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/| NEy2RS06 AQNJ 5AySaé&RrRR

Beth yw pwrpas Rhaglen Monitro a Gwerthugalastir?

DfFAGANI 26 QNJ LINAT 3Jeytfdzy &ae@RR 3Jly [@62RNISGK
amgylcheddol. PwrpaRhaglen Monitro a Gw#iuso Glasti(GMEP) yw gwerthuso llwyddiant y
Oedyftftdzy® 5NB& 3I2YAAA&YdzQNJ NKI 3t Sy Y2yAUGNRB 2O0KNJ
adborth buan ac addasu taliadau i wneud y cynllun yn fwy effeithiol. Mae cynllun Glastir yn cael ei
ariannuaryOB R 3Ly [@62RNISUK / @YNHz 0RNBEQN) / eyftdzy 5
adroddiad blynyddol am allbynnau GMEP. Bydd GMEP yn rhoi cymorth hefyd i gyflawni amrywiaeth

eang o ofynion cenedlaethol a rhyngwladol am ddarparu cofnodion ar gyfer bywaaeth,

allyriadau nwyonlt gwydr, pridd ac ansawddAd.

Beth yw gwaith y rhaglefa

al SQNJ NKI 3t Sy &y Oladfdz deadaz2tlSGK NI 3&FSN LR
Df FAGANY €t SAKFdz STFSAGKAL dzQNIAry &ab y drywd/ medrNJ KA y &
bioamrywiaeth; rheoli coetiroedd yn well; a mwy o fynediad at dirweddau Cymru a chyflwr
Y2ROSRRA2Y KIYySaeRR2f® /e8Fftl gyANI ffF8SNI 2QNJ) 34| ;
ledled Cymru, hanner ohonynt mewn ardaloedd & blaerathidle y mae taliadau uwch ar gael. Caiff

y sgwariau 1km eu dewis ar hap o 26 o ddosbarthiadau tir, fel bod cynrychiolaeth dda o dirweddau
Cymru. Archwilir y sgwariau dros gyfnod o bedair blynedd ac ailymwelir & nhw wedyn dros y pedair
blynedd dilynol. Dy wneud hyn, cesglir tystiolaeth o newid a bydd yr effeithiau ar fesuriadau o

dywydd eithafol mewn un flwyddyn yn cael eu lleihaued RR | N3 @y S0 SRR & WGANJI I
sgwar a archwilir yn amrywio a chaiff hyn ei ystyried wrth ddadansoddi data. Byddfyd yn

cynnwys data o raglenni monitro arbenigol parhaol yn ein dadansoddiadau lle bynnag y bo modd er
Yoy RSFTY@RRA2QN) K2ff | RY2RRlFdz a@8RR FNJ 3FSf o
RA&Z3gef ASRAT @y @& ReT2R2f{ blAeBdriaetBau By@ddfadtiNCyhriR R I & dzQ
6ft SAKFdz STTFSAGKALF dzQN) ySAWNA R Y Wi @NRRRESRRRRzy ® IR
STFIAGK Fgel F LIRaAO0E 2QN) Oeyff dzyo

SGK 86QN) Rdzt t Al dz F NI 2S5a2¢
Rydym yn defnyddio offer moleciwlaidd newydd i ymchwilio i i#ffau cynllun Glastir ar
organeddau mewn pridd a thechnolegau lloeren i fonitro cyflwr mawndiroedd, niferoedd y
nodweddion coediog bach ac arwynebedd a chyflwr cynefinoedd yng Nghymru. Datblygir dulliau
newydd o asesu ansawdd gweledol tirweddau ac o idiffTir Ffermio sydd o Werth Mawr i Natur,
O | RSAtSRANI a@aidSyYldz YSa&adzNJ aiéghgdr erfmwyh dm@stiir 02 Ty 2
allyriadau carbon deuocsid, ocsid nitrus a methan o laswelltiroedd ledled Cymru.

Bethy maeGMEPs SRA QA 3J&eFf L gyA &y & TFtgeRRey 3Jeyidal ¥
Roedd y gwaith yn y flwyddyn gyntaf yn cynnwys treialu dulliau ey I OK g 0 f KI dzQNJ | NP
Oeyill ¥ alS Y2RSt &N 6SRA @YOKgAft A2 AQNIJASTTIAGK
allyriadau nwyonit3 g & RNJ I OkKeaéff iSRR NKgy3d O2SGANRBSRRD |
effaith ddichonol o wahanol ymyfal dzQy | YNEB g A 2 NKgy3I nodm | M JE?
385y SRtFSGK2t |+ 62R GFNBSRdz GFftAlRFdQY 2F2R2f 2y
dibynnu ar y rhagdybiaeth ynghylch arwynebedd y tir ar bob fferm a newidiadau gwirioneddol sydd

% SRA Qdz @ag flefmang.\Bydd arolwg o flermwyr a gynhelir yn 2016 yn darparu mwy o ddata

'Y Keéyad .28RR INpfeéedz2zy LISttt OK 2 FFTSN¥geENI &y &YO
OFFSAGKAZ2EI NBERR DflaGANE A QNI NK gasesul dliradd caoh. 3 R S NJ
Bydd gwefan GMEP yn cael ei lansio yn Ebrill 2015 a bydd canlyniadau arolygon maes a rhediadau
modelu yn cael eu cyhoeddi arni.






Citizen Summary

What is the purpose of Glastir Monitoring and Evaluation Programme?

Glastir is the rain schemeby which the Welsh Government pays for environmental goods and
ASNIAOSE oKAfalh GKS DflFadAN a2yAd2NRAy3 YR 90! f
success. Commissioning of the monitoring programme in parallel with the launch of asér Gl

scheme provides fast feedbaakd meangayments can be modé#d to increase effectivenessThe

Glastir scheme ipintly funded by the Welsh Government (through the Rural Development Plan)

and the EU, to whom outputs from GMEP are reporgethualy. GMEP will also support a wide

range of other national and international reporting requirements for biodiversity, greenhouse gas
emissions, soil and water quality.

What does it do?

The programme collects evidence for all five intended outcomes fromGlastir scheme; climate

change mitigation, improvement to water quality, a halt in the decline of biodiversity, improved
woodland management and greater access to the welsh landscape and condition of historic features.
Much of this is achieved through &lfl survey of 360 1km squares across Wales, half of which are
focussed on areas prioritised for advanced payments. The 1km squares are selected at random from

26 land classes, ensuring good coverage of the Welsh landsBgpares will be surveyed over a

four year period and then revisited over the following four years, meaning evidence of change will

0S O02tfSOGSR YR GKS STFF¥FSOla 2F IKKSAYWNSS @F NUDI
fIryYyRQ gAGKAY SI OK & dzNIJS ke iRto d@ctodat dNdhg anhdlysi€. Dagalfroi® | Yy R
ongoing specialist monitoring programmes is also included in analysis wherever possible to maximise

use of all resources. Models are being used to estimate expected future outcomes so that
adjustments can be madto match Welsh Government priorities (climate change mitigation and

water resources in years one & two) and scheme impact can be maximised.

What is innovative?

