vegetation
Type 2: Farmland with a mosaic of habitats and/or land uses
Type 3Farmland supporting rare species or a high proportion of European or world populations

Satistical approaches were taken to test the fundamental hypothesis that amount ofisatuial

habitat (Type 1 HNV) and habitat diversity and complexity (Type 2 HNV) could explain gradients in
range of dfferent elements obiodiversity across Wale¥/e used data from GMEP baseline
measurements covering mapped habitats (broad and section 8 priority habitats, hedgerows, trees,
streams), plants (including Common Standards Monitoring indicators of habitat condition, woodland
and wetland plants), and bird dmpollinator numbers and diversity (bees, butterflies, rare
invertebrates) counted within the squares. Based on the analysis of the GMEP 1km squares we
scaled up to a national map of all 1km squares in Wales. This was accomplished using statistically
signficant variables from step 2, which represented the two axes of habitat complexity and land use
intensity but where the datasets representing each axis were available for all 1km squares as
opposed to just GMEP field survey squares: The variables are:

Wetland connectivity

Grassland connectivity

Heathland connectivity
Broadleaved woodland connectivity
% of semnatural Habitats

Rare and occasional soils

Density of hedgerows

% of Improved land

Habitat diversity

=4 =4 =4 =4 -4 -8 -8 -8 9

Data comes from the Land Cover Map, the saaWay of England and Wales (NATMAP) and the NRW
Phase 1 survey i.e. all nationally available data sources. Connectivity between habitats was

maskel! Andersen E., Baldock D., Benhet Beaufoy G., Bignal E., Brower F., Elbersen B., Eiden G., Godeschalk F., Jones
G., McCracken D.l., Nieuwenhuizen W., van Eupen M., Hennekes S., Zervas G. (2003). Developing a high nature value
indicator. Report for the European Environment Agency, Gbagen.
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determinedby calculating the distance between habitat patches of the same type i.e. woodland,
wetland, grasslandjeathland and averaging over the 1km squa¥eplying theoutcome of the

analysis to the whole of Wales gives an estimate of approximately 15% of land as Type 1 HNV and
15% as Type 2 with an overlap of 2%, hence 28% of Wales in total is Type 1 or 2nidi\d far
(FIGURESMEPBD-OUTCOME>-1,a and b). Note that the cutoff point separating HNV from nen

HNV is essentially arbitrary since the underlying ecological gradients that have been used to define
HNV are continuous in nature. Whilst we have estimated the extent of HNV Type 1 and 2 at the
nationalscale, the approach ought to be able to accommodate regional variation. To this end a
prototype HNV exploratio tool was producedThis is a webased application that would allow

users to explore the impacts of adjusting it values for variables thatefine HNV on the extent

and location of HNV in their region of intere$ype 3 HNV which captures land important for rare
species Further work is needed to incorporate dp-date species distributional data at optimal
resolution. Since the focus is oare species, datasets from the Wales Local Environmental Record
Centres should be fully exploited to increase the accuracy and realism of a map of Type 3 HNV
(FIGURESMEPBDOUTCOMIE-1,0).

To see the use of HNV metrics in the assessment of resilieta@edivhich has come into the Glastir
scheme compared to the national average 3&8LESMEPNRMOUTCOMH:1, Section 6

ResilienceGMEP covers different elements of biodiversity which could contribute to resilience of
our natural resources and the benefits they deliver i.e. diversity, extent, connectivity and condition
of habitats and species. We have brought together these indisatdection6 to visualise

differences of land in scheme compared to all Wales to ask the question: Are properties associated
with resilience greater for land in the Glastir scheme compared to national average? Future
assessments could use the same apptot compare rates of change in and out of scheme.
However, additional work is also needed to understand how the benefits of some of these landscape
properties could reduce resilience and increase risks e.g. for water and contaminant runoff, spread
of dissase and pests. Even for biodiversity, some of these landscape properties do not sit well with
some priorities for biodiversity such as the High Nature Value Type 2 farmland which is associated
with a mosaic of land uses. By definition this type of laritlhei fragmented with relatively low

areas for each habitat. Finally, resilience may not be something we want for land in poor condition
as it will be hard to change.

Headline results
Thehighlevel Outcomeridicatorsfor Biodiversityare:

Speciesichnes forplants, pollinators and birds in the wider countryside

Habitat condition as indicated by Common Standard Monitoring plant indicators,
Habitat condition as indicated by habitat diversity and patch size

High Nature Value Faramd(Types 13)

Total diversity of all bird species

Farmland bird indicators for different habitats

Abundance ofpriority bird specie$% populations increasing or stable)

Pollinator count

Metrics indicating habitat conditions required ByPriority Specigand one species group

© 0N~ wWDNPR
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10. The condition of 2 Priority Habitatg5 availabé at present. The full set requires additional
analysigointly with NRW.

As the sampling and analytical methodology used for plant biodiversity assessment in GMEP is
identical to that used in Countrysidgurvey these datasets can be combined to look for-kemng
national trendsData is also provided frothe BTO/RSPB/IJNCC Breeding Bird Survey and UK
Butterfly Monitoring Scheme to give an indicationotfier high qualitong term trends

The overalpicture of biodiversity in Wales is complaxd variableSpecialist species continue to be
under threat even though some improvements are occurring, €.g. 35% of priority bird species
continue to decline whilst 65% are stable or improving. Specialistdtas dwarf shrub heath also

appear to be declining in area whilst others such as blanket bog are improving. Land which has come
into the scheme appears to be dominated by large areas ofew@lhected semnatural land rather

than mosaics of different Hatat types and large variability in condition resulting in no overall

difference in condition.

Glastir Impact

Postive Outcomes

1 Multimove modelling projects that habitat suitability will improve for the majority of target
plant species they are intendead benefit in schemelndividual Glastir prescriptions resulted
in the expected changes in habitat suitability for 75% of the 21 plant species modelled,
resulting from deintensification of vegetation management and changes in soil properties
(Annex 9).

1 Fams in scheme ar&3% more likely to haviaken action to combat biodiversity loffsom
6%to 19%)(Annex 4)

Areas for concern / further actiomeeded
1 Modelling using the Multimoveelating to bracken control in acgtasslandsuggests a long
lag periodof 10-23 years for habitat to become suitable for 21 common and rare species
associated with target habitats. This highlights the importance of consistency (and patience)
for the benefits of changes in management practices to be realEkI{REMEPBD
OUTCOMIPZ, Annex 9)

Baseline assessment of lamdschemerelativeto national average

1 54% of land in scheme g&minatural habitat compared to the national average 4i%.
Values were similar whether calculated from the GMEP field swgegres or from landcover
data for all of Wales indicating the effective sampling strategy used by GMEP.

1 27% of land in scheme is High Nature Value Type 1 farmland which is characterised by having
a high proportion of sermnatural land. This compares td% Type 1 HNV for all of Wales

1 There was little difference in Type 2 HiNkich is characterised by having mosaics of habitats,
with 18% in scheme compare to 15% in the national average. Habitat diversity was also similar
in scheme and for all of Wales.

1 Wetlands, grassland and heathland are all more connected in scheme compared to national
average (189%, 135% and 154% respectively) whilst broadleaved woodland is less connected
and there is lower hedge density in scheme compared to all of Wales (73% and 74%
respectivelyYTABLESMEPNRMOUTCOMA-1, Section 6 Annex 11)
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T Overall there is no statistical difference in thiant speciesvhich indicate conditioron land
which has come into the scheme relative amdl out of schem¢TrABLESMEPBDOUTCOME-
3). The high variabilityof land in scheme indicatechpture ofa greater diversity of lantype
and conditionrelative to past schemes. It is important that this baseline has been
established as it will provide far greater power to detect change going forimdtdure
surveys. Change can be calculated both as change from specific starting conditions rather
than a rather variable mean and change relative to that seen in both the national average
and land out of scheme.

1 No differences were identified for the cdition of priority habitats using Common Standard
Monitoring plant species in scheme compared to outside.

1 Habitat suitability for fiveriority species and one species group (Marsh fritillary, Lapwing,
Curlew, Dormouse, Lesser Horseshoe Bat andaiadgle plants) in and out of scheme
option was testedNo difference in 50 out of 60 tests was found for landelevantscheme
optionsversus that outsid¢TABLESMEPBD-OUTCOME3).

Preliminary analysis ofipact of past agrenvironment schemes

1 New analysis of data fro®TO/JNCC/RSBBeeding Bird Survag Walesfollowing the
approach published for Englai@ta?? 2 has identified a series dfir Gofabptionsfor which
positive associations were much more common than negative ones. Thizanasilarly
strong for woodland and hedgerow management, followed by arable seed provision and
scrub managemen{Annex 13)

1 Aninitial exploration of the legacy effect of 9 Tir Gofal options on plant species composition
used a suite of 45 indicators. Thealysis was limited to where Tir gofal options coincided
with Yr 1 and 2 GMEP survey squares. The results indicated

o Some evdencethat upland heathlandvhich had been in Tir Gof@Dption 5)
continues to have more appropriate mix of grass afatb speges. The monitoring
programme for Tir Gofafalsoconcludel that heathland sites were generally being
well protected by Tir Gofal, with 45% of sites improving in ecological condition. The
report also concluded that changes in condition in heathland wkedylito occur in
the long term as most changes were observed in only the second of two resurveys,
eight years after the start of Tir Gofdlhis supports the Multimovmodelling
projectionsthat vegetation response to management change can tak23 Qears
and consistency is required in management schemes if the intended outcome is to
berealised

22Morris, A.J., MacDonald, M.A., Smart, J., Haysom, K.A., Rasey, A., Williams, C., Hobson, R., Dines, T.,
Parry, R.J. & Wilberforce, E.M. 2010. The role of desk review in assessing the potential for

biodiversity delivery by the Tir Gofal agrnivironment scheme in Wale#spects of Applied Biology,

100, 8999.

23 MacDonald, M.A., Morris, A.J., Dodd, S., Johnstone, 1., Beresford, A., Angell, R., Haysom, K., Langton,
S., Tordoff, G.M., Brereton,T., Hobson, R., Shellswell, C., Hutchinson, N.TDM&kerforce, E.M.,

Parry, R. & Matthews, V. 2012. Welsh Assembly Government Contract 183/2007/08 to undertake
Agrienvironment Monitoring and Services: Lot Species Monitoring Final report: October 2012.

24 Medcalf K., Whittick E., Turton, N., Crd3s,2012. Wales Agfinvironment Monitoring Lot 1: Habitats. Final
Report. Welsh Government.
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o For ungrazed broadleaved woodlataption 1A)species richness was higher in
plots that had entered Tir Gofal before 2006 compare to that after 2006. There was
no evidence fon legacy effect for @ther Tir Gofabptionsexploredhowever,the
analysis only included Year 1 and 2 data tislinitialanalysis demonstrates the
potential value of thispproach(Annex 13)

Long term national trends
Positive outcomes

il

Recent positive trendsver the last 10 yeairis the presence of plant species which are
indicative of good conditiofor habitat and impreed land. No change in condition of
woodlands and arable habitats.

Improvement in the Priority Habitat Blanket Bg§GUREMEPBD-OUTCOME-1) and

Purple moor Grass and Rush Pas@sendicated by presence of plant species which indicate
good condition These habitats have been targeted for improvement for many years and
many actions have been undertaken to support their recovery. The relative importance of
restoration practices, an improving pollution climate and/or rainfall changes need to be
explored

Initial analysis suggests a recent increase in the area of bl&kgeandmontane habitats.

A decline in woody species richness in the priority habitat of hedgerows and amount of new
planting but increased evidence of hedgerows being managed

For freshwater Priority Habitatssee Freshwater Section 4.6

A new metric for priority bird speciesalculatedfrom the BTO/JNCC/RSPB Breeding Bird
Survey indicates 65% have stable or increasing populatitmsre is na@onsistent trendin

this indicata over the last 20 years

BTO/IJNCC/RSPB Breeding Bird Survey data indicatecrage decline (15 years) in lowland
farmlandspecies that may have turned upward since 2012, a decline in upland species from
2008 that turned around after 2011 t&ble overall bird diversity over the last 15 years

A composite indicator of Butterfly Monitoring Scheme data indicates a historic decline in
specialist butterfly specidsut no further decline over the last 10 years. Stable trends for
more generalist butterflyspecies.

Analysis of opportunistic recording datg many different organisatiorfer 18 poorly

studies groups covering 1,990 native species over the period-290@9 identified10

taxonomic groupsvith negative net change trends, with the remaining 8 tagmic groups
showing a positive net change treffa the period 199€2000(Annex 14)

A decline in habitatliversityand an increase in mean patch sittg habitatand woodland

over the last 20 years which suggestduced fragmentation.

Two new proposed High Nature Value Farmland Indices have been developed in collaboration
with a range of stakeholdersdigh Nature Value farmland Type 1 farmland which is
characterised by having a high proportion of seratural land represents 14% of Walélype

2 HNV which is characterised by having mosaics of hab&ptesents 15% of Wale§.ABLE
GMEPNRMOUTCOME-1; Annex 11).

Areas for concern / further action needed

il

A recent decline in the area of dwarf shrub heath.
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1 BTO/INCC/RSPB Breeding Birdejudataindicate an average decline (15 years)léavland
bird populations which may have turned upwards since 2012.