We are using new molecular tools to explore the effects of Glastir on soil organisms ahitesate
technologies to monitor the state of peatlands, numbers of small woody features and areas and
condition of habitatin Wales New approaches to assess visual quality of landscape and defining
High Nature Vak Farmland are being developed anaile measurement systems for recording
greenhouse gas fluxes are being built to measure carbon dioxide, nitrous oxide and methane
emissions from grasslands across Wales.

What has GMEP achievediiiis first year and what are the main findings?

Work in the firstyear included piloting new methods and completion of the first field survey.
Modellers explored the potential impact of some selected payments on water quality and flow,
greenhouse gas emissions and connectivity of woodlands. Results suggest the patgudict of
different interventions range from 0.& 10% change at the national scale and spatial targeting of
payments appear to be more effective but much depends on the assumption made about land area
per farm and actual changes put in place by farmArgarmer survey being conducted in Bdsill
provide further data on this. Additional farmer surveys will explore the wider benefits of the Glastir
Efficiency Grants, the barriers to uptake of the Glastir Woodland payments and will assess carbon
footprinting. A GMEP website will be launched in April 2015 where the field survey results and
model runs will be published.






Crynodeb Gweithredol

1. Cyflwyno Rhaglen Monitro a GwerthusBlastirr QA G KnY

Mae Llywodraeth Cymru wedi comisiynu Rhaglen Monitro a&m@wso Glastir (GMEPhewydd

gynhwysfawr i fonitro effeithiau cynllu@lastir,ei chynllun rheoli tir newyddac i gyfrannu, os bydd

modd, at fonitro cynnydd tuag at gyrraedd nifer o dargedau cenedlaethol a rhyngwladol ar
FTAZ2EYNEBGAI SUK. Maddhyd yin tyllawhi Qrirdyiniad Llywodraeth Cymru i sefydiu

rhaglen fonitro i gyeredeg & lansio canIuﬁ;Iastlr al SQy 3AFrY YIgN eYfl Sy 2 N
ofF Sy2NRrf &d@8RR 6SRA OeTFtgeyz2 Sdz KByd?iN\R)rBst&tyan dz 6 S
sicthau cRE YFTFAzZNF AL SGK KSTE@R NQNJ I2FeyAz2y e@evYSaleyy?
Cyffredin(CMEFYy Comisiwn Ewropeaidd ar gyfer y Cynllun Datblygu Gw{&ddg} i Gymru yn un

2QNJ LISRg I NI Y& 8vr yit Echhel B8R R Hamgylchedd a Chefn GwdadBydd y
canfyddiadau cynnar GMEPyn darparu adborth buan ar gyfer negodiadau ynghylch cam nesaf y
CDGBydd ydata,8 Y2 RSf | dz I QNJ 2 F FSNJ | QMERYR eyfrafirdehe®ytl @ 3t dz | ¢
gynllunio adnoddau naturiol Cymru mewn ffordd gydgy®dig yn y dyfodoker mwyn datblygu

economi werdd a gwireddu dyheadau Bil yr AmgylcheBgdd y rhaglen ddwy flynedd bresennol yn

OFrSt SA KevySadey Y RRge FfeySRR @&O0OKglyS3azft 22
llwyddiannus

Mae tim GMEPyn cynnwyg amrywiaeth o sefydliadau sydd ag arbenigaethau gwahanol ar gyfer
gweithgareddau, amcanion a chanlyniadau amrywiol y cynbuh SQNJ NK I 3f Sy @&y OIF St
DFy2ftFly 902tS3 | | &RNZRCf Sagor.YimchdEiyNAmgykERegl Naokk St S A
corff ymchwil cyhoeddus annibynnolelodau consortiwm y prosiect yWwDAS, APEMRrifysgol

Bangor, Biomathematics and Statistics Scotland, Bowburn Consulfeotsyg Daearegol Prydain
Ymddiriedolaeth Adareg PrydainButterfly Conservation, ECORYSdwdds Consultants,
Ymddiriedolaeth CynefinoeddAD Croyw PrifysgolSt AndrewsPrifysgol Swydd StaffordPrifysgol

Aberdeen PrifysgolSouthamptona PhrifysgoVictoriayn Wellington,Seland Newydd.

2. Dull gweithreduGMEP
Prif elfen y rhaglen yw aneg blynyddol treigl a gynhelir ledled Cymru gan ddefnyddio dull ar lefel yr
ecosystem, Y@ a3 LISOKFdz SNIAffZ YISQYy YSaAeNI yATSNI 2 |
nodweddion tirmedd amrywiaeth planhigion aAlr croyw, a chyflwr nodweddion hanesyddol, ac yn

cynnaldau arolwg o bryfed peillio a phedwar o adgaiGgwbl

GSRAQA T LA2 | NBGlastri @ NIYISddzND ldz/ @ & ¥ NINR R

f STSt dzOKSf &d8RR ¢gSRAQdzRN&I Iy 2RA 3Tl y
Jry2t23 2 gSAGK3IIFI NBRRI dzQNJ NKI M__NJ
thystiolaethywe & G @ NA SR RF G 2 QNJ 32 NF ¥ Sy .
effeithiau cynlluniau amaetlamgylchedd a thueddiadau is
parhaus Rhai enghreifftiau o ddata a thystiolaeth o gylch
SKIy3F OK &a8RR ¢ RRAQIZKRYBEER
eu dal gan y Ganolfan Cofnodion Biolegmhddiriedolaeth
Adareg Prydain ac Arolwg Cefn Gwlad y Ganolfan Ecoleg a
Hydroleg Bydd y defnydd o dystiolaeth a data o gylch ehanga
8y KENBERR2QNJ I ffdz A aléshudi K
hanesyddol hirdymaorCynhelir rhagor o weithdai gydag ‘
amrywiaeth o sefydliadau monitro arbenigol a Cyfoeth Naturigl
Cymru ym mlwyddy2 i sicrhau bod yr holl dystiolaeth a data &
gasglwyd drwy raglenni monitro cyfredol a blaenorol mewn
cylchoedd ehangach yn cael eu defnyddio

[ eo
RRI

R NLJ N

Hyd y gwyddom, hon fydd y rhaglen fafya manylaf ar gyfe
monitro a gwerthuso ecosystemau yn holl Aelethdwriaethau &
FO ! §RdzNR2 Rl dz wKS 2 f infliNJy hiférRrr o Qlfarmaj lSvydkl R Rae: dull

5



monitro ar lefel yrecosystenfel y gellir dadansoddi effeithiau gwrthbwyso a cHuddion; rhaglen
Y2YAUGNR RNBAIE aeQy NKSRS3I 2 Odftdhiadl ¢ bwgs@ikvifoddl@ NJ O & y f
cynnwys dadansoddiadau cymdeithasol ac economaidd; cymhwyso dulliau newydd, e.e. techneg
foleciwlaidd i fesur bioamrywiaeth mewn priddata lloeren i fonitro cyflwr mawndiroedd a thyrau

fflwcs symudol i fesur nwyod @ g & RN . 8RR LJ206 dzy 2QNJ NKI Ay &y K
gwella ansawdd data, a sicrhau bod pob math o effeithiau o gynllun Glastir ar dirwedd Cymru,
ffermwyr a chymdéhas ehangach yn cael eu cofnodi.

al SONJ I RNRERRAIFTR Kgy @&y CGMERyENMWFdEY2 ei kdNauFrhwAgEMedi I ¢ y A |
2012ac Awst201Z O YIS LINA T 3l yf &yAl Rl dzQNaeFcyflangniedR e y I &\
mwy helaeth waith GMER/m Mhennod1.

3. Canlyniadau Blwyddyn 1 a sylwadau
3.1 Gwaith modelu i ymchwilio i ganlyniadau ar gyfer y dyfodol o gynllun Glastir
/'yt eyAl RFdzQNJ Ff geRRey 3Jeyilt FY

T tSyydz LI NIYSRNIdz NI 38FSNI LISRgIF NI Y2RStE aeqQy
cynllun ar lygredd gwasgaredigysylltedd cynefinoedddal a storio carbonamrywiaeth
LX FyKAIA2Y O SNERdz I QNJ SFFSAGKAIlI dz 3gNI KOG @ A
i , YOKgAft AR A OKgS YSadzaNJ @YENNEBR 3JIgNIKIeT
I ol aQ | INKR#&Y 5840 so&dd: ffirdpori parhaol heb fewnbynnau
(AWE15) plannu coridor ar lan nanfAWES9b)rheoli pori ar dir agoredAWE41a),
ymestyn ymyl coetifAWE 24)rheoli rhedyn(AWE 44)a chadw sofl dros y gaeaf

(AWE 28).
i Edrychwyd ar dri senario lENJ 2 SRR RSNBEeyAIFIR A&aStsx Oly2f
OK@YSNBER 02R & TFTFSN¥YERR | 2SRR &y Oe@YNE

graddau mwyaf posibl h.y. ar yr holl dir perthnasol ar y fferm. Dylid nodi bod hyn yn
debygol o roi goramcangyfrif arwyddo@ £ 2 QNJ Ol yf @ YAl Rl dzd b AR
@ LINBER Y IFIN¥e&ySo6SRR @ GANI I 2SRR 6SRAQA
FaSageR YFAYyG @NJFfEt@NAIFIRIdz @ 3IStEfAR 02R
T WKIFA 2QNJ Ol yteyAl RIdz &8¢

i At ei gilydd, roedd rhagnodiadaunigol o danGlastira @ Qy F NB I Ay G 2ai
YSoyoeyyldzQNI FFSNY | YA TR SyRainoedR & F NERA Y
ffermydd (h.y. AWE 9b, AWE 28, AWE 4la, AWE y2M)sicrhau gostyngiadau
cenedlaethol bacli<1%)mewn allyriadau o lygryddion o
ewtroffeiddio a llygryddion gorfodi hinsawdd

i Mae hyn yn gwrthgyferbynnu & chanlyniadau ar lef
al Tt S2SRR a&Qy RIyawh D&
AAt8RRE  YIFSQNJ tSTFStlt dz
nghynllunGlastirac arwynebedd y tir addas sydd ar ga
ar gyer ymyriadau yn cyfyngu canlyniadau ar radd
genedlaethol Er enghraifft, roedd maint y gostyngiac
lleol mewn llygryddion sawl gwaith yn fwy mewi
Dalgylchoedd & Blaenoriaeth lle y mae arwynebedd ez -8
2 RANJ LISNIIKylFaz2t &ae&RR ¢S Rdz | NJ
NQNJ ORlyyf fyzyR & ¢ QNJ FFA 3 dzNI T 3 & RIf:
gyffredinol ar ganlyniadau cenedlaethol yn fach gostyngiad yng  nghanran

i Cafwyd gostyngiadau cenedlaethol o ran trwytholc 2nadau niadau o dan v
. ? . . . gyfer cyfranogi

nitradau ac allyriadau o ocsid nitrusr@ethan 051 10% ! 6kstQ &y @

hefyd drwy atal gwrteithiawnitrogenl € £ SA K ¢ STTFAGK WeAN]
CSogyoeyyl dzQ

15 High : Percent Reduction in Total Nitrate Loss
from All Agricultural Sources




a020A2 NI &8N I NveySoSRRAWMWpe 2 (1 agStfi

i Roeddy canlyniad ar gyfer ansawddid) 2 QNJ RRI dz F2RSt | 28§
gwasgaredig wedi rhoi canfyddiadau ygpac roedd hyn yn ategu ein hyder yn y
canlyniadau

i Gall y newid yn yr 6l troed carbon cyffredin@l @ Qy Oéyygea HffeNKII
gwydr corfforedig ar gyfer ffermydd penodol fod yn gymain2d%

T Roedd y ddau opsiwn ar gyfer codgmestyn ymyl coér a phlannu coridor ar lan
nanhA £ £ RI dzQy Oeye@RRdzQNJ GANJ I 2SRR | NJ 3 Sf¢
rhwng3a12%ey f f SAKI dzQNJ LR GSyaArl f HMEd%a@FSNI f f
O y@RRdAzONJ @ FNIF RR &l 2 NA@4%ASW Seihbulnidtig2 £ | NJ
LINARR I SNERANI I QNJ T F2 5B%an iddbllai o gysyledidF f Sy 6 A
NKgy3ad GANI aeQy F3I2NBR.A SNBRdz O I FT2y@&RR

T Cafwyd rhagamcan o newidiadau cadarnhaol yn addasrwydd cynefinoedd ar gyfer
75%2 (PN rywogaethau planhigion a fodelwyd a chynnydd sylweddol tuag at
gyrraedd sgorau arfaethedig ar gyfer addasrwydd cynefinoedd o 16428 blynedd
FNJ &f @Y3a@YNER NQNJ 2LJAAGY !l dz

e >
=z

al SQNJ RSTFY@RR Kgy 2 T2 FRKGMERMENYN Bertifadyo ra/yEiehdiR Al gy
AQNJ YSGARALF RIdz & 3 f f Gagtir ab dail éhAgivgbadaeth bresenddy @ NA | R d
cyfnodau ar gyfer y newidiadau hynny, oherwydd gellir cael oedi sylweddol ar lawr. (pelmyddir

modelau hefyd i asesu newidiadau anodd eu mesurafigtiadau nwyon It gwydr, ac i gynyddu

graddfa neu ddehongli canfyddiadau o arolygon maes fel rhai ar gyfer ansaimdd dewn y
dirwedd/dalgylch ehangach NJ K&y aeQy Kz2ffogeaAid A aiONKI dz Rdz
bod y modelau hefyd yn rhoframwaithRI YOI YAl SGK2f 6SRAQA &aSAt Az I N
2Nl dz a@8RR FNJ ISt SNJ Ygey NKA&r, raddd yegWaith mbbdeR R | § |
cychwynnol ar senarios yn dangos

dz 2 Qdz
FSNbh ey

f . 0dzZRRA2Y O@YKINRf TFI OK
radd¥ | ISYSRfFISGUK2f = I Keé
buddion mawr ar lefel y safleoedd.
Bod lleoliad yr ymyriadau yn y dirwedd yn hollbwysig.
al SQNJ ffoeyyldz 2QNJ Y2RSE
fuddion dichonol o ymyriadau fel plannu coed os bydda
GSRAQHEXQY f BRRIFa NI 38FSNJ
dAr a charbon
1 Dylid nodi bod y canlyniadau o natur hirdymor,
enwedig ar gyfer bioamrywiaetiMae hyn yn awgrymu IR
bod angen posibl am ymrwymiad hirdymor i ymyriadau:
g ANBRRAzZONJ K2ttt 3JlFyfeyAil RI]
1 Y ogwerth posibl mewn modelau ar gyfer diwallu§
amrywiaeth o anghenion o ran cofnodi a datblygu poli$
&Y FYNEGAZ 2 QNiydNKggriunidlgofsdple!
yn ogystal &lastir. .