1 New analysis dBBTO/IJNCC/RSPB Breeding Bird Surveyfala@MEP to create a priority bird
index suggests 35% of priority bird speciesain at risk with declining populations.

1 New analysis of trends in undstudied species by the Biological Records Centre identified 10
taxonomic groups with negative net change trends, with the remaining 8 taxonomic groups
showing a positive net changeend for the period 1992000(FIGURESMEPBDOUTCOME
F1). The data was captured by opportunistic biological recording by 16 societies and recording
schemes
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FIGURE-GMEP-BD-OUTCOME-A-3: Trends in Habitat Condition including:

a. High-quality habitat plant indicator species (positive Common Standard Monitoring (CSM) Species) for Habitat
Land®. (Indicator species were drawn from a compilation carried out by Botanical Society of Britain and Ireland
in 2013 based on published CSM guidance notes);

b. High-quality habitat plant indicator species (CSM positive) for Improved Land?

c. Trends in habitat diversity (Shannon diversity index- standardised to create value between 0 and 1);

Trends in mean habitat patch size for habitat land and broadleaved woodland.
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1 Habitat Land follows the description in Glastir guidance and is defined as all vegetation with less than 25% total cover of White Clover and Rye Grass species. It
also excludes woodlands, arable, linear features and urban habitats and therefore focusses on semi-natural habitats.

2 Improved Land is defined as all Improved Grassland and if Neutral Grassland then with greater or equal to 25% total cover of White Clover and Rye Grass
species.

e Estimates based on additional data sources Value which we are 95% confident

the true average is more/less than.
= = = — Estimates based on GMEP data

O Annual national average based on GMEP data o Annual estimates for land in Glastir
o g\[:;;”dgi:onal average (2013-16) based on [ ] Overall estimate (2013-16) for land
in Glastir
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FIGURE-GMEP-BD-OUTCOME-B-3: Trends in Biodiversity including:

a.
b.
c.

Number of plant species in Habitat Land

The total number of plant species observed in 4 m? plots located in Habitat Land.
The total number of plant species observed in 4m2 plots located within Improved Land.
BTO/JNCC/RSPB Breeding Bird Survey data
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FIGURE-GMEP-BD-OUTCOME-C1: Trends in condition of the Priority Habitat Blanked Bog for a set of indicators:
Common Standard Monitoring Species
Species richness, Sphagnum cover, Eriophorum vaginatum cover, Dwarf Shrub Heath and vegetation moisture

a.
b.

o

index for 2mX2m plots
Trends in blanket bog condition as indicated by topsoil carbon concentration
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FIGURE GMEP-BD-OUTCOME-D1: An example of Mulitmove projections of change in habitat suitability. Here
projections of the likely success of bracken control on acid grassland (AWE 44/Common land) for common bent grass
(Agrostis capillaris); sweet vernal grass (Anthoxanthus odoratum); bilberry (Vaccinium myrtilus) and dog violet (Viola
riviniana) in the Conwy catchment over a 10-23 year period.
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FIGURE GMEP-BD-OUTCOME-E1: Percentage of bird species tested with positive, negative and non-significant
associations with Tir Gofal option groups targeting specific habitats or resources. Numbers in parentheses show how
many species were tested for each option type.
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FIGURESMERPBD-OUTCOME=1: A bar plot showing the proportion a&lpecies that fall within each
trend category based on the change in the probability of observation between 1990 and 2000. The
number of species for which trends were estimated is listed in brackets alongside the name of the
taxonomic group. Net change waegative for 10 groups (red > green) whilst aifjes net change
was observed fo8 groups (green > red).
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FIGURE GMEP-BD-OUTCOME-G1: Draft maps of High Nature Value farmland in Wales

a.) Type 1; a high proportion of semi-natural land, low land-use intensity

b.) Type 2; complex habitat structures, high habitat diversity, woodland connectivity, hedgerows.

c) Draft maps of Type 3 High Nature Value farmland in Wales created using the Glastir advance target layers of
species/habitats and their scores within the Glastir advanced scheme i) species, ii) habitats

a
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b

Type 2 HNV - Habitat complexity
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TABLE-GMEP-BD-OUTCOME-A-3: Trends for Habitat diversity and condition, and species richness. Habitat condition
is calculated from presence of high quality plant indicators. Plant species richness are split by Whole Farm Code
habitats for high level reporting.

Significant differences over data series and latest period are indicated by: + significant increase; - significant
decrease; = no change; n/a not available. Significant differences between land in scheme compared to all Wales is
also shown.

High Nature
Farmland Value Type 1 N/A 28 N/A +
and 2 (%)
Habitat
diversity (no. AllE 0.68 0.68 0.72 0.69 0.63 - - =
of habitats)
Mean Patch Habitat and
size (m?) Woodland 8135 8743 7047 8829 9828 + = =
i 2.0 2.7 1.7 2.1
Hab_lt.at Arablet = = =
condition
Improved 1.97 1.95 1.76 2.55 _ _
Land? - + -
5.60 5.65 5.26 6.09
Habitat Land? = + =
2.04 2.10 1.85 2.22
Woodland? = = =
4.44 4.40 3.97 4.65
Wales* = + =
. 6.85 875 4.95 7.61
Plant species
. Arable = = =
richness °
Improved 9.80 10.80 9.31 11.97 _
Land + + -
11.44 11.17 10.58 12.37
Habitat Land = + =
Woodland 11.9 12.0 111 11.0 = = -

* Number of annual forbs per 4m? in arable fields.

2 Number of positive Common Standard Monitoring {(CSM) indicators per 4m? random plot for any of the habitats listed in JNCC guidance notes. Improved
Land is defined as vegetation mapped as Improved Grassland or if Neutral Grassland then with >=25% summed cover of Lolium perenne, L.multiflorum and
Trifolium repens. Habitat Land comprises all vegetation with <25% cover of Improved Land indicators if Neutral Grassland and excludes Broad Habitats
mapped as woodland, arable, improved land, linear features, rivers, open water and canals, inland rock or urban.

3 Number of Ancient Woodland Indicators per 4m? random plots located in all areas (small and large) mapped as broadleaved woodland Broad and Priority
(sec 8) Habitats. The indicator is under development and will change. At present it is based on an indicator species list largely defined for England and we
hope to replace these counts with a Wales-only indicator in the near future.

4 Numbers of positive CSM indicator species summed across all published lists and counted in 4m? plots in all habitats.

* Vascular plant species richness per 4m? plots classified to the same habitats as for Habitat condition categories.
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TABLEGMEPBD-OUTCOMI-2: Trends in Biréind PollinatoDiversityand comparison of diversity
of land in scheme compared to the national average

Recent
Bird Farmland | 0.98 | 1.00- | 0.83 | 0.80 .
diversity Lowland | 1.17 | 1.03 | 1.03 | 1.00 | 089 | 091 | 084 Increase(2
- years)
2
Farmland | 0.76- | 0.95- | 0.97- | 0.79 o Recent
Upland | 1.08 | 1.2 | 109 | 096 | W@ | 1| 108 ) 2 increase
E:
Diversity of No consistent
Y 28.60 | 30.46 | 30.2L | 27.49 | 27.42 | 2851 | 29.52 trend
all species

088 | 091 | 091 | 0.89

Bird Diversity of

diversity all specie’ (0.85 | (0.90 | (0.88 | (0.86: | Baseline data

0.92 | 0.93 | 0.93 | 0.9

Pollinator | Butterfly, 193 | 159 | 138 | 122
numbers | bees and (149 | 132 | (114 | (92 | Baseline data
per site hoverflieg 251) | 193 | 166) 160)

HAYLA2YQ4 RAOGSNBAGE AYRSE OFtOdA  iSR dzaAy3a RIFEGE F2NJFEE oA
in the sample.

2Mean count of numbers of individualscorded per GMEP 1km square based on a Poisson GLMMYs-£onfidence

interval).

3 Pollinator abundance is summarised at the 1km square level and so cannot be meaningfully separated into fractions

associated with land in or out of Glastir. Future analysil explore whether counts recorded at particular transect

locations can be associated with the management status of adjacent habitat.
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TABLEGMEPBD-OUTCOMB-3: Trends in Priority species.

mean mumber o 6 | 3 | 4 | 1 | casele
individuals per site @11) | (25 | @95 | (1) data

Baseline

Priority bird species data

1The following seton 8 butterfly species were found in GMEP 1km squdretsveen2013and 2016 White-letter

Hairstreak, Wall Brown, Graylin§mall Heatland Large Heath.

2The total abundance (sum of maximum counts per species) of all Section 8 species, averaged aarusy atjuares in

the sample.

3 Data for Battailed Godwit, Tundra Swan, Common Cuckooa&ian Curlew, Common Scoter, Dunnock, Belked

Brent Goose, Common Grasshopper Warbler, Golden Plover, Hawfinch, Herring Gull, Hen Harrier, House Sparrow, Kestrel,
Northern Lapwing, Common Linnet, Lesser Redpoll, Marsh Tit, Greenland Greatefrdfited Goose, Pied Flycatcher,

Reed Bunting, Ringed Plover, Ring Ouzel, Sky Lark, Spotted Flycatcher, Common Starling, Song Thrush, European Turtle
Dove, Tree Pipit, Eurasian Tree Sparrow, Twite, Wood Warbler, Yellowhammer, Yellow Wagtail; data take8 fidieBEE

and other sources (see Appendix 5.3 in the GMEP Year 2 report for more information)

4 Dataare available for Bullfinch, Cuckoo, Curlew, Dunnock, Grasshopper Warbler, Herring Gull, House Sparrow, Kestrel,
Lapwing, Linnet, Lesser Redpoll, Lesser Spotted Woodpecker, Marsh Tit, Pied Flycatcher, Reed Bunting, Skylark, Spotted
Flycatcher, Common Starlin§ong Thrush, Tree Pipit and Yellowhammer.
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TABLEGMEPBD-OUTCOME=1: Habitat suitability fo6 priority species in scheme compared to out
of scheme

Dormouse 6 0 0
Marsh 24
fritiﬁ;Sry 1 1 50 out of 60 tests for
in a test set of 6 specie
Lapwing 6 1 1 S
indicated no
Curlew 6 1 1 .
R bl 3 difference between
arle atra ¢ 0 0 in and out of option
o habitat
Lesser 24 4 0
Horseshoe Bai

1Differences between habitat which has come into relevant Glastir species options versus that outside were analysed in
terms of 54 habitat condition indicators across six section 8 species; Marsh fritillary, Lapwing, Curlew, Dormouse, rare
arable plants ad Lesser Horseshoe Bat. When repeat data are available we will report tests of change in ecological impacts
between land iroption versus ecologically equivalent baseline landafubption. See Annex 12 for further details.
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TABLESGMEPBD-OUTCOME-3: Trendsfor condition of 12Priority Habitas and comparison of condition
of land in schera relative to national average. étricsonly available for 5 habitatcurrently. Additional

analysis required to align with past data from NRW Phase | Stow#he remaining 6 we hope to report
against namelyArablerare plantsby count of annual forbs per 1x100m plots located at random on the
cultivated margins of arable fields. For Upland heath; Lowland Heath; Fen; Lowland hay meadoivof
positive Common Standard Monitorii@SM)jndicator species per 4amandom plot. Piority Woodland by
count of Ancient Woodland Indicator species per’4endom plot summed across Lowland Mixed deciduous
woodland; Wet Woodland; Upland Oak Wood; Upland mixed Ashwood.

Significant differences over data series and latest period are indidate + significant increasesignificant
decrease; = no change; n/a not available. Significant differences between land in scheme compared to all
Wales is also shown.

Blanket bog| CSM 17 | 24 | 3 45 + + —
Purple Moor _
grass and CSM 2.7 3.6 + —_
rush pasture
Woody
Hedgerows | species 5.8 6.7 5.4 — - =
richness
Less than —
2m high 60.7 | 63.7 73.4 + —_—
(%F
Managed —_
067 75.9 | 849 | 882 + =
% newly —_
planted 7.4 4.6 2.3 - -_
(%F
Layed and _
coppiced 7.1 5.4 15 - _
(%f
Small Reported under Water Outcome
streams
Ponds Reported under Water Outcome
Additional analysisrequiredto align with past data from NRW Phase | Survaalysis of
condition indicator richness within vegetation plots assigned to groups of Priority Habitat
Other PH3 - ; L .
showed no significant differences between habitat in scheme versus the national average f
habitat goup.

1From vegetation plots aligned to hedgerows

2From mapping of hedgerows

3 Before comparisons can be made within individual priority habitats, differences in definitions need to be harmonised so
that NRW and CS/Gmep data can be jointly analysecegalliated in the knowledge that subsets of quadrats are

referenced to the same kind of vegetation. This process of alignment requires ongoing collaborative work. In the interim

we analysed vegetation plots assigned to the following habitat groups anddodhpriority habitats; woodlands (Lowland

Beech & Yew, Lowland mixed deciduous, Upland mixed Ash, Upland Oak, Wet woodland), Fen, Upland plus Lowland heath,
Arable field margins (1x100m cultivated margin plots), Lowlandnhegdow. In all other habitatglots were 2x2m in size.
Condition indicators were as follows; woodlands (Ancient Woodland Indicator plants), arable field margins (annual forbs),

all other habitats (positive CSM species counting only those species listed in INCC Guidance as ritfle\ratiitat).
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4.6Freshwater

Agriculture can increase the input of nutrients, contaminants and fine sediments to streams, with
negative impacts on water quality and ecology, therefore reducing these inputs is a goal of Glastir.
Changes in land management can also change the ratesndélt runoff and thus potentially

contribute to flood mitigation. We need to know whether Glastir has a beneficial effect on
freshwaters, considering all measures whether they are primarily targeted at freshwaters or not.

Modelling has been used to expe the likely future impacts of Glastir on freshwater resources at a
national scale. Models used were the ADAS Farmscoper and UVW/CEH LUCI models in combination
with data from the GMEP Farmer Practice Survey and uptake data from Welsh Government
respectiely. Future assessments of actual impacts would most likely use a combined approach of
baseline GMEP data, other data sources and modelling as recently reported for the TIr Gofal
schemé®. The GMEP field survey has been used here to assess long termanehalso to report

on baseline differences in headwater stream quality and their relationship to the amount of land
upstream which has come into Glastir.

GMERP field data for freshwater is focussed on headwater streams are there are an estimated 9.5 to
16thousand kilometres of headwater streams in Walesaagdr rivers and lakes are reported by
Natural Resources Wales as part of the Water Framework Dirg@Ui#®) reportingequirements.

The quality of small streams is important because they feed laing@r systems upon which we rely

for human usage. Small streams also have conservation value (they are a priority habitat) in their
own right, providing habitat for a range of characteristic plant and animal species.

Ponds are also included in the GMERdfsurvey as they are important to the Welsh landscape and
provide important habitat for biota. They act as stepping stones for biota to disperse over wide
distances while also providing refuges for wildlife, and are priority habitats under the EU habitat
directive. There is a substantial amount of pond habitat in Wales. GMEP estimates the number of
ponds to be 57800 for the whole of Wales, at a density of 2.78 pérRonds in agriculture areas

can accumulate excess nutrients, contaminants and sedinteating to poor water quality and
negative impacts on the ecology. Glastir has a number of measures directly linked to ponds or that
could influence pond ecological quality. Future field surveys will be able to directly evaluate the
impact of land comingnto scheme on pond quality using the GMEP baseline data. For now, GMEP
has examined whether ponds on land coming into the scheme are of a different quality compared to
ponds outside of the scheme.

A small subset of high level indicators was selected pouca the condition of freshwater resources

not captured through other monitoring schemes and to explore the relationship between the quality
of water and amount of land in Glastir upstream. For streams we used ecological indicators based on
macroinvertebate diversity and an indicator of habitat condition, examining long term NRW records
as well as GMEP field results. For ponds, GMEP field data were used in conjunction with the PSYM
model, a multimetric tool to classify pond condition based on habitatcstme, plant and

invertebrate communities. We defined streams as first or second Strahler order flowing water

25 Jones, J. I., Murphy, J. F., Anthony, S. G., Arnold, A., Blackburn, J. H., Duerdoth, C. P., Hawczak, A., Hughes, G.
O., Pretty, J. L., Scarlett, P. M., Goqd&yD., Zhang, Y. S., Fawcett, L. E., Simpson, D., Turner, A. W. B., Naden,

P. S. and Skates, J. (2017), Do-@egvironment schemes result in improved water quality?. J Appl Ecol, 54:

537¢546. doi:10.1111/1362664.12780
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bodies within 2.5 km of their sources and ponds as standing water bodies betwe#aridrd ha in

area, that hold water for at least 4 months diet year. For all field methoder headwater streams

and pond samplingee Annex 16. Diatom results are also available (Annex 17).ofeesd

contributing to flood mitigation is the area of land in Wales (%) helping to slow down the amount of
rainfall mnning off the land which will help reduce rainfall runoff and thus flood risk and the transfer
of contaminants to streams aniers @nnex 10. Modelling results are reported as % change to
national loadings of nutrients and sedimentdiieshwaters (Annexes and 10.

Glastir Impact

Postive Impacts
In scheme farms had the following improvements relative to-soheme farm$ased on the GMEP
Farmer Practic&urvey (Annex 3)

1 10% increase in the likelihood of calibratiiegtiliser spreades from 62% to72%)

29% more likely to have fenced off streams

26% more likely to have established vegetation and uncultivated buffer strips
9.4%decreasedn the use of phosphate fertiliser on grassland féeld

15% more likely to havieft stubble infields to provide ovewinter cover from 44% to 59%

6.8% mordarmscovering manure heaps and 8% increase in calibration of manure spreaders
and more likely to increase ttaze of slurry store

= =4 —a A -9

Areas of concern / need for further action
1 The modellechet impactsof Glastir, on pollutant losses from all agricultural land (i.e.
including land not in Glastir) asmall andreductionsare significantly lower than first
projected in Year 1 at around 1f%6m all agricultural land in WaleReductions are
approximately double (i.e. 2%) on the land managed by farms in Glastir, with greater
reductions possible at more localised scali® effect of the Glastir scheme is limited
by both the number of participants in scheme and the amount of land under
prescripton within individual land holdingslowever it should be remembered that
local benefits camake asignificantcontributionto changingndividual streams and
riversWFDStatus.
0 Projections based on thADASnodel Farmscoper using changedand
managementeported by farmers in the Farm Practice Survegrex 3.
Changes are lower than those originally estimated in Year 1.
o Glastir agreements do not correlate with areas where leached and runoff losses
of nutrient from the soil, particulidy nitrate, are most intensivé (e.g.
Pembrokeshire, Angleselff) GURESMEPFW-OUTCOMIBP-1. The most
effective mitigation methods according to the Farmscoper model are a few of

GKS 2LJGA2ya FT2NJ WeAOGKAY FASERMYSIH adzaNB

26 Anthony, S., Jones, |., Naden, P., NeRsdlie, P, Jones, D., Taylor, R., Gooday, R., Hughes, G., Zhang, Y.,
Fawcett, L., Simpson, D., Turner, A., Fawcett, C., Turner, D., Murphy, J., Arnold, A., Blackburn, J., Duerdoth, C.,
Hawczak, A., Pretty, J., Se#irlP., Laize, C., Douthwright, T., Lathwood, T., Jones, M., Peers, D., Kingston, H.,
Chauhan, M., Williams, D., Rollett, A., Roberts, J., Old, G., Roberts, C., Newman, J., Ingram, W., Harman, M.,
Wetherall, J. and Edward®nes, G. (2012) Contributionthe Welsh agrenvironment schemes to the

maintenance and improvement of soil and water quality, and to the mitigation of climate change. Welsh
Government, AgrEnvironment Monitoring and Technical Services Contract Lot 3: Soil, Water and Climate
ChangeEcosystems), No. 183/2007/08, FiRaport, 477 pp- Appendices.
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2.7% and 6.5% reductions in nitrate, phosphorus and sediment respectively), in
field and riparian buffer strips (c. 2% reductions in sediment) and fencing off
streams from livestock (1.5% reduction in phosphd(Asinex 5. The likely
additional reductbns for these individual methods asignificantdespite
estimates of current implementation already being high (e.g. 50% for fencing off
streams from livestogk i.e. there is not a decline in benefit as uptake increases
which can be the case for somearventions.
0 The overall combined impact of all of these methods being raised to 100%
implementation are reductions in national agricultural loads of 4.3% for nitrate,
8.4% for phosphorus and 11.1% for sediment. The scheme could potentially
have a signifiant local effect if options were more intensely focus§EABLE
GMEPFW-OUTCOMIE-1; Annex 4)
1 Modelling using theJVW/CEH.UCI model projected a potential increaseldfo41 ta in

mitigated land for flood risk, nitrogen drphosphorus delivery tdvers. This was

delivered byland use changes included in Glastir contradtéch created4,120 haof

additionalmitigating land Thereforepn average for every 1 ha of change in landcover,

around 3 has of landre mitigated (TABLESMEPFW-OUTCOMB-1; Annex 10. This

represents3.25% more land potentially mitigated froflood riskat a national scale

Modelling also showed 8,066 ha (1.6%J)eduction in the area classified as having high

concentration of overland flow i.e. potentially contributing tagh flood riskReductions

in N and concentration were very similar to those projected by the Farmscoper model at

0.5% for N and 1.5% for P providing greater confidence in the overall refalts2%

likely future impactThese benefits are delivered tie cost of reduced intensity on

0.44% of higher agricultural intensity land; this area was downgraded from high and very

high production to moderate production or le6BABLESMEPFW-OUTCOMIP-1;

Annex 10.

Baseline differences between Glastir land aawad out of scheme

9 Visual assessment in ti&VIEField surveyindicated ahigher proportion of streams were
nearnatural or predominantly unmodified on land coming into the schéim&BLESMEP
FW-OUTCOM#A-3). The use of benthic diatonadsoindicated lower rates of anthropogenic
enrichmentin streams draining landpslope of the GMEP sample squareere there was
a greater proportion of land in schemieowever they had greater tendency to show the
effects of acidification, with 22% havingsessments of less than good status assessed
by benthic diatoms, compared to 10% for those outside the sch@maex 17) These
results are likely to be largely due to the greater vulnerability of thesall headwater
catchments to acidification as saiep tended to have lower alkalinity and conductivity
This, in turn, suggests a bias towards less productive upland catchinestiseme
There was no difference in the ecological condition of small streams in relation to the
area of upstream catchment asdicated by macroinvertebrates indices which may
suggest benthic diatommay bea more sensitive indicator.

1 There washo differenceof pondquality relative to whether the suounding landn the
GMEP sample squaveas in or out of @astir (TABLESMEPFW-OUTCOME-3; Annex
16).
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1 The percent of landhitigated forflood wassimilar inscheme compared tandoutside
of the scheme (18.3% compared to 21.6% respectifEABLESMEPFW-OUTCOMEA-
3; Annex 10)

Past AES

1 A recent paper published by the team involved in Tir Gofal/Tir Cynnal assessment firoject
has indicated @ombinedfield survey and modellingpproachwas able to identify aeffect
of scheme entry on water quality.

National trends

Positive Outcomes

1 There are an estimated 9:8.6 thousand kilometres of headwater streams in Wales.
Using GMEP invertebrate dataearly 83% ofthe headwaterstreams have good or high
diversity(FIGURESMEPFW-OUTCOMIE-3). Conparison with results from 2007
reported byCountryside Survey indicatas increase in biodiversity but a slight shift
towards species more tolerant of degradation.

1 There has been general ongoing improvement in the condition of small streams
sampled by NRWince 1990, based on macroinvertebraununitiesand nutrient
levels(FIGURISEMEPFW-OUTCOMBR/B-1). This improvement has continued since
2007 and is greater than that observed for the CS/GMEP sarfipA& ESMEPFW
OUTCOMH:-3). One explanation may be thdRW sampledtreamsdrain much larger
areas of land (1776 ha compared to 96ha in GM#RYugh the percentage of
improved land is lower (38% compared to 53%) as is built up areas and gardens (1.3%
compared to 2.5%) compared to GMERture analysis could explore the reasdor
the differen@ in improvement ratedbetween the two sample populations

Areas of concern / need for further action

1 GMEP estimates there are approximately 57,800 ponds in Viatesnly 13% of ponds
sampled by GMEP were judged to be in good ecological condition3@#thin poor or
very poor condition (FIGUREMEPFW-OUTCOME:3).

1 Poaching, by which livestock are allowed to access streams, is the key cause of stream
habitat modification and was observed in 55% of GMEP streaABLESMEPFW
OUTCOMIB-1). This will inoease the risk of potential transfer of pathogens to humans
and/or shellfish beds and increases the risk of bank damage and associated sediment
levels in streams.

27 Jones, J. I., Murphy, J. F., Anthony,.SA@old, A., Blackburn, J. H., Duerdoth, C. P., Hawczak, A., Hughes, G.
0., Pretty, J. L., Scarlett, P. M., Gooday, R. D., Zhang, Y. S.,,Raviice@impson, D., Turner, A. W. B., Naden,

P. S. and Skates, J. (2017), Do-agvironment schemes result in improved water quality?. J Appl Ecol, 54:
537¢546. doi:10.1111/1362664.12780
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FIGURE-GMEP-FW-OUTCOME-A-1: Long term trends in invertebrate indicators in small Welsh streams derived from NRW
monitoring. Figures indicate: WHPT score (left; an index of eutrophication and general degradation), Ntaxa (middle; the number
of water quality sensitive taxa that contribute to the WHPT score) and ASPT (right; the sensitivity of the taxa to water quality
which contribute to the WHPT score
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FIGURESMERFW-OUTCOMES3: Quality of freshwater habitatehn GMERsmall streams and porsd2012
¢ 2016) Figures indicate atream diversity omacroinvertebrate communitiedy) stream habitat
modification classes and c) pondodmgical conditionNote the classification of stream and patthve
different classes and numbers of classes and are not comparable.