8y REY

S Lyal

= =4

Y 2t Fs RetAR y2RA 02R OFyfeyAl RIdQNI oh2 RS I dz
S8YIBYNER 3 &YeNR L Rhagwelil Y twddIys Slyhiadhil & deir yn rhoi

J2NI YOI yI@FNRT YI SN 20N STFFIAGK S & YIS NKg@:
cynhyrchiant o ganlyniad i atal gwrteithio neu droi tir pori yn goddis & RRI G 6f &3dz O | F
Y2RStldz 4N OKeYKiSiK KeéyzX 6@RR Y2RR Oeyylt S¥§
SYENAFRFdz yS6&8RR NJ 38FSNI NKF3ItSyyr &y & RefF2E
Ffermydd a fydd yn rhoi mwy o wybodaeth erfinwyr am y ffordd orau o weithredu ymyriadau ar



lawr gwlad a gwybodaeth fwy manwl am gytundebau gan Lywodraeth Cyn@uflwynir y
canlyniadau ym mhenoda2ia 5.

3.2Yr arolwg maes
I Lyt eyAlRIFIddzZQNI Tt g8 RRey 3Jeydl T

f Dylunio arolwg cenedlaethol hyblyg aish @ a il RS32f 3L RIF Ny 6SRAQA
uned samplu a ddewiswyd fel ei bod yn cynnwysElfen Cymru EhangadWWWC)a
ddefnyddir i amcangyfrif llinellau sylfagtueddiadau cenedlaethol ac ar gyfer adroddiadau
cenedlaethol ar gynlluGlastitk O 9f FSy ¢ $TIRMEIRRE KNI NIKSR® f f G A R
meysydd a nodau a blaenoriaeth yng nghyni@iastir.
1 Cwblhawyd yr arolwg yn llwyddiannus yn y flwyddyn gymathwiliwyd60 o sgwariaulkm
ar gyfer amrywiaeth eang o briodweddagcosystemgan gynnwysadar a phryfed peillio
priddoedda rhagnentyddnodweddion hanesyddol a chyflwr llwybrau trgegvrychoedd a
choetiroeddw Kl A SY3IKNBATFOA+ dz 2 NI RRFI QNI I NRfg3a &9
i 17262 f SAYAldz 602GFyS32f 6SRAQdz KI NOKGATf A2 D
i 15002 &l YLJ I dz LINJA BORo lgrfaR Ag@dynd @ drfolwg Botanegol
LI NKI 2f aeéQy RSFTYye@RRA2 Rdz ftAldz FRRIF& | NJ
cemegol, carbon ac infertebrata
i 20432 Yy2RGSRRA2Y LWeyild 6SRAQdz LISyydz | Qdz KI &
T 4arolwg ar wahan o addEbrillc Gorffennaj.
T 2arolwg ar wahan drwy gerddetawsdoriad120kmo hyd i gyfrif rhywogaethau o
loynnod byw ANB LA dz 2 @Syeéy | LKNEFTFSR K2FNry @&
hamseru o fewr®000nT.
T 790 kmo nodweddion llino(gwrychoedd glannau nentydaetc).
i Yrarolwg cyntaB QA FIF GK A F2yA( NBefahiteOAry/ciopwy 2 £ & NJ
diatomau (mewn nentydd yn unig macrdfytau, cynefinoedd ffisegolcyfansoddiad
cemegol d\r, mewn pyllau a nentydd.
T 470 nodweddion hanesyddol i asesu eu cyflwr.
i 9602 f dzyAl dz atyMEm SRR 6SRAQ
f  Roedd perchnogion tir wedi rhoi caniatad i fynd82%2 QNJ | NB & y S o(d@lkdau G A NJ O
sydd o fewn y cynllun a daliadau epadlfewn y60 sgwarlkm.Ym mlynyddoed@®-4 bydd
902 a3dgl NAI dzQy OF St Sdz KI NOK g A f dddampl@ adyfandof 6 & RR @&
330knt. Erbyn blwyddyrt, y rhaniad rhwng daliadau sydd o fewn y cynllun a daliadau eraill
o fewn yr arwynebedd samplu hwn fydd t68 / 50 a disgwylir y bydd tud5000 ffermydd
wedi ymaelodi & chynllun Glastir. Bydd hyn yn sicrhau baitl wrthffeithiol gadarn i
werthuso effaith y cynllun
 Cafodd132 A& NFSH&NJ YIS& Sdz NEONAgUOUAZ2 | Qdz K& FF2NJ
ar gyfer arolygon maes
91 Darparwyd rheolaeth ar ansawdd gan syrfewyr annibynnol a groeswiridt¥d o holl
sgwarl dzQNJ . N2t ¢ 3
1 Roedd syrfewyr wedi casglu data drwy ddefnydtkchen ddurol a oedd yn mewnforio, yn
GNRadftgeRR2Y O @y Og¢gof KlFdz RFGFQNIJ.F NRtftg3 &y |
1 Rhoddwyd mesurau bioddiogelwch trwyadl ar waith i ddiogelu rhag clefptimhigion ac
anifeiliaid Holwyd ffermwyr hefyd i weld a oeddent yn gwybod am unrhyw glefydau mewn
LX F yKAIA2Y ySdz 32SR IO yAR 2SRR & &ada&8NFSgeNI &\



al SQNJ I N2t g3 YISa B8GMERKI Y2 I & @ { RFieadidybiibiasty &g N F
J8TFTSN) YySHAR ae&Qy R IERa &R ERaygach gelreilidinyddia iwerthiso

effaith ymyriadau o dan gynlluBlastrR NI & 9f TSy JTCIBASYAA atAKNI NENSRR'dz 2 SRR
9t TSY 6SRAQA owgthuNEvhtadzar pyfeGlastrA g ORZ aTdd t & YIF Syid ey
blaenoriaethau ar gyfer canlyniada ,
Glastr.5 N3 &8 RRSTye&RR
ynghyd & dull integredig o gasglu da
GSRAQA &SAfAZ2 | NJ
arolwg newid dros amser yn 6l y newif
ym  mlaenoriaethau  Llywodraeth
Cymru yn ystod 4 blynedd cyntaf
rhaglen Dewiswyd uned samplu
gyffredin olkm x 1km ar gyfer y ddwy
elfen er mwyn cael uned sampl
@Yl NFSNE ¢ I F&RR
werthuso canlyniadau rhwng lefel
rhywogaeth a lefel y idvedd. Nid
8R&Y 6SRA RSTyeRH : : JENT
FFSNY¥E@RR |3 dzySRIdz 2KSNBERR & OeTaybBgulabiadz || Feé
Archwilir y sgwariaulkm ar sail rhaglen dreigl ac ailymwelir & nhw bélblynedd Mae nifer o