(3) Bao

{41) Pristine /
near natural
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FIGURESMERFW-OUTCOMMD-1: Percentage of the farmed area (excluding commons land) within
each WFD waterbody that msanaged by a farm in Glastir Entry or Advandg@anexs)
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TABLEGMERPFW-OUTCOMEA-3 Trends in headwater streaand pondquality and area of land
mitigated for runoffflood.

Significant differences ev data seriesre indicated by: + significant increassignificant decrease;
= no change; n/a not available. Significant differences between land in scheme compared to all
Wales is also shown.

Comparison of quality in versus outside of scheme is determined fronthehthere is any
relationship to % land upstream of sampling point which is in Glastir with the exceptmmmadf
quality and stream modificatiomvhich are basedn relationship tdlandin schemeor the 1km
sample square onlyDiatom datais also avdable Annex 17).

Macroinvertebrates

index for etrophication
& general degradation
Sensitivity of taxa? (O/E
ASPT, mean observed V,
expectedtaxon
sensitivity)
Macroinvertebrates
index for etrophication

& general degradation |, oo 083 | 091 | 096 | 094 | 096 -
Number of sensitive taxa —

1 2(OJENTAXA mean | (©9909) | (ood) | (good) | (high) | (high) | (high)
observed v expected
number ofscoringtaxa)
Invertebrate diversity
metric for stream health 83 Baseline
(%F

Nearnatural or
predominantly 51.3 Baseline +
unmodified (%)

Good ecological
condition (%)
Area ofin schemeland

mitigated for runoff 18.31
fflood (%)

Area ofout of scheme

land mitigated for runoff 21.58

[flood (99°

0.99 0.97 0.96 0.94 0.96 0.98
(high) (high) | (good) | (good) | (good) | (high)

Headwater
streams

Ponds 13.3 Baseline

Land
water
interface

Baseline

1TheAverageScore per Taxon (ASPT) is a measure of how sensitive invertebrate taxa are to water quality based on their
individual Whalley Hawkes Paisley Trigg (WHPT) score. NTAXA is the number of macroinvertebrate taxa found that score
on the WHPT sensitivity scdleote that not all observed taxa contribute). The WHPT score is an index of eutrophication

and general degradation .The techniques deployed in rivers are all the accepted biomonitoring standards as adopted at the
UK and EU level, thus our results can edally compared to Environment agency and NRW WFD monitoring data. The
survey techniques used in the above table were RiVPACS (macroinvertebrates), and River Habitat Survey (habitats). The
RIVPACS model uses environmental variables to predict the invatéeetommunity without any degradation (in its

reference state), and generates expected values of the biomonitoring scores. The ratio of observed value to expected value
is then calculated, with a ratio of 1 indicating the best condition.
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2Water FrameworlDirective metrics are not available for small streams from NRW. If developed it would include many
more metrics than invertebrates alonkn the absence of any formal method, weovide some indicator of stream quality

we used O/E thresholds based on WRatss reporting: ASPT high >0.97, good > 0.86, moderate >0.75, poor >0.63, bad
<0.63; NTAXA high >0.85, good > 0.71, moderate >0.57, poor >0.47, bad <0.47 (these categories do not correspond in any
way to the categories used for ponds, they are differesgessment systemsd)ote it is likely any WFD method would
significantly reduce the number in high and good classes with most falling into the moderate class.

3This statistic is calculated by examining the status derived from ASPT and from NTAX/siat eaicti attributing the

lowest of the two statuses to the site. The numbers of site in each status class are then expressed as a percentage of the
total number of sites

4There is no national standards for pond monitoring. We used the PSYM model del/blogiee FHT, a multimetric tool

based on plant and invertebrate communities, and habitat features, which classifies ponds as Good, moderate, poor and
very poor (these categories are not related to the WFD categories used for streams)

5This is calculatedsing the LUCI model for survey squares recorded that year. Impact of change in land use and
management will be used to calculate a change metric in the 2nd cycle of survey (BgaBe&Annex 1dor method.

TABLEGMEPFW-OUTCOMB-1 Types of stream modification frod64 GMEP survey sites.

Poaching 91 555 Indicates frefa access to strear
by livestock
Culverts 57 34.8 -
Bank Artificial materials,
. 54 329 . D
modifications reinforcement, resectioning
Channel Artificial substrate, deepening,
L 24 14.6 o
modifications resectioning
Bridges 23 14 -
Fords 19 11.6 -
Weirs 15 9.1 -
Outfalls 9 55 Excludes field drains
Embankments 8 4.9 -
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TABLEGMEPFW-OUTCOME=1: Percentaggotential reductions in national agricultural pollutant
loads(nitrogen (N), phosphorus (P) and sediment,(@3suming that each mitigation method in the
ADAS-armscoper library that was associated with a Glagtiion, or which was found through the
survey to be higher on scheme farms, was separately fully implemented on all relevant land across
Wales, plus the percentage reduction due to implementing all the mitigation methods at (Bee
Annex 5Sfor full methods and results).

4 | Establish cover crops in the autumn 1.39| 2.65| 6.48
13 | Establish iffield grass buffer strips 0.02| 0.62| 1.92
14 | Establish riparian buffer strips 0.15| 0.73| 2.16
21 | Fertiliser spreader calibration 0.06 - -

22 | Use a fertiliser recommendation system 1.06| 0.15 -
Avoid spreading manufactured fertiliser tg
fields at highrisk times

Increase the capacity of farm slurry storeg
to improve timing of slurry applications
62 | Cover solid manure stores with sheeting | 0.06| 0.23 -

26 0.11| 1.26 -

52 0.18| 0.54 -

67 | Manure Spreader Calibration 0.44 - -
76 | Fence off rivers and streams from livesto¢ 0.25| 1.48 -
79 | Farm track management 0.00| 0.01 -
102 | Management of woodland edges 0.02| 0.04| 0.06
107 | Beetlebanks 0.02| 0.24| 0.77
108 | Uncropped cultivated margins 0.09| 0.17| 0.37
113 | Undersown spring cereals 0.29| 054 1.27
114 | Management of grassland field corners 0.47| 1.00| 1.42
115 | Leave over winter stubbles 0.28| 0.83| 0.81
Combined Impact 426| 8.43|11.14
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TABLEGMERPFW-OUTCOMID-1: Change in land mitigated for flood and a ramdether services
modelled by the UVW/CEH LUCI model due to landcover changes included in Glastir contracts. (See
Annex 10 for full methods an@sults.)

Carbon storage in vegetation an{ Average of 2.5 t yr 0.074 % increase once

top 1m of soils sequestration over 150 years | soils have reached
equilibrium

Area accessible to broadleaved | 12,674 ha increase (plus 2.8% increase

woodland species habitat increase of 3,923 ha)

I NBI 27F d&aYAGA 3l 4,120haincrease 0.97% increase

the area classified as increasing
infiltration into soil, which can
help reduce the risk of flash
floods and water quality issues

I NBF 27F a&YAddA 3N 11,641haincrease 3.25% increase
and diffuse pollution: this is the
area upslope of mitigating land,
which benefits by being less
connected to the watercourse

I NBF 27F fFyR dal6066hadecrease 1.6% decrease
this is thearea where the
topography of the land
concentrates runoff water
increasing the risk of flash flood

Mean in stream N concentration| 0.013 mg/I reduction 0.52% decrease
Mean in stream P concentration| 0.001 mg/I reduction 1.55% decrease
Agricultural intensity 4,451 ha downgraded from | 0.44% of high and very

high and very high production| high production land wag
to moderate production or lesy downgraded
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4.7 Climate Change Mitigation

ThelLand Use, Land Use Change and Forestry (LULUCF) and Agriculture Greenhouse Gas Emission
Inventories provide a good national overview of ongoing trends but are relatively insensitive to
changes in land management supported under GIaGHAEP therefore reqrts the overall trends

from the Inventories as background information but adsseries ofmore relevant and sensitive

metrics. These includembodied emissions fa5Wia & LA OF £ Q FIF N GeLlSa Ay 2| ¢
indirect greenhouse gas emissions asdedavith e.g. fertiliser productiomot included in national
inventories;an assessment of the condition of peat soils due to their importance as a carbon store
theincrease in carbon storage in soils and biomass du&dgtir agreements now in place; drthe

potential for onfarm renewables to offset agricultural greenhouse gas emissidms potential

impact of future climate change to change greenhouse gas emissions from soil and vegetation was
also exploredas was the potential for new mobile flux tewtechnologies to improve our

assessment of XD and Céefluxes using continuous high densiheasurements at the field scale.

Finally, reductions in ammonia emissions which reduce air quality and increase risk of eutrophication
are reportedasalthough na directly relevanto climate change mitigatiorihe same footprinting

tool is used for their calculation.

Glastir impact
Positive Outcomes

1 The Bango€arbon Footprinting Tool was used to calculate the impact ofthastir
Efficiency Scheni®dn greenhouse gas emissions. Over a thyear period following receipt
of GES grants, there was an average reduction of 4.9% in greenhouse gas emissions per
KSOUI NS | ONRPaa wmp FEFENXYa FT2N 6KAOK RSGFAT SR N2
(Annex 8. The average carbon footprints expressed per kg of lamb live weight and milk
produced on surveyed farms declined by 9.5% and 18%, respectively, indicating an
improvement in production efficiené§

T In addition to GHG emissions, livestock farms are a majmce of ammonia emissions to
air and nutrient losses to water. Across the 15 surveyed farms, nitrogen and phaspho
footprints per kg of product were reduced by an average of 18% and 8%, respectively, in the
three years to 2015. Ammonia emissions dealily 11% over theame period. (Annex 3)

1 The University of AberdedBCOSSHBodelwas applied to determine if future climate change
scenarios would significantly increase the direct emissions of greenhouse gas emissions from
soil and vegetation. The sealts indicate the change was sm@é. 2%) relative to the likely
indirect effect from change in land use and management and animal numbers due to
economic and policghangé®.

28 These results include embedded emissions resulting fronpthduction and transport footprints of

materials bought and used by the farm (such as animal feeds, fertilisers and plastic sheeting). These emissions
are not included in current national inventories but are important to consider if emissions are not to be
exportedwhich has relevance for the 8 Being ofFuture Generations Act goal of a Globally Responsible

Wales

2% Abdalla, M., Richards, M., Pogson, M. et al. Reg Environ Change (2016) 16: 2357. doi:10.1008/€30113
09587
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Areas for concern / need for further action

1 Modelling using the Farmscoper model suggest the impacts of Glastir agreements for
methane and nitrous oxide emissions will result in reductions of 1.4% and 1.8% respectively
for Glastir farms which scales to 0.6% and 0.8% for Wales as a &heteifall mitigation
methodsin the Farmscoper library that wassasiated with a Glastir optiorof which was
found through the survey to be higher on scheme faymsas fully implemented on all
relevant land across Walésgether,modellingsuggess apotential of onlya 2.2% reduction
at the national scaléTABLESMEPFW-OUTCOMIB-1; Annex 5.

1 TheUVW/CEHUCI model was used to simulate the benefits of increased woodland cover
due to all Glastir agreements for carbon sequestration at a national scale. A t&t&l oyr*
extrasequestration of carboequivalent to a 0.1% increasa)d 12,674 ha increasm area
accessible to lwadleaved woodland speciéa 2.8% increasayas calculated to be delivered
at the cost of reduced agricuital intensity on 4,451 ha. The agricultural |amas
downgraded from high and very high production to moderate productioless. Limited
reduction in actual production may be expected, since it is likely that less productive land
was chosen for reductions in intensity of farmidgex 10.

1 The potential for offarm renewable energy generation to efét the national carbon
footprint for grazed livestock products in Walsas estimatedrom the GMEP Farmer
Practice SurvegAnnex3). Qurrent onfarm renewable energy generation waalculated to
off-set 1.1% of net greenhouse gammissions, and a highly optimistic future sceoagsults
in an offset of 6.6%. It is optimistic as only 5% of farms presently hawiadhturbineand
the scenario requires 66% of farnesdo sa Only 35% of the survey respondents either had
a wind turbine or expressed an interest in wind power.

National trends
Positive Outcomes

1 The National Inventory for Land Use, Land Use Chamgié-orestry (LULUCRYlicatesoil
and plant bienasswas a net sink of GHG emissions from 1990 (base year) to 1995 and from
2003 t02014(FIGURIEEMEPDPCCMOUTCOMEA-3; TABLESMEPDPCCMOUTCOMEA-3).
The size of the sink (@®removal) gew more than 900% between 2003 and 2014 frem
28ktCQe t0-296 ktC@e. This wa mainly due to a reduction in emissions from land
converted to cropland and settlement&.transient switchio a net source was observed
between 1995 and 2003.

1 NationalAgricultural Greenhouse Gas Inventory indicates emissiame reduced by 14%
between 1990 and 2014 (from 6,170 kt£@0 5,278 kt Ce). N fertiliser consumption
across Wales reduced by @2% between 1990 and 2014, from 132,3367&545t which
contributed to thisdecrease as has the reduction in cattle and calf numbers by 19% (from
1.363M to 1.103M), and sheep numbers by 11% (from 10.935M to 9,y FRIRMUREMEPRP
DPCCMDUTCOMB-3; TABLEBMERDPCCMDUTCOMH-3). Note: the GHG values
reported for 19962014 used country specific@emission factorsso values arower than
previously reported. Agriculture emissions values excludee@@ssions from mobile and

stationarycombustion used ingriculture
1 Improvement in the Blanket Bog as indicated by increased cov@pludignuni{an important

bog forming plantjs reported by combining CS and GMEP data. Tigigess peat stores of
carbon may be better protecteperhaps in response to the extsine activity to restore this
important habitat across Wales by many organisations
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Areas for concern / need for further action
1 The LULUCF Greenhouse Gas inventory indicates a decreassiitkthg 19% between
2013 and 2014 due predominantly to a reduction in the carbon stofirésts(FIGURE

GMEPDPCCMDUTCOMR-3; TABLIEEMEPDPCCMDUTCOMEB-3).
1 The Agriculture Greenhouse Gas Inventory indicatemsall increase in emissions (220 kt;

4%)between 2013 and 2014, as a result of increased nitrogen fertiliser use, and dairy cattle
and sheemumbers (FIGURGMEPDPCCMOUTCOMEA-3; TABLEEMEPDPCCM
OUTCOM#:-3).

T .FaSR 2y | ySg Wdzy A T A DROVEPRE S0Ks arelsstinibteny | LI RSO S

cover over 90,000 ha of Wales (4.3% of the total land area) of which 75% is in upland areas,
and 25% in lowland ared8IGURESMEPDPCCMDOUTCOMIB-1; Annex 15) Overall around

three quarters of the Welsh peat soil area is thought to have been impdwgteshe or more
land-use activity, including drainage, overgrazing, conversion to grassland and afforestation

GAGK 2yfe om: AY WI22R O2yRAGA2YQ 6AGK Hp:

woodland. As a result of these activities, Welsh peat soilsuaremtly estimated to be

LIJ\

ISYSNI GAYy3 Wi yildKNRLIR ISy A @quivaies perydal(gfidating T N2 dz

to around 7% of all Welsh transpertlated emissions). This compares to an estimated

VI GdzNF £ WNBFTFSNBYyOSQ Omagppell featarga wasindat$abbog ofF | £ f

fen) of approximately 140 kt G@q yr.

Underpinning work and exploitation of new technologies

Carbon footprinting baseline data

The Bangor carbon footprinting tomlentified the largest proportion of totaireenhouse gas
emissions from farms come from methane (CH4) accounting for, on average 5@18436f
emissions per ha. Methane emission rates correspond to the number of ruminant livestock, and
were primarily a function of ruminant livestock enteric (ptermentation. Nitrous oxide (N20)
accounted for, on average 27% of emissions. This was largely from direct emissions (from soll
management, peaty soils, and manure handling) with the remainder coming from indirect emissions
(N deposition, leaching andmoff on soils, and volatilisation from stored manure). Emissions from
inputs averaged 22% {80%) of emissions per ha and were dominated by mineral N fertiliser, feed
concentrates, and boughih stock. The CO2 footprint from liming was small on all farargjing

from 0.52.2 kg CO2/ha/yr(Annex 8)

Very few significant associations were found between footprints of livestock and farm size, stock
numbers in winter and summer, or peat soils which mean they cannot be used as simple proxies of
emissions (Anex 8). There was a high variability in the footprint of lamb for slaughter varied from

11 kg CO2e/kg LW to 29 kg CO2e/kg LW and 2,400 to 18,500 kg CO2e/ha (average 7,200) indicating

the wide range of efficiency across farms. This will reflect both the Vagiability in land quality but
also opportunities for management to improve. Dairy has the highest embodied GHG missions on an
area basis followed by mixed, beef and sheep fausinesses (Annex 8).

Carbon sequestration ranged from 853 to 1,648 kg @&#f (averaging 1,008 kg CO2/halyr). Most
sequestration (average 85%, rangeB10%) was in the form of carbon storage in grassland soils.
Woodland contributed on average 9% (ranging from a net carbon loss of 5% to a net carbon gain of
25% of whole farmeqjuestration). Isolated trees sequestered on average 4% (rang@10d, and
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hedges 4% (range, 04%). Farm type and size had a negligible effect on total sequestration per
hectare. The average carbon balance (total footprint minus sequestration) eéth@rms was

6,221 kg CO2e/halyr, varying from 1,103 to 17,571 kg CO2e/hal/yr. Sequestration accounted for an
average of 21% of the emissions footprint, but this varied widely between 5% and 60% of farm
emissions. None of the farms sequestered more can@nhectare than their total footprint (Annex

8).

Method development to improveHG ux estimates

The potential for developing mobile flux tower systems to further improve greenhouse gas flux
measurements which are highly variable both spatially ando@mally was tested. The technology
and specifically power requirements were found to severely limit their current deployment at the
scale intendedAnnex 18)The results did however confirm a recent report of a strong diurnal cycle
for nitrous oxide whicltould lead to underestimation of fluxes by ca. 20% with the bias switching
duringhigh and low flux period®. Their other main advantage is the reduction in the high spatial
variability resulting from their whole field assessments rather than small plot measurements using
chambers. The latter generally deliver results with standard errors of ca. 50% of thewhidn

limit our current ability to detect differences between grassland types and the impact of the
relatively subtle effects of some Glastir interventions.

GMEP aligned additional studies using chambers to assess differences between intensive and
extengve grassland systems with respect to carbon dioxide (CO2) exchange. Results indicated higher
drawdown of CO2 during the day time but also greater release at night in the improved grassland
meaning no net different in carbon dioxide balance. This agastrdites the importance of intensive
continuous data capture if accurate assessments are to be n{ademex 18).

30 Shurpali, N. &t al. Neglecting diurnal variations leads to uncertainties in terrestrial nitrous oxide emissions.
Sci. Reps, 25739; doi: 10.1038/srep25739 (2016).
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FIGURESMERPDPCCMDUTCOM#A-3 Long term trends in; annual GHG emissions from the Land
Use, Land use Change drarestry and thégriculturesector for WalesSource are LULUCF
Emissions and Removals of Greenhouse Gases from Land Use, Land Use Change and Forestry
(LULUCEF) for England, Scotland, Wales and Nortretamd: 19962014;Agriculturec subset ofUK
Agriculture Greenbuse Gas Emissiofrsventory1990¢ 2014excluding emissions from mobile and
stationary combustion
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FIGURESMERPDPCCMDUTCOMIB-1 Peat coverage and greenhouse gas emissions; a) A new

unified peat map for Wales and thje estimated contribution oflifferent peat landuse/condition

OFiS32NASa

02

G20l ¢

emissions(See Annex 1fr full report)

a)

b)

a) Reference

b) 1990

IAINBSYyK2dzaS 3l &
condition, in 1990, and at present day. The size of each pie chart is illustrative of the overall level of
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TABLEGMERDPCCMOUTCOMEA-3: Long term trends in greenhouse gas emissi@tated to agriculture

and land use, land use change and forestry; the impact of Glastir Efficiency Grants on whole farm carbon
footprints; and the condition of peat in and out of scheme

Differences are indicated by: + significant increasggnificant decrease; = no change; n/a not available.

Contribution by land use
and land use change
(ktCQe yr) (excludes
peatlands)

-295 -99 173 | -108 | -281 | -365 | -296 n/a :/+

Agriculture Emissions

(COeq (KNG + CHy? | 6170 | 6208 | 5940 | 5565 | 5039 | 5059 | 5278 n/a _/ +

Agriculture emissions
including embodied
emissions (typical
average farm data only

tCO2e/haj 6.46 n/a -
Beef 11.23
Dairy 8.33
Mixed 1.70
Sheep

Peatland condition
(ktCQe yr'): Estimated | 577 546
total emission$

+/+

Peatland condition:
Blanket bogSphagnum | 1.38 15.54 11.78 34.45
% covet

1 Data underlying Figure 13, Emissions and Removals of Greenhouse Gases from Land Use, Land Use Change and Forestrfigldind C&3ddand,
Wales and Northern Ireland: 199013 Salisbury et al (2015)tp://uk -air.defra.gov.uk/assets/documents/reports/cat07/DA GHGI_1990

2013 Report Appendices_vi.pdf

Net emissions from the LULUCF sector in Wales have changed slightly from thes&98@R012 inventory but there is no clear pattern of net increase
or decrease. The differences are due to a combination of changes in aagdories The 2013 inventory methods has ben backcast to 1990.

2Using IPCC 2006 Guidelines, backcast to 78I GL were used in previous reporting on the GMEP portal, and the two methodologies will give
different totals (and different proportional contributions of CH4 to N20,)

3 The Bangor Carbon Footprinting Tool outputs include: soil dirgdt Mdirect NO associated with nitrate leaching and N deposition, enterig, @tdnure
CH, CQassociated with electricity and energy use, embedded greenhouse gas emissions associated with feed and fertiliser peggigttitmal
productivity. Above and below grourgérbon stocks are also included.

4Emissions estimate for the Welsh peat area as defined from British Geological Survey and Natural Resources Wales (NBWsimgymgiat condition
data obtained from the NRW Phase 1 Habitat Survey augmented by deadita maps digitised from aerial photographs, and CO2, CH4 and N20O
emission factors taken from the IPCC Wetland Supplement (IPCC, 2014) and Peatland Code (Smyth et al., 2014). Nogertisatdnsahave a high
uncertainty where it has been necessémyuse IPCC .Tier 1. emission factors based oA0flux measurements (notably for grassland, forest and-near
natural fen); these estimates will be revised in future as newsplcific measurements become available. For more information see Evan&2éti&)

5 Sphagnum cover data are taken from the 1990, 1998 and 2007t@sigie Surveys, and the 2013/GMEP surveys (2m x 2m plots), as an indicator for
CO2 sequestration by blanket bogs (1998 and 2007 CS data are assigned to the releyeat figporting periods in the table). There was a significant
increase irSphagnuntover between the 2007 CS and12/16 GMEP surveys. Note however that the sample size was lower in the CS dataset (n = 3, 1:
and 15 in the 1990, 1998 and 2007 surveys respectively) compared to GMEP (n = 97). Note also that this metric appléenéelyttogs under semi
natural vegéation cover, i.e. it should not be taken as an indicator of @@issions/removals by other peatland types (fens or raised bogs), and does not
represent areas of former blanket bog that have been converted to otherleedsuch as forestry or grassland.
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TABLEGMEPFW-OUTCOMIB-1 Percentage reductions in greenhouse gas emissions assuming that

each mitigation method in the Farmscoper library that was associated with a Glastir option, or which
was found through the survey to be higher on scheme farms, efarately fully implemented on

all relevant land across Wales, plus the percentage reduction due to implementing all the mitigation

methods at once

4 | Establish cover crops in the autumn -| 0.15
13 | Establish iffield grass buffer strips -1 0.00
14 | Establish riparian buffer strips -| 0.06
21| Fertiliser spreader calibration -1 0.01
22 | Use a fertiliser recommendation system -| 0.69
26 Avoid spreading manufactured fertiliser tg -l o.01

fields at highrisk times
50 Increasethe capacity of farm slurry stores 2| 002
to improve timing of slurry applications
62 | Cover solid manure stores with sheeting -| 0.01
67 | Manure Spreader Calibration -| 0.05
76 | Fence off rivers and streams from livestog -] 0.03
79 | Farm track management -| 0.00
102 | Management of woodland edges -| 0.04
107 | Beetle banks -1 0.00
108 | Uncropped cultivated margins -| 0.09
113 | Undersown spring cereals -] 0.03
114 | Management of grassland field corners -| 1.05
115 | Leave over winter stubbles -] 0.03
Combined Impact 0.00| 2.22
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4.8 Soil

Soil properties measured are related to soil and ecosystem function and are important for
determining the soil resilience and the impact any environmental or Glastir changes may have on
broad habitats and biodiversity. Specifically tBMEPsoil measuresontribute to the following

Glastir strategic outcomes

I combating climate change througissessment of carbon storage in soils

1 improving water quality through assessment of smitrient and acidity levels which indicate
potential risks due to runoff ahleaching but are alsenportant for maintaining
productivity;

1 halting the decline in biodiversity througissessing @nge in specifisoil quality
requirements ofmany native plant species awmgiantification oflevels of biodiversity in the
soil itself

All soil properties selected are indicators which were proposed and tested by the UK Soil Indicators
Consortium for specific functions including environmental interactions which include hydrological
filtering by soils, habitat support and carbon gastexwges with the atmospherés the sampling

and analytical methodology used for topsoil in GMEP is identical to that used in Countryside Survey
these datasets can be combined to look for lgaagm national trendsas well as providing a robust
baseline forassessing futurénpacts of Glastir paymentéll methodsusedare available in Annex

19.