fanteision yndin & hy: (i) defnyddio adnoddau yn y ffordd fwyaf effeithlon, (ii) canfod amrywiadau

o flwyddyn i flwyddyn, (iii) darparu data yn gynnar er mwyn profi a phennu paramedrau modelau fel

bod modd darparu adborth buan i Lywodraeth Cymru, a (iv) sicrhau bod effeijwiaihbwyso a

chydF dzZRRA2y &y OF St Sdz O2Fy2RA 3Ly ylI F@8RRIA Keyy
o adar, planhigion a phridd, yn cael eu cynnal yn yr un (@anlyniadau ym mhenndg)

3.3 Tueddiadau parhaus o ran bioamrywiaetdatblygu dangosydd ar gyfer Tir Ffermio sydd o
Werth Mawr i NaturaOK A LJA 2 RFEGF 2QNJ ddz FEfFy A NI¥3IfSy Daot
I Lyt e@yAlRIFddzZQNI Fft g8 RRey 3Jeydl T

1 Drwy ddadansoddi data o gofnodion biolegol o rywogaethau a gasglwyd yn 6l y cyfle gan y
Ganolfan Cofnodion Biolegol, cafwyd bb@lo blith 18 o grwpiautacsonomig wedi dirywio o
1970ymlaen abod yBgrAL) (i Oa2y2YA 3 48 Qy abh SRRAFHFAASARK dOe
NKeg23l SGKI dz OBFFNBRAY &y 6Stf yI QNJ NKSAYyA |
tebygolrwydd o arsylwi ar rywogaeth rhwi®90a2000.al S Rl RF YA2 RRA 2 QNJ Y
darparu data argyfer adrodd ar nifer o dargedau cenedlaethol a rhyngwladol ar gyfer

OA2F YNBGAFISHIKEZ 2yR @NJdzyA3d RRIFGF F 3S&a3t AN &,
cynnwys sampl ddigon manwiAseswyd ist SG RRS{OK2f 2 NEBg23F SIHIKI dz
oedddh 32y 2 RRFGF | NJ 3F St I Ddetdiyr AdgBcheddNatarBlRA Qdz NJ

Chymunedau Gwledi@006 Roedd hyn yn cynnwys rhywogaethau y credwyd eu bod o
0pgeaArAdINBERR NKey3dgflR2t A 3IIRoNISGKI Koead ¢S
ar Restr Goch Fy@anglUCN (IUCN 2013t fwy na50%o0 Restrau Coch rhanbarthol yr UE

neu ar restrau dibynadwy erailw2 SRR NXKe& g2 3l SGKI dz 6SRAQdz Odyy
cynnwys mwy n@25%2 QA LIK2o6f 23FSGK &y &@NJ !9 ySdz RNBeQl
dirywio 25%neu fwy yn y25 mlynedd diwethaf Hefyd roedd rhywogaethau sydd wedi

dirywio o fwy na50%yng Nghymru yn §5Yf @ Yy SRR RA SO KL Fnda§ RA Qdz O
NESRR NKeg23aF SGKIFdz 6SRAQdz Oeyygea 2a 2SRRI Y
bod eu cvwnpas yn gyfyngedig iawn, yn 6l gwybodaeth a gafwyd gan arbenigwyr tacsonomig



T / 606f KI dzQNJ FSNBAGY Jeydalr ¥ 2
Ddangosydd Rhestr Gwylio ar gyfe™ ™ S oAl metaus orrge. spesfc rsponse vriaies
tueddiadau mewn rhywogaethau ync ';fgg;mua;;i;g;n;d]__,[ 5;:3:;;:;;35,‘,5:]
Nghymru i osaans

1 Cafwyd nifer o gyfarfodydd & egtaion plosin
rhanddeiliaid i drafod y cysyniad o Di e
Ffeemio sydd o Werth Mawr i Natur a  ceaer
sut y gallem ddatblygu dangosydd y
Rhaglen Monitro a GwerthusGlastir
O ganlyniad i hyn, cafwyd nifer ¢
benderfyniadau ar gwmpas y gwaith
thermau a chynigion ar gyfer gwaith yr
y dyfodol Cynullwyd gweithgor bach a§
oedd yn cynnwysCEH, BTO, RSRB
CNCa chytunwyd ar y camau nesa
gan gynnwys coladu setiau data
chynnal profion ar safleoedd adnabyddus, a chwblau dadansoddiad wedyn i ymchwiko i gyd
ddigwyddiad gwasanaethau ecosystemau eraill a chyfalaf naturiol

f Cychy 3¢l AGK A Fftft2a2R RFEGF 2QNJ a3l NARIFdz m1Y
0 bell.

T alS /91 6SRA OeRgSAGKAZ2Z N [fe@@g2RNISGK / &YNUz
setiau data sylfaenol presennol gan wahanol sefydliadau a chyrff llywodraatlyygaawys
CNC, CCGC, Asiantaeth yr Amgylchedd, yr Arolwg Ordnans, NSRI, Cadw, Defra, Intermap ac
SNI Affd DSEtfANI RAAINRTA2QNIyRdesiunol, Rynefinogdd; Rl y &1
Priddoedd; Ardaloedd Dynodedig; Hydroleg; Hanesyddol; Daliadaum;Ff@astir a
| KéeyttdzyAldz . tFSy2NRt ® al SQNJ RI 4ddstunkadgfferd y NX 2
RIFRFY&2RRA @y @& ReF2R2f 03X 2Qdz KeOKgl yS3adz I
Gwlad ac Arolwg BTO o Adar Nythu), maent yn darparu tystiolaetivayegol onewid
parhaol. Un elfen bwysig yn y gwaith ym Mlwyddyn 2 fydd cwrdd & grwpiau cadwraeth
arbenigol i ddod o hyd i ddata ychwanegol ar lefel rhywogaethau er mwyn pennu effeithiau
o fesurau o dan gynllun Glastir.