Results presented here include headline ressitmmarised for Whole Farm Code habitat groaps
requested by the GMEP Steering Group although data for Broad Habitats and individual soil types
are available and can be used in future assessments. The field survey also ¢nalgeddition of

soil of land in scheme to be compared to the nationarage. In addition to the field survey data,

the GMEP Farmer Practice Survey provides farmer reported assessment of soil drainage systems.
With respect to Glastir impactsprmodelling work has specifically focussed on the potential change
in soil conditim in response to Glastir interventiorgher than that reported for soil carbon stock
change by UVW/CEH LUCI modelling which is reported in Séctidteported lag times in the
response oboil nutiient and acidity statuto management changenderpinned much of the
biodiversity modelling work reported iBection 4.%ut is not reported hereSee a review of these
known lag timedrom past studiesn Annex 9The peatland work deployed a mix of aerial
photography, emission factors from past dies and peat coring. Methods and full results are
available in Annexes 15 and 20l results are presented in FIGUBMEPSOUTCOME-3 and
TABLESMEPSOUTCOMA-3 unless otherwise indicated

Glastir impact

Positive Outcomes
In scheme farms had the foling improvements relative to nescheme farms:
10% increase in the likelihood of calibratiegtiliser spreadersfiom 62% to72%)
10% increase in the likelihood cdirrying out soil nutrient testingffom 51% t061%).
15% more likely to havleft stubble in fields to provide ovewxinter cover from 44% to 59%
9.4%decreasdn the use of phosphate fertiliser on grassland feld
6% reduction in breeding ewe numbds farms in the Advanced level

= =4 —a -—a -1
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Baselineassesment of soil condition of land com@into the scheme

compared to the national average

1 There is no difference if the condition of soil coming into the scheme due to the high
variability of soilsn the four high level categories requested by the GMEP Steering Group
Future comparisons witlenefit fromthis robust baseline assessment and reporting by more
specific Broad Habitats and soil types.

National trends

Positive Outcomes
T Soil carbon has been stable in improved land for 30 years.
1 After recent increases in woodland systems saibon is now stable

71 Soil nitrogerlevels arestable in improved land and woodland. A decline in soil N in habitat
landislikely to be beneficial for native vegetatiofhe reasons for this decline require
further analysis.

1 After recent declines in gphosphorus, levels in improved land are stable and within the
zone appropriate fosustainable productiomnhilst presenting dower risk to waters

1 There is no consistent pattern in spiesofauna numbetrsvValues are now back to those
observed in 1998. Further work is needed to understand tatarual variation together
with an analysis of the species present.

1 A significant increase fBphagnuntover since 1990 has been seen, suggesting a trend
toward gradually improving conditions in Welsh blanket b&geBiodiversitysection for
additional data relating tdlanket bogncluding a significant increase in Common Standard
Monitoring positive indicator plants and plants indicative of wet conditions

Areasfor concern / need for further action

1 There has been significant decline in soil carbon in habitat land over the last 10 years. This is
primarily due to a reduction in soil carbon in acid grassland. Further work is needed to
identify possible reasons fahis.

1 Soil acidity declined for all habitats up until 2007 reflecting the rapid reductions in acidic
deposition over the last three decades. This has now reversed in improved land with
increased acidity observed perhaps reflecting low levels of limeeuskigwever on average
soil pH remains above recommended levels for sustained production in improved land.

1 Farmers reportedt0% of drains in arable and improved grassland are in need of repair or
replacement. This has implications for production, greerdggogas emissions and animal
health.

Underpinning work and exploitation of new technologies

Soil biodiversityWe used a mix of eDNA to assess diversity of bacteria, fungirahdisual counting

for diversity and numbers aghesofauna in soilContrary to expectatioroth soil bacteriabnd

fungal diversity argreatest in the arable and horticultural soélad decline across the land

intensification gradien{FIGURESMEPSOUTCOMB-1). The relationshipis most likely related to

strong trend n soil pH across the same gradient which is known to be the primary factor explaining

soil bacterial diversity. Alternatively, it may relate to the higher diversity of niche space in the more

intensive and fertile systemdnterestingly, these relationsp$ are contrary to those observed for

YSaz2Fl dzyl ® aSaz2¥Fl dzyl RAGSNBAGE KIFIA& LINSOA2dzat e o ¢
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seen for mesofauna numbers here at intermediate aciditg land use intensityypes(FIGURE
GMEPSOUTCOMB-1 anddiversity data inMaskell et al. 2018). ThisW K dz¥ klspseen for
vegetationand freshwater macroinvertebrate diversifilaskell et al. 203). Is microbi&diversity
determined byaciditywhilst soil and water mesofanaare determined by plat diversity?Theseand
other questions relating to thamplicationsof the diversity relationshipsor resilience ofoil
function is being exploredly NER@®BSR@inded*2aligned PhD studentships

Soil samplingA comparison of the GMEP soil corer and a commonly bigchoon soil auger for

soil sampling was carried out to determine if standardisation was important. Critically, the

commonly used halfmoor auger undestimated soil carbon in orgaroineral soils FIGUREMEP
SOUTCOMIE-1). This simple difference in sghing methods indicates how important it is to
consistently use a volumetric sampler as done in CS/GMEP to avoid biased reporting. Important mis
reporting of texture by a commercial laboratory has also been identified which illustrates the
importance of ugg laboratories which are able to provide a good quality analysis across the wide
spectrum of national soil types (i.e. not just nutrieith improved arable and grassland soils which

is the basis for most commercial analysis) for programmes such as.GMEP

Peat accumulation rate®eat accumulation rates from a range of blanket bogs across Wales were
SAGAYIIGSR dzaAy3a WaLISNERARLFT sOts nfredghthiSi&iz ambon LI NI A Of ¢
accumulation for differing management conditioiNearnatural peatlands accumulated ca.-30 g

C ntyr! more than afforested and drained sitedsowever,surprisinglythe largest reduction in

carbon accumulationccurredwhere grasses dominate the b@gnnex 20)Theinvasion of bogs by

grasses may reduce carbon accumulatisrdead grass materilless resistant to decomposition

than primary peat forming taxa (e.Briophorum vaginatunSphagnum This suggests grass

invasion of blanket bogs are at greatest riskafbon loss.

31 Maskell, L.C., Crowe, A., Dunbar, M.J., Emmett, B., Henrys, P., Keith, A.M., Norton, L.R., Scholedi#ld, P., Cl
D.B., Simpson, I.C. & Smart, S.M. (2013) Exploring the ecological constraints to multiple ecosystem service
delivery and biodiversitylournal of Applied EcolodyQ,561-571.

32 http://www.starsoil.org.uk/
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FIGURESMERSOUTCOMEA-3: Long termtrends in topsoil
(0-15cm) condition for Habitat, Improved Land and Woodland for the following properties:

a, b and c) topsoil condition for carbon

d, e and f) acidity

g, h and i) nutrient levelsitrogen

j, k and I) nutrient levelsavailable phosphorus
m, n and 0) soil mesofauna numbers

Countryside Survey data is indicated by a solid line and GMEP by a dotted line. Grey line when
present indicates CS Great Britain average ¥92@07) to prouvile national contextRed lines

indicate thresholds which are to be avoided exceeding. Green lines indicate thresholds not to fall
below.
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TABLEGMERSOUTCOME-3: Long term trends in topsoil {D5cm) condition.

Significant differences over dasgries and latest period are indicated by: + significant increase;
significant decrease; = no change; n/a not available. Significant differences between land in scheme
compared to all Wales is also shown.

*Note the decrease in phosphorus is considergubaitive outcome for improved land and all Walestas
indicates less risfor diffuse pollution Levels are still above those recommended for production.

Carbon
(g/kg, from | 71.6 69.0 | 60.2 63.7
LOI)

pH 5.42 578 | 599 | 581 + -

Improved | N (9/100g
Land dry soil)

0.58 | 0.58 0.50

Phosphorus
(Olsen P mg/ 435 | 240 | 248 | =%

kg)

Soil biota
(Total invert 274 | 47.9 30.2
catch)

Carbon
(g/kg, from | 142.6 1455 | 155.6 | 128.8
LOI)

pH 4.57 527 | 522 | 5.25 +

N (g/100g
dry soil)

Habitat 1.00 | 0.97 0.76 - -

Phosphorus
(Olsen P mg/ 184 | 17.6 17.6

kg)

Soil biota
(Total invert 425 | 79.9 47.4 — - —
catch)

Carbon
Woodland (g/kg, from | 120.0 137.3 | 137.3| 150.0 +
LOI)
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pH

4.78

4.72

N (g/100g
dry soil)

0.68

0.80

Phosphorus
(Olsen P mg

kg)

12.5

13.3

Soil biota
(Total invert
catch)

Wales

111.2

64.5

Carbon
(g/kg, from
LOI)

108.1

107.6

pH

5.54

5.39

N (g/100g
dry soil)

0.74

0.67

Phosphorus
(Olsen P mg

kg)

19.7

19.7

Biodiversity
(Total invert
catch)

Peatland

Peatland
condition
(Estimated
total
emissions
ktCQe yr)?

Peatland
condition:
Blanket bog 1.38 | 15.55
Sphagnun?s
cover?

69.9

546"

11.78

43.1

34.45
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L Emissions estimate for the Welsh peat area as defined from British Geological Survey and Natural Resources Wales (NBW) mappin
using peat condition data obtained from the NRW Phase 1 Habitat Survey augmented by drainage ditch maps digitised from aerial
photographs, and CO2, CH4 and N20 emission factors taken from the IPCC Wetland Supplement (IPCC, 2014) and PeatlarideCode (Smyt
al., 2014). Note that total emissions have a high uncertainty where it has been necessary to use IPCC .Tier 1. Enris$ianddaino

non-UK flux measurements (notably for grassland, forest and-neaural fen); these estimates will be revised in future as new UK
specific measurements become available. For more information see Evans et al. (2015)

2 Sphagnum cover data are &k from the 1990, 1998 and 2007 Ctnyside Surveys, and the 28/.6 GMEP surveys (2m x 2m plots), as

an indicator for CO2 sequestration by blanket bogs (1998 and 2007 CS data are assigned to the relgreamtréperting periods in the
table). There was a significant increas&phagnuncoverbetween the 2007 CS an@22/16 GMEP surveys. Note however that the

sample size was lower in the CS dataset (n = 3, 12 and 15 in the 1990, 1998 and 2007 surveys respectively) comparedt®BMEP (
Note also that this metric applies only to blanket bogs under geahiral vegéation cover, i.e. it should not be taken as an indicator of
CO2 emissions/removals by other peatland types (fens or raised bogs), and does not represent areas of former blankéidagtiban
converted to other lanelse such as forestry or grassland

3As estimates are obtained via a modbelsed approach with a correlation structure to account for repeated measures, there is the
possibility that estimates change at each reporting occasion as the correlation structuresismated. The change in estited

correlation structure affects the estimated parameters in the model and hence yearly estimates. See Scott, W. A. 2008 Reaytiett.

CS Technical Report No. 4/07 for further details.

FIGURESMERSOUTCOMEB-1: Topsoil facterial and fungal species diversity andnesofauna
numbersunder a range of broad habitat class€SMEP mesofauna diversity numbers are still being
analysed. CS data are available in Maskell et al. 20h8)habitats are ranked from those of highest
productivity on the lefto those which are less productive on the right.
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FIGURE-GMEP-S-067-A-1: Boxplots showing the distribution of topsoil microbial diversity R . . . . A
across different broad habitats sampled in the GMEP field survey FIGURE-GMEP-5-070-A-1: Boxplots showing the distribution of topsail fungal diversity
across different broad habitats sampled in the GMEP field survey
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FIGURE-GMEP-S-048-A-3: Boxplots showing the distribution of topsoil mesofauna abundance (total invertebrate
catch) across different broad habitats sampled in the GMEP field survey
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FIGURESMERPSOUTCOMES1: A comparison of the GMEP core cutter and dma¢fon augerfor
sampling soil and resulting carbon concentration results.

500

400

Carbon conc. Core Cutter (g/kg)
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100

\ \ \ \ \ \
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Carbon conc. Halfmoon Auger (g/kg)

FIGURE-GMEP-S-065-A-1: Relationship between carbon concentration estimated from
halfmoon auger verus carbon concentration as estimated by core cutter.
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4.9Landscape and access

Three high level indicators have been selected whiithenable the futurémpacts of Glastito be

assessed fdandscape, historic features and access and thus potgnkiallv a broacer section of the
communitymay benefit from GlastirAs many visitors to the countryside tend to be concentrated around
urban and coastal setting it is importatat note thatGMEP squardacludecoastallandand land
surrounding our towns and cities (so called psban).

Indicatorspresented include hew index developed by GMEP to provide a robigstted and

repeatable metric for assessing aesthetic quality as perceived by the piflitnex 21)Plant

species richness, amount of water and green spaces have all been found to be positively related to
the VQI suggesting there is a link between ecological and landscape quality. Future assessments will
be able to quantify change over tinamd the linkto Glastir paymentsand the relationship between
ecological and landscape quality using other metrics such as the new High Nature Valysdadex
Section 4.; Other indicators requested by the GMEP Stee@ngup include the condition of

Historic Environmentdaturesand condition of public rights of way.