1 Mae holl setiau data GMEP yn cael@al ar rwydwaith diogel mewn ffolderi cyfrinachol, a
RAY 2yR YAFTSNI oFOK 2 &aidl¥F &y @& Gny 3ge02RS
unrhyw aelod arall o staff weld y setiau data, rhaid iddo gyflwyno cais i reolwyr data a
llofnodi cytundeb trwydded data. Wedyn gellir caniatdu iddo weld data gofodol drwy
ANRBYFI RFEGF 2F2R2f Da9t 0{590X 3y NRBAQNI KI g
gofynnwyd am eu gweld. (Pennod 4)

Vegetation height, bare
ground, plantspecies

Bracken

cover,Viola rivinianacover

Habitatmapping
nd vegetation plots

bordered
Fritillary

invertebrate
surveys

Butterfly counts

Gwahanol dduihu a ddefnyddir gan GMEP i fesur effaith ymyriad:
ar y fritheg berlog

3.4 Data llinell sylfaen newydd ar gyfer allyriadau nwyoth t
gwydr o lasvelltiroedd yng Nghymru ac ar gyfer cyflwr

mawndiroedd
/'yt eyAl RIdzQNJ Ff g8 RRe&y 3Jey gt

Prynwyd dau Ar fflwes symudol i fesur nwyonl t §
gwydr er mwyn cael mesuriadau amser real ar gyl
carbon deuocsid ocsid nitrusa methan t NA y
synwyryddion tirwedd ¥ & SNJ NB I f S NJ B
DU (dim ond un synhwyrydd\,O arall sydd yn y DJ :‘

Iy KR & 3J68RR2YZ YAR 2008 agQy O
tri synhwyrydd mewn un system symudol e
T .,y 23eaidlt N KeayI NEBERe@ Y NN J adyge

Enghraifft o fapio mawn noeth gaBiGS
RN¥& Reyydz tfdzya
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ary cyd a synwyryddion newigd | NI 2Sa2f aeQy VYSadzaNJ tf SAGKRSN

fod lleithder mewn pridd yn ffactor mor bwysig o ran sbarduno fflycsau nwyampydr.

al SQNJ K2t f 32 ¥aaNLd NNIGSRRA QA& oyWERR/Iddz || NB SAY A2t K

cyfarpar arbenigolhylt RS OKNBdzg @ R O2YAadAedydz O AYy-GSIANBAF

ISNDPER aeévYdRR2f AQ¢ REWEYERRAZ2 &y @& YISa &y 90l
1 Mae metigau newydd i fonitro mawn yn cael eu datblygu, gan gynnwys dulliau synhwyro o

bell i fesur erydiad mawn a dulliau isotopigRydym wedi prosesu delweddau radar o

arwynebedd 04460knt yng ngogledd Cymru a oedd yn cynnwys gorgorsydd yn yr ucheldir

ar gyfery cyfnod rhwng1993 a 2000. Dangoswyd ei bod yn bosibl canfod a mapio

symudiadau tir bach ym mhridd mawnogydd yr ucheldir er mwyn darganfod tueddiadau

tymor byr a thymor hir ' Af RRdzZf | RRSTY&2RRAGER 2SRR RI

ddangos arwynebeda 0.63knf o fawn noeth o arwynebedd cyfan o bridd organig o

473knt; mae hyn yn cyfateb0.13%2 QNJ | N3 ey S6 SRR OeaF NI e @ NIFR azfyf A |

Keys> @y3dIKeR N RdAf Aaz2d2LRA3 ySgeRR ae&Qy RST

pennu dull gwrthrybol a gwell o asesu effaith ymyriadau o dan gynlkiastirar gyflwr

mawn

Am nad oeslatadigonol ar gael na chonsensws gwyddonol ynghylch lefelau presennol yr allyriadau

o nwyon 1 gwydr o laswelltiroedd yng Nghymrmae ansicrwydd o hyd ynghylch pa laswelltiroedd

aeQy aid2NR2 ySdzQy NKERBRAKRERRANNE2 i eINNIIK&EF{ 5 OaNBER
gynllunGlastirtr G KANJ Yy R @6QYy NXKI Yy 2rhedyi®gadarn & Nedy natdt T Sy
pwysig hwn o ddefnydd tir yng NghymiRhagwelir y bydd y data a gaiff eu casglu drwy fonitro drwy
raglenGMEPe Y NX2A RSFffOGoNAISGK St 2 fF6SNI A YA
ddylunio polisi er mwyn llinddz SFFSAGKAl dzQNJ yS6AR &y @&NJ KAyal gR
ddatblygu dulliau a data gwell ar gy®efnydd TirNewid Defnydd Tit QNJ wK SaliGWwydo 6 &8 2y ¢
Coedwigaeth al SQNJ aSTeftft ¥ Qy RSo6eé3 2 Nry YISYRANRBSR
GNIKNEBOK2f | NJ 3@8FSNJ I 4aSadzQNJ { dzS R R fell tiagewciNgS a Sy y 2
carbon y maent yn ei storjoFelly bydd anawsterau ynghylch mesffeithiau o ymyriadau o dan
gynllunGlastirz & y I RRSTY&@RRANJI (S.qregndd3)S 3t dz ySG&RR 2QNJ Fli

3.5Coetiroedd
[ FyteyAlRIdzZQN) Ff g8 RRey 3Jeyial ¥

M /dbGdzys@R |N oNRG20O2tl dz YIFS&asz | Qdz NK2A I NJ
rhywogaethau coetiroedd ynsgwariau arolwgGMEP Mae hyn yn cynnwys mapio
cynefinoedd coetir, y prif rywogaethau, gwybodaeth reoli, defnydd tir, plotiau llystyfiant
mewn llecynnau bach a mawr yn y coetir ac ar hyd nodweddion llinol coediog, a chofnodi
adar a phryfed peillio

9 Casgludata esboniadol i ddadansoddi newidiadau ym maint a chyflwr coetiroedd ac

effeithiau ar newidynna$ NI At £ ae&Qy RlIy32a &YlILGSo 2 NIy &N

Mapio ymyriadawGlastirar sail mesuriadaGMEPa Chynllun Coetiroedd Cymru.

5S¥ y & R Riddel Qymbhwmo [ ragolygon o effeithia2 o ragnodiadauGlastirar gyfer

O2SGANRBSRR 6&d8RR ¢6SRAQdz RAAZINATFAZ2 2 RIY 00AD

1 Ymchwilio i fetrigau ar gyfer cysylltedd cynefinoedd er mwyn datblygu dulliau o asesu
effeithiau mesurau o dan gynllun Glastirgysylltedd cynefinoedd mewn coetiroedd

= =

Cyhoeddwyd strategaeth Llywodraeth Cyn#u2 S (i A N2 S R 2001 OIBAY NRIZQ@BA A 2 &y
al SQy KeNBeRR2 RdzZ fAldz 2 RRefdzyAz2 | NKS2ftA O02Si
wasanaethau ecosystemaDatblygwyd set 23 o ddangosyddion i fesur cynnydd tuag at gyrraedd

yr200F yt @y Al R fSFSt dzOKStf a@RR 6 SRA Qdz aR ASACANRANEKAI2A YR
@y Oeyygeada YSadzaNI dz a8Qy @YgySdzR N OKe NKefdRRAI R
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flfermetc)l QNJ YSHARYRF RREFlUK Oy STAy, aAdiRuRynblisdy oNgole g 2 31 S
coetir, cydbwyseddcarbon, iechyd coed buddion lleol o goetiroeddhygyrchedd gwerth pren a

rheoli AN al SQNJ NKIF Ay &y Og YL} adkthaboy Ndogomaidd ek 2 F
amgylcheddal. 8 RR YAFSNJ 2QNJ I 3 SRRI dz K@MEPagfydd hefyjdSh Sdz R
mesur effeithiau o ymyriadaGlastira y 3I@ FNI yydz G &NJ I a SBwiddR SKI y 3
cydweithio & Cyfoeth Naturiol Cymru yMiwyddyn2 A 3@ &2y A RGMEPAQsth &K | 3t Sy

goedwigaeth a choetiroedd o ffynonellau eraiPennod?)

odc 9FFSAGKAIdz F NJ RANPSRR /&@YNHz  QNJ F Y3deat OKSRR K
/FyteyAl Rl dzQNJ Tt g8 RRey 3Jaydl T

f Adeiladu setiau dat8DY | y gt | NJ 3 & B0Sdwariiarod eday 20@NIJy gea (2 LJ
GANVSRRIFdz I Yy2R6SRRA2Y GANBSRR | NJ NI@RTI FI C
coed mawrterfynau fel gwrychoeddadeiladay coetiroedd.

1 Adeiladu setiau dat&Dar fanylder cbm ar gyfer arwynebed@ x 3kmogs YLJ- & LJ2 06 dzy 2
60 sgwarl km.

1 Canfod y rhwydwaith Hawliau Tramwy cyfan ar gyfer gwahanol fathau o ddefnyddwyr
(cerddwyr, beicwyr, marchogion cerbydau bachcerbydau mawyl NJ 3 & F SNJ6QJ2 6  dzy
sgwat

/2t Rdz O2Fy 2R 3¢ 60ts@vard funiaz o bivgnd peramyol azdghidyd yn
ystod yr arolwg maegl6ym mhob sgwdr

1 Adeiladu golygfeyd8DY I ygf | NJ al At €eNJ | | ¢f A6Dsddle @siitlior g e | NJ

lkn.we@ ReY KSFeR 6SRA O2RA2QNJ Rdz £ Al tkm&th3 & FNR ¥ 3

edrych allan ar yr arwynebedd ®»x 3kmo gwmpasyn ogystal & chyfraniad y safle astudio

1IkmA QNJ 2t @ 3FIF 2QNJ RANB SRR ¢ 3fizKmo §idripdsKide hyn Y S gy

8y FTF2NRR 2 FS&dzNJ LI Y2N) 6SftlRge& @6QN) RANBSRI

Canfod holl nodwedion yr amgylchedd hanesyddol ar gyfes0sgwar

al'S RdzZ t 2 | adSadz OeFtoN) Y2ROSRRA2Y ,&baf Sa&8 RR2

nodiadau maes a ddarparwyd gan yr ymddiriedolaethau archeal&yald hyn yn rhoi set
newydd, amserol a phwysig o alé arolwg am gyflwr safleoedd hanesyddol
f Datblygu Mynegai Ansawdd GweleddQl)dzy A ANE 6 A FSadzNJ IgSNIK (.
sgwariaulkm.a I SQy Oeéyy g e a Llopogdifi(@adnor atwt If YWNGERARRXE & 6 QI
tirffurf0 Tgofodl glag nodweddion dr yn y dirwedd Tgofodl gwyrdd anrywiaeth
cynefinoedd cymhlethdod llystyfiant anthropogery (elfennau adeilediy hanesyddol/
diwylliannol(gan gynnwys presenoldeb Henebion Rhestred)y

f 5STY@RRANJ L1206 dzy 2 QNJ dzOK HRstirkr adsdvOKaghgiréhedd A ST F
y dirwedd

al'S YyATSNI 2QNJ YSadzSlhsty & & Bl SYKGGasti@MINYn Ofteithib ar dzy

lyalrgRR 3JIgStSR2f & RANBSRR ¢t SRAT | QNJ y2RHSRRA

cyhoedd Byddwn yn y@KgAf A2 AQNJ STFFHAGK K2y 3IlFy | aS5SadzQNJ

OKI yF@RRALIIR 2 QNJ RA B#Bi&liR &nnél YweithdaeddauR/éhyanegol i fesur y

buddion cymdeithasol ac economaidd ehangacBlastirCymdeithasoym Miwyddyn2 yn bennaf

Ymhlith y gweithgareddau byddOlF Yy F@RRAIFT R FTFSN¥gEeN] 2QNJ St FSy ¢

cymdeithasol ac economaidd ehangach o Grant Effeithiolrv@idgtira GlastirCoetir. (Pennodb)

= =4

4. Gwaith allanol ac adroddiad y flwyddyn gyntaf

Cafwyd llawer math o wditallanol gan gysylltu & thi0 o sefydliadau yng Nghymrynghyd & nifer
2 aSTeRft Al RI dzQNJ. Mag hyh webikyhriwysNK e y 3 gf | R2 f
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§ 2 gyfarfod & rhanddeiliaid a chyfarfod rhwng yAgr llywio a chynrychiolwytlywodraeth
Cymry CNCNFU, CADW, CLA, CofafRNPB.

T .2R @y oNBaSyyz2ft | ONAFTFTA2 YSgy OeTFTLREFR RERR
i drafod dulliau mesur dichonol a gwerth y dull Gwerth Mawr i Na¥r Cymrui gyflwyno
prosiect GMEPR sefydliadau gan gynnwys yr Ymddiriedolaeth Camlesi ac Aforifddydd
Cymry Cyswilit Amgylchedd Cymma Gymdeithas Cadwraeth For®latural England?arciau
Cenedlaethol CymguCanolfan Ymchwil Amgylcheddol Cymimddiriedolathau Natur
Cymry/ | Ré OK D& Y n8mngor Bdfngdidvazd Cymru.

T /@8yKIRf SRR /@YRSAGKIA . A2fS3IgeN) /eYKgeazt A
ymarferwyr gwyddoniaeth a pholisi ym maes ymchwil amasatigylcheddal

1 Ysgrifennwyd erthyglau ar gyfer cylchgralrarming Walegr NFU) a chyhoeddwyd papur ar
y fethodoleg gyffredinol y\spects of Applied Biology 118, 2013.

alS FTRNPRRAIR @& TFtgeRRey 3Jeyildl T ¢ SCRMIGAO RNBSFQVHz |
canolbwyntio ar y canlyniadauymyriadau penodol o dan gynli@lastrda @ RR ¢ SRwkel@2dz NX I 3
drwy fodelu

5. Cynlluniau ar gyfer Blwyddy@

Mae cynlluniau ar gyfer Blwyddyhg SRA Qdz LJ NI} 2A SA a2 Sgosgwaridly & O
1kmyn cael eu harchwilio rhwng Ebrill a M@fi14,defnyddir y tyrau fflwcs i fesur nwyomn gwydr,
rhoddir prawf ar y dull o fesur ansawdd gweledol tirwedd, ceir mwy o waith modelu, a mwy o

eyvydeaefftiddz N OKeNFT lyffeg2RNISGK2f | aSFTFeRftAIR
sydd ar gael am rywogaethau a choetiroedd. Bwriedy ¢yl f OdF¥NBa 2 FINepfedzy
buddion economaideB @ YRS A G KI & 2 f SKIFy3lFOK I QNJ OGlas#rd¥y 3Al Rl d

cwestiynau penodol a ofynnir yw
T . SGK & ¢ QNJ 6 dzR-Byindeithassl@gaygach b Grantau Effeithiolrwydd Glastir

f . SOUK O84@NJAAl RIdz LINBaSyy2ft aeqQy STFFSAOGKAZ | NJ
Glastir?
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Executive Summary