National trends

Positive outcomes

1 66% of public rights of ways are easy to use. This appears to have increased steadily over the
last 10 years from a baseline afound 40%.

i Landinside protected area$ias a higbr Visual Quality Index compared to land outside

Comparison of land in scheme compared to land out of scheme

9 Land in Glastir has a mean higher visual quality index relative to land outside of scheme.
Future assessments will be able to quantify the change due to Glastir interventions

Areas for concern / further action needed
f 57% oMistoric Environment Featuredld Ay W{ 2dzy RQ 2NJ WO9OEOSt t Sy (i Q
assessments made by Cadw listed buildings and scheduled monuments perhaps reflecting
their larger number and thugreater challenge to protecThe greatest threats identified on
site werevegdation encroachment (50%$%tock damage (25%) such asaphing, burrowing,
path wear;and agricultural operations (13%), such as rutting, ploughing, drainage, stone
clearance, pasture improvement etc.

33R.D. Swetnam, S.K. HarrisBarran, G.R. Smith, Quantifying visual landscape quality in rural Wales: A GIS
enabled method for extensive monitoring of a valued cultural ecosystem service, Ecosystem Services, Available
online 21 November 2016, ISSN 22126, http://dx.doi.org/10.1016/j.ecoser.2016.11.004.
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FIGURESMEPRL-OUTCOMEA-3: a) Condition of HistoriEnvironment Features (HEFs) from GMEP,
b) the difference in the Visual Quality Index (VQI) of land which has come into Glastarednp

that outside the scheme, c) the difference in th@Nhside a protected areas compared to those
outside and d}he relationship between plant species and the VQI.
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TABLEGMEPRL-OUTCOME-3: Indicators of landscape quality, historic feature conditzor
condition of Public Rights of Way

Significant differences over data series and latest period are indicated by: + significant increase;
significant decrease; = no change; n/a not available.

Median Visual
Landscap| Quality Index (index

e quality® from 0¢ 1.0): In 0.468
scheme N
Median Visual
Quality Index (index 0.451

from 0¢ 1.0): Out of
scheme

Historic Environment
Feature Condition (%

AY  W{ 2 dzy
WOEOST t
conditiony

Public
Rights of
Way

% offootpaths and
rights of way which
are easy to use

1 This is a combined scoring of five key components from the GMEP survey squares: topography (how rugged / varied théslandform
.blue-space. (water features in the landscape); .grspace. (habitat diversity, vegetation complexity); anthropogenic (baitiponents);
historic / cultural (including presence of Scheduled Ancient Monuments etc). The validity of théasdesertested in an array of web
based and social survegad has been found to refleghlues actually attributed to quality of lands@aps perceived by a broad section of
the population(Swetnam et al. 2016)

2 Data fromCadwas presented in the Programme for Government, Indicator OU095. This detseid on listd buildings and Schedule
Monuments(SAMs)o is not comparable to GMEP iafhare forsites includingindesignated Historic Environment Featu(ekEFs)

3 https://statswales.gov.wales/Catalogue/Enviroemt-and-Countryside/Stateof-the-Environment/Ouflocal
Environment/PercentageOfFootpathsAndOtherRightsOfWayWhichAreEasybgliseal AuthorityYear
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5. How does land in the Glastir scheme differ to the national
average overall?

Assessment of the initial diffence between land which has come into scheme is essential to
provide a robust baseline for future assessments of Glastir payments. Of particular importance for
reporting to the European Commission, is the impact of Glastir on High Nature VaMgféfand
which combines various indicators relating to biodiversB@MEP was tasked with developing a new
approach to characterising HNV land with some key stakeholdeesHNV reporin Sectiord4.5). It

may have beerxpected that Glastir would capture a hay than random percentage of HNV land

to ensure continued protection of land with high levels of biodiversity.

Results indicatéhat the amount of High Nature Value farmlaldNV Type WWith a high proportion

of seminatural land is higher in scheme than out of schemféch has a higher Visual Quality Index
than the national averageHowever, the Glastir survey does not appear to have captured aigas

a mosaic of habitats and/or land uses reflective of Hye 2 (Further consultation is required to

agree on HNV Type 3 land relating to land important for rare species to exploit latest informktion.

is perhaps surprising that the capture of HNV Type 2 related to mosaic of habitats has not come into
the Ghstir scheme. This may relate to early priorities by Welsh Government to prioritise payments in
Years 1 and 2 to water quality and climate change.

There are no differences in condition of land coming into schéres. is likely to be due to the wide
variety of land in both populationand the diverse land and farm types targeted by Glastir

In summary, land in scheme had the following differences compared to the national average

1 54% of land in scheme $eminatural habitat compared to the national awage of 41%

1 27% of land in scheme is High Nature Value Type 1 farmland which is characterised by
having a high proportion of sematural land. This compares to 14% Type 1 HNV for all of
Wales.

1 There was little difference in Type 2 HNWhich is charactesed by having mosaics of
habitats with 18% in scheme compare to 15% in ttegional average. Habitat diversity was
also similar in scheme and for all of Wales.

1 Wetlands, grassland and heathland are all more connected in scheme compared to national
avera@ (189%, 135% and 154% respectively) whilst broadleaved woodlanddstessted
(73%). here isalsolower hedge density in scheme compared to all of WéIe86)

1 Sreamshaveless physical modificatioendlower rates of anthropogenic enrichment but
more impacted by acidification as indicated by benthic diatoms.

1 Land in scheme has a higher mean visual quality index compared to the national average.

9 Little differencein plants indicative of goodondition were observed between land in
scheme versus that out of scheme or the national average. This includes no difference in
presence of plant species indicative of good condition, soil properties, pond quality and most
woodland condition metrics.

Many of these results are included TABLESMEPNRMOUTCOM-1 wherewe apply the data to
explore resiliencef land in scheme compared to the national average
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6. Can GMEP results be used to explore resilience?

Many of the results captured by GMEP are relevant to assessing the area, condition, diversity and
connectivity of the Welsh countrysidehich ae consideredinderlyingfeatures for understanding and
monitoring eccsystemresilience Promoting the resiliencef the countryside is a new duty required of
public authoritieswhich is embedded in the neEnvironment (Waleshct and the Welbeing of Future
Generations (Wales) Act.

Toexplicitly quantify this for land in scheme compared to natianadrage wedentified 12 high
level indicators for area, condition, diversity and connectiwitie useddata from the GMEP field
adzNBSex /91 Qi P and Raeledsnbtiicy dombiningitiie twAnnex 11). We also
included arnindicator relating to the resiliencef the farming system identified by tt@eMER~armer
Practice Survey

Results indicatéand in scheme has more attributes relating to resilience compared to the national
averageFIGUREEMEPNRMOUTCOMH-1; TABLESMEPNRMOUTCOM#E-1). This approach

with additional metrics particularly relating to social and economic features could be used to assess
future outcomes of Glastir and its contribution to increasing the resilience of the countryside for
both people and nature.

FIGURESMERPNRM-OUTCOMH-1: Comparison of land in Glastir compared to land across all Wales
for metrics of resilience.

Characteristics of land related to resilience:

High Nature Value Farmland (Type 1)
Wetland connectivity

Heathland connectivity

Grassland connectivity

Semi-natural area extent

Farmer actions

High Nature Value Farmland (Type 2)
Habitat condition

Headwater streams & ponds condition
Habitat diversity

Hedge density

Woodland connectivity

-50 50 100
Percentage of characteristic in Glastir land compared to all Wales

o

Positive values indicate land in Glastir may be more resilient than land across all Wales. Negative
values indicate land in scheme may be lesslisnt compared to all Wales.

34 hitps://www.ceh.ac.uk/services/langovermap-2007
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TABLEGMERPNRM-OUTCOM#E-1: Differences in metrica/hich may promote rakenceof land in
scheme compared tthe national average.

% Semhatural CEH Landcover map
Ared land 2007 54 41 132
Habitat diversity Number from GMEP 0.61 0.63 97
Diversity Sy e
. . . umber from
Habitat diversity Landcover map 2007 1.01 1.05 96
Wetlands Modelled from GMEP| 10,485 5,538 189
Connectivity Grassland field survey data to all 102,556 | 76,100 135
Heathland 1km squares for 39,520 23,961 165
Woodland Wales. 28,407 38,929 73
Modelled from GMEP
field survey data to all
Hedge density 1km squares for 2620 3506 75
Wales. Length added
across habitats (km)
High Nature | Type 1 HNV maps (Annex 27 14 193
::/Z:‘:ﬁan 4 | Type2 18 15 120
Common Number of indicator
Standards species in permanent
Condition Monitoring vegetationplots in 5,19 4.65 112
species across alll GMEP Wider Wales
habitats survey squares
Headwater GMEP survey
streams and . 104
. combined data
ponds condition
Number of actions
Farm Number of farms | taken by farmers in
diversification | undertaking scheme from the 20 16 125
and efficiency | actions GMEP Farmer Practig
Survey

IThese three features could be replaced by the HNV Type 1 and 2 indicators. HNV Type 3 which is indicative of land

supporting rare species could also be added.
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7. Legacy of past agenvironment schemes

Attempts to extract the legacy effect of schemes such as Tir @afahallenging due to different
selection criteria and prescriptions, different methodologiasd lack of baseline data for some
components e.g. species. However some examples are aleailab

Legacyin farmer action
TheGMEPRFarmer Practice Survépnnex 4jndicated

1 No increase in fertiliser use attributed to farmers exiting the Tir Cynnal or Tir Gofal schemes
suggesting a positive legacy effect. Howevesults for animal numbers weraore variable.

For examplefor farms having exited the Tir Cynnal or Tir Gofal schemes there was a net
increase of 3.7% in dairy cow and a decrease of 5.8% in suckler cow nuhtiageswas no
significant change in the dairy adult and dairy follower nensb In comparison, for farms
participating in the current Glastir scheme, changes were limited to a net decrease of 3.9%
in breeding ewe numbers, and a small net increase of 1.5% in beef finisher numbers.

9 Participation in the previous Tir Cynnal schemasvassociated with 11.3% more farmers
increasing the proportion of manures spread during the growing season when risk of runoff
is reduced, and 16.7% more farmers completing a manure management plan.

9 Participation in the previous Tir Cynnal scheme wascatem with 9.4% more farmers
using professional advice.

1 Overall there was a persistent effect of previous patrticipation in the Tir Cynnal and Tir Gofal
schemes in 2009 on the uptake of selected management actions surveyed on farms that had
not entered Gastir in 2016 Furthermore,34% of participants in the Glastir Entry and

Advanced schemes agreed that participation in an8gyi A N2y YSy G &aOKSYS KI R

Y& YI yl 3SYSy @ompafed id 8136 offpartidivadits in the Tir Cynnal or Tir Gofal
schemesOne explanation for this may be under the Tir Gofal scheme, participants had to
adhere to the mandatory Whole Farm Section which strictly controlled stocking rates in
2NRSNJ G2 NBRdAzOS &a2Af SNRaAA2YD® Ly 2NRSNI G2
had to reduce stock density considerably. In contrast, optional management agreements
under the current Glastir scheme include a number of prescriptions that restrict stocking on
habitat land. Therefore, participants were only required to reduce stackates if they

signed up to certain options, unless they were participating in the Glastir Commons, where
they were required to achieve a sustainable stockagl (Annex 5).

Past effect of AES schemes and their Legaegasystem condition:

Preliminary analysis of early GMEP data identified better condition of upland heathlands that had
been maintained under Tir Gofal optiorcémpared toheathlands that had never been in Tir Gofal.
There was no evidence for a legacy effect for 7 other dial®ptions exploredHowever,the

analysis only included Year 1 anGRIERJata and this initial analysiseeds to be repeated as many
benefits will takel0-20years to be realisedighlighingthe need for both consistency in
management and monitoring approaches

In addition to this legacy effect, work has continued by the organisations involved in Tir Cynnal and
Tir Gofal evaluation to explore the original evidence base for scheme impistsresults published
include:
1 New analysis of data froBTO/JNCC/RSBBeeding Bird Survey in Walies GMEP
identified a series of Tir Gofal tigns for whichpositive associations were much more
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common than negative ones. This was particularly strongvfodland and hedgerow
management, followed by arable seed provision and scrub managefREBURE GMED
OUTCOMIE).

1 A recent paper published by the team involved in Tir Gofal/Tir Cynnalsassesproject®
has indicated @ombination offield surveyand modelling was able to identify an effect of
scheme entry on water quality.

8. Ecosystem functions, services and opportunity mapping

Many ecosystem services are the combined outcome of the combination of several ecosystem
functions which derive from theugntity, condition and spatial configuration of our natural
resources within landscapes. As traditional moriitg most effectively captures the quantity and
condition of natural resources, modelling is often used to bring these together to map ecosystem
functions and services ideally taking into account how they align in the landscape. In GMEP we have
used theUVW/CEHLUCI model to explore ecosystem functions and services as LUCI is able to
explore the concepts of connectivity (e.g between woodland$doal speciesandflows (e.g.
topographical flow of water andffects ofbarriers/bufferg for severecosystenservices derived

from the interacting effects of air, soil, water and biodiversig.LUGdperates at a 5m scale, it is

able to simulate thempacts of small scale interventions such as wetland and riparian area creation
which are an important part of agenvironment schemes such as Glastir.

The LUCI (Land Utilisation Capability Indicator) model was one of a suite of models applied as part of
the GMEP project. LUCI models ecosystem services anddffedeetweenservicesenabling it to be
usedfor landscape planning for targeting of interventions to maintain existing good service. The
methodology and a wide range of modelled outputstfoe seven services is availakileAnnex 10
Opportunitiesand their tradeoffs explored here are:

1 Change in agricultural production to better match land quality
1 Woodland creation

1 Optimising arbon stocks and sequestration

1 Improvingflood mitigationand diffusepollution

Headline findings

1 Opportunity mapping by our ecosystem service model has iden®ig88%a of land in
Wales which potentially have significant opportunity to enhance multiple services with few
apparent tradeoffs. This provides a basis to help target more locally based assessments
incorporating local data sources and stakeholder priorities.

1 We explored opportunities for woodland planting identifying 616, 067 ha of land where

there are opportunities to do woodland planting to extend current woodland and/or reduce
rainfall runoff without impacting on a range of conservation, cultural, watediguand
climate services

1 We identified potential target areas to increase soil and biomass carbon sequestration.

1 We assessed whether land whether has come into the Glastir scheme was identified by LUCI
as having high opportunity to improve multiple egetem services. Overall, land identified as

35 Jones, J. I., Murphy, J. F., Anthony, S. G., Arnold, A., Blackburn, J. H.lD@erdgtHawczak, A., Hughes, G.

O., Pretty, J. L., Scarlett, P. M., Gooday, R. D., Zhang, Y. S., Fawcett, L. E., Simpson, D., Turner, A. W. B., Naden,
P. S. and Skates, J. (2017), Do-egvironment schemes result in improved water quality?. J Appl Béol

537¢546. doi:10.1111/1362664.12780
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having high opportunity to improve multiple services has not come into the scheme. This
mismatch should be explored further as there should be good potential for modelling to help
inform spatial planning and taeging.

1 Ecosystem service models have different strengths and weaknesses, and the selection of
model for the specific application purpose is essential.

For each service output is considered in terms of existing service provision and opportunity to
improwe. It should be remembered that any mapping approach serves only to help target-tollow
exploration of potential opportunities which should involve incorporation of any local data sources
not embedded in the national scale data used in models such dsand@ range of stakeholders
familiar with the areas identified.

8.1Compamson of Ecosystenefvice models

The LUCI model has been explicitly tested against 2 other well used ecosystem models irich data
catchment in Wales (the Conwy) as part of MiERC Biodiversity and Ecosystem Services
Programme in a project led by CEH Bangor.ré&kelting results now published in the pesviewed
literature®® indicatesthe relative good performance of the QUmodel relative to the other two
models but also higlighted the need to recognise the different models simulapparently similar
services (e.g. water flow and flood) which on inspection are fundamentally different andvtiicis
cannot be directly compared.

8.2 Opportunities to improvegriculture andhe management of

designated land

The LUCI Agricultural Productivity Tool can be applied to identify areas of more productive land
which should not be targeted for habitat creation. The tool can also be applied to identify areas

which may be currently ovartilised, which should be assessed for any possible degradation of the
land or environmental impacts. These can be considered in the context of areas which may require
protection for environment and biodiversity. The results suggest 76% of the coufpyinsally

utilised for agriculture. For the areas covered by National Parks and Areas of Outstanding Natural
Beauty, again land is mostly appropriately utilised. However, for Special Protection Areas and Special
Areas of Conservation, a slightly greatezars shown to be over utilis€BIGUREMEPNRM
OUTCOMIB-1). This may warrant further assessment, to ensure that land is being effectively

utilised without unintended consequences on these areas of national importance.

%6 Sharps, K., Masante, D., Thomas, A., Jackson, B., Redhead, J., May, L., Prosser, H., Cosby, B., Emmett, B. &
Jones, L. (2017) Comparing strengths and weaknesses of three ecosystem services modellingdo@ssin a
UK river catchment. Science of the Total Environment582t118130.
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FIGURESMEPNRM-OUTCOMED-1: Modelled estimate by LUCI of relative agricultural utilisation
mapped across Wales, with a statistical breakdown for the country as a whole, and protected areas
of national importance. Note: These results should be used to tarfpetfurther exploration at a

local level as they have not been groutndthed.
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8.30pportunities for wodlandexpansion and creation whilst

protecting and enhancing other services

The LUCI woodland connectivity tool can be applied for identification of suitable areas for habitat
expansion and protection. This enables new planting to be targeted to areas where it would be
accessible to existing biodiversity, without damaging other important habitdis.tool follows a
costdistance approach to evaluating habitat connectivity daihg the approach outlined by Forest
Research's BEETLE project (BEETLE stands for Biological and Environmental Evaluation Tools for
Landscape Ecology). LUCI automates this approach, and uses Forest Research's parameters for focal
woodland species. Thisddtifies a potential area ddfforestation of 462,231 ha. Howevef other

factors which may affect suitability of land for afforestation, such as Section 15 priority habitats,
historic landscapes, red squirrel habitats, urban areas and areas of mor@ themsystem Services

with existing good condition are used as masks, the potential area for afforestation is reduced to
356,82%a.

Woodland planting can have added benefits in terms of flood mitigation where trees increase
infiltration to soils in areas where accumulating surface water is routed to the Mieareas with
potential for afforestation to extend woodland and/tw reduce flood risk, amount® a total of
616,06 7hawithout planting in the unsuitble areas FIGURESMEPNRMOUTCOMIP-1).

82



FIGURESMERNRM-OUTCOM®P-1: 771 Opportunity to extend existing habitat, taking into account constraints
Opportunity fOI’ afforestation to Il Further opportunity for woodland for flood risk mitigation
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offs.
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target for further exploration at a
local level as they have not been groutndthed.

8.4 Areas taargetfor protection of arbon stocks anchaximise

carbonsequestration

The LUCI carbon tool can be used to identify areas vgtiifcant carbon stocks which should be
protected, and areas where there is potential for sequestration. This can help to avoid emissions
from agriculture, and has potential to help offset emissions from other secitws model applies a
GdaLl OS gSuBstitdtich xoX&célate potential for emissions or sequestration, in assuming that
any change in carbon storage in soils following landuse change can be estimated based on
comparison with data from other sites with the same soils where the new lanéwdeady
establishedThe new unified peat mageveloped by GMERas already been integrated with the
Natmap soil data for the modelling presented here, and work is underway to calculate and map the
impacts of changes in GHG inventories for peats antbwes.Carbonis estimatedaccording to

IPCC tier 1 protocolsVe calculated total carbon in biomass and top 1m of soi@82sMtC for all of
Wales. When converted into G@&quivalents, this i8400 Mt;over 30 times the total BG emissions
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from Wales irR0147. The calculations seem reasonable in comparison to previous calculations of
340 Mt C in the top 1m of Welsh séflsand114 Mt C in all vegetation across the ¥Kalthough this
is unsurprising as these calculations are based osdnee underlying data.

The model then calculates potential to increase carbon storage over the landscape, by comparing a
value of potential carbon stock at equilibrium under a different landcover with the current carbon
ai201 @ ¢KS a0 S angsoil datboh RES Be@rSdetified fbideacti sdilNype based on
national datasets. Sequestration potential is mapped as a rate per year, assuming consistent rates
over 150 years to reach the new equilibrium. Positive values mapped for carbon change indicate
potential to store more total carbon in soils and biomass if landcover is changed. Where values are
negative, this shows that although soils are able to store more carbon under a different landuse, the
reduction in biomass carbon would be expected oftaey benefits, resulting in lower total carbon
storage in the landscape.

If this potential were realised, it would represent a 45% increase in carbon storage after 150 years,
and a total of 637 Mt (or 4 Mt per year) in £€yuivalents. This would be enouthoffset annual
residential emissions 2014. It is of course unrealistic to suggest thauadhange would occur on

this scalehowever the map may be useful in targeting areas where land use change may be able to
achieve carbon sequestration benefits

STE. Salisbury, K. H., R. Brook, G. Buys, R. Bailey, G. Thistlethwaite, C. Walker, D. Wakeling, P. Brown, Y. Pang, L.
Cardenas, M. Broomfield, P. Henshall , E. Kilroy, K. King, H. Malcolm, R. Matthews , T. Misselbrook, J. Moxley,

T. Murrells, N. Passant, Fhomson, N. Webb, K. Young (2016). Greenhouse Gas Inventories for England,

Scotland, Wales and Northern Ireland: 19214,

38 Bradley, R. I., R. Milne, et al. (2005). "A soil carbon and land use database for the United KiSoddisé

and Managemen?1(4): 363369.

3¥Milne, R., and T. A. Brown. (1997). "Carbon in the vegetation and soils of Great Briamal of

Environmental Managememt9(4): 413433.

84



FIGURESMEPNRM-OUTCOMBB-2: Map FIGJREGMEPNRM-OUTCOMIB-2: Map
of estimatedcurrent stacks of carbon sequestration potential fol
biomass and top 1m of soil (kgfin
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8.5Areas to target foldod mitigation

LUCI modelling for flood mitigation can be used to identify where creation of habitats such as
wetlands and forests may also help to reduce risk of flash floods downstiatand use or types
that provideflood mitigation are treated as having high dkig values; these include woodland,
wetland, bog, marsh, scrub and similar natural aco¥aeas where a large amount of unmitigated
flow mayoccurmay betreated as priority areas for changmelandcover to reduce runaff

There are 3main outputs forfled YA GA Il GA2Y T AaYAOGAIFGAYHad £ I YRE 6
concentratiok. ¢ a A G A3 GAy3Ié¢ Tl YR A4 6KSNB flyR dzaS 6So3c
infiltration. Thiscan help to mitigate downstream flood ribly acting as a sink féast moving

overland flow and neasurface subsurface flow; either storing this or routing the water more slowly

through subsurface routest a A G A 3 6§ SRé¢ fFyR A& GKS FNBF 2F flyR
mitigation and therefore is less likely to bentributing to flash floods and water quality issues. Land

with moderate or highéflood concentratiod A& ¢ KSNB G(GKS G2LR2 AN LKe 27F 0
runoff water increasing the risk of flash floddwnstream Creation of habitat types which provide

mitigation in these areas could thus help to reduce this flood risk.

There may be added benefits to biodiversity from habitat creation in these areas, but it is also
necessary to be cautious of potential unintended consequences. It is also necessaryderconsi
constraints on habitat creation from designated Historic landscapes, existing good condition for
other ecosystem services and urban aréa& would also expeetetland sites of international
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importance designated under tHeamsar Conventiof1971)to provide good mitigating service for
runoff. The pie charts indicate that these sites are modelled as providing flood mitigation services, as
would be expectedFIGURESMEPNRMOUTCOME-1).

FIGURESMEPNRMOUTCOME)-1: Areas which may benefit fromeation of woodland or
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pie charts show a breakdown of LUCI flood mitigation output for all of Wales, and a comparison for

the Ramsar areas.
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8.6 Land wih multiple opportunities for service improvement and the

relationship to land which has come into Glastir

LUCI Tradeff maps combine information from the separate tools to identithere opportunities

exist to mprove delivery of these services whilst foting areas which currently delivery a high

level of service. Aopportunity mapfor Wales with a breakdown of statistics by county provides the
outcome of this approaciH{GUREMEPNRMOUTCOMIR-1). There are no counties which do not
have at least somarea with multiple opportunities to improve ecosystem service provision through
landcover change, and all counties also have at least some area with multiple services in good
condition, which may benefit from other Glastir measures for conservation.

An exploration of how Glastir uptake aligns to the LUCI opportunity and todflsmapping indicates
there was a 50% reduction (16% to 8%) in Glastir interventions involving landcover change on land
with significant or existing multiple services (red and dad) relative to the rest of Wale§FI(GURE
GMEPNRMOUTCOME1). However, it may have been expected that more of the 17, 040 ha of
landcover change undertaken as part of Glastir would have aligned more strongly wih,889ha
identified as havingignificant opportunity to enhance multiple services.

The potential of nodelling approaches such as Lu@ich directly model the importance of
topographically influenced services such as flood mitigation and simsudutield-level
interventionsenablesub-national identification of locations to look for these opportunities. If used

in combination with other models such as Farmscoper and Multimove as we have done in GMEP to
crosscheck findings angroduce a more holistic output, confidencegained inmodel outputs and
important messages re lag times and dynamics of systemiighlighted.Nevertheless all

modellers should emphasise the importance of Ideakl assessments as national data on which

most models mean they are a useful targeting apprdactollow-up work.

A more formal coupling of these models and other models could provide a capability similar to that

developed by the European climate change impacts commfdftityexplore a range of future

scenarios and opportunities. This couplingrafdels enables the crosector (agriculture x forestry

X water etc) interactions to be captured and models are selected which include dynamic processes,
this would also ensure the effects of climate and feedbacks are included ensuring decisions are not
mtRS oFaSR 2y GKS FdeLAOKf WI@SNIISQ Ot AYIFGS

40 Harrison et al. (2016) Nature Climate Change 6:@880.doi:10.1038/nclimate3039
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FIGURESMEPNRMOUTCOMR-1: Opportunity mapping by LUCI for 7 ecosystem services
(agriculture production, flood mitigation, water quality mitigation for N, water mitigation for P,
woodland connectivit, carbon storage and carbon sequestration) by county
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