1. Introduction to the Glastir Monitoring and Evaluation Programme and team

The Welsh Government has commissioned a comprehensive new GlastioManand Evaluation
Programme (GMEP) to monitor the effects of Glastir, its new land management scheme, and
potentially contribute to themonitoring of progress towards a range of national and international
biodiversity and environmental target3his fufils a commitment by the Welsh Government to

establish a monitoring programme concurrently with therlah of the Glastir scheme. ik a major
development from past monitoring programmes which have only reported after schemes have been
closed. The projecwill also ensure compliance with the rigorous requirements of the European
Commission Common Monitoring and Evaluation Framework (CMEF) for the Rural Development Plan
w5t 0 F2NJ 2+ fSa gAGKAY 2yS 2F Ala F2dzNJangSe& | NB
| 2 dzy (i NHRele&l$ indings from GMEP willovide fast feedback to inform negotiations for

the next phase of the RDP. The data, models and tools collected and developed within GMEP will
Ffa2 KSEtLI AyT2NY 7Tdzidz2NB t86 Inyayolnedd way To ehskré &t Q y I
development of a green economy and the aspoas of the Environment BillThe current two year

programme will be extended by a further two years subject to successful completion of the first two

year deliverables.

The GMEP team compromises a mix of organisations with different specialisations covering the
different schemes activities, objectives and outcomes. The programme is led by the Natural
OYDPBANRYYSY(d wSaShkNOK [/ 2dzyOAf aQ /nyepeddent publidd 9 O2 f 2
researchbody. The project consortium includes ADAS, APEM, Bangor University, Biomathematics

and Statistics Scotland, Bowburn Consultants, British Geological Survey, British Trust for Ornithology,
Butterfly Conservation, ECORYS, Edwdadssultants, Freshwater Habitats Trust, St Andrews
University, Staffordshire University, University of Aberdeen, University of SouthangstdrV/ictoria

University of Wellington, New Zealand

2. The GMEP approach
A major part of the programme involvesdalling annual survey across Wales using an ecosystem
approach. Measurements include a range of soil and water quality metrics, landscape features,
plant and freshwater diversity, condition assessment of historic feattnes,pollinatorand four

bird suveys; all mapped t&lastirintervention measures and

the five high level outcomes as prescribedihy Welsh

Government Work to look at past data on impacts of agri
environment schemes and eggoing trendds central to the i
LINE 3N YYSQa R ladtivities: Bxa&nplEs@inwri&ry O
data and evidence iltsation include; historic data held by
Biological Record CentrBritish Trust for Ornithologgnd
Centre for Ecology & & R NB CaudErgsidéSurvey. The
utilization of wider evidence and data will egufice the power
of evaluation and also provide a long term historic backdrop.
More workshops will be held with a range of specialist
monitoring organisations and Natural Resources Wialg®ar 2
to ensure full use of data and evidence captured through wides
past and current monitoring programmes.

To our knowledge, this will constitute the largest and most if
depth ecosystem monitoring and evaluation programme of

Member Stateand Managing Authoritywithin the European
Union. Many novel elements incletl are: an ecosystem
approach to enable robust analysis of traddfs and ce E .
benefits;a rolling monitoring programme rumng parallel to thescheme to prowde fast feedback
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major contribution from modellingincorporation of scial and economic analysiapplication of
new methodssuch as molecular technique for soil biodiversity, satellite data for peattandition
monitoring and mobile flux towers for measuring greenhouse gashsse will all helpo increase
efficiency, improve data quality andelp ensurethe breadth of Glastir impacts orthe Welsh
landscapefarmers and wider society are reported

Major achievements by the GMEP team in its inception year Sept @81@ust 2013 are presented
in this report with key T year results outlined bels. An expanded introduction to GMEP is
presented in Chapter 1.

3. Year 1 results and observations
3.1 Modelling work to explore future outcomes from Glastir
1% year results:

1 Parameterisation ofour models to cover the impacts of scheme intervention si@@s on
diffuse pollution, habitat connectivity, carbon stocks and sequestration, plant diversity and
erosion and their tradeffs and synergies.

Six contrasting intervention measures have been investigated which cover both
WOoNRBFR YR agpft ¢ RtR Bigneaithy. THéedewerap-input
permanent pasture (AWEL5), streamside corridor planting (AWES9b), grazing
management open country (AWE41a), woodland edge expansion (AWE 24), bracken
control (AWE 44) and retain winter stubble (AWE 28).

Three scenarios of low, medium and high uptake were explored and assumed
maximum implementation of the relevamptions of participating farmge. across

all relevant land on a farmwhich it should be noted is likely to significantly
overestimate outcores. No data was available at the time regarding amount of
land included in agreementsAlso, no assessment opotential emission
displacement to other countries has been accounted for.

I Results include:

Individual Glastir prescriptions that result in eduction in farm inputs and overall
stock numbers on farm habitat areas (i.e. AWE 9b, AWE 28, AWE 41a, AWE 24)
generally delivered small (<1%) national reductions in both eutrophying and climate
forcing pollutant emissions. 15 High : Percent Reduction i Tota Niteate Loss
This contrasts with site leveésults of up to 80% tha
can be achieved. Anticipate@lastir participation levels
and suitable land available for interventions combine f
limit nationatscale outcomes. For example, loc:
pollutant reductions were several times greater withi
Priority Gitchments that have large areas of relevar
land and are targeted for scheme enrolment. As the:
catchments are not higher than national average tf
overall effect on national results is small.
Reductions in national nitrate leaching, nitrous oxic
and methane emissions of 5 to 10% were also achiev ,
by with-holding nitrogen fertiliser and reducing stockin ADAS WDEMF modelled
rate on the larger improved grassland area (AW15). ~ Ppercent reduction in nitrate
The water quality result from the two models whic >Y*38A2ya da/R

i K L. i . scheme participation scenario
modelled diffuse pollution were similar in thefindings ¢, | 06 27 o
adding to our confidence in the results. thaddNB b2 LyL
Change in the overall carbon footprint (which includs
embedded greenhouse gas emissions) for specific farms could be as high.as 24%
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I The two woodland options (woodland edge expansion and streamsidedoor
LX FyGAy3o SIOK AyONBFraSR I 0O0SaaraoftsS fFyR
12%, reduced the potential reduction in flood generating land by 1 to 9%, increased
national carbon storage by ca. 0.4%, reduced eroded soil and phosphorusydbijver
up to 15% due to reduced connectivity of erodible land to rizerd lakes.

I Positive changes in habitat suitability was projected for 75% of the 21 plant species
modelled with significant progress towards target habitat suitability scores within
10-23 years of uptake of options.

This use of models is a highly novel component of GMEP. Their value is in exploring what changes we
may expect from Glastir interventions according to our current knowledge, and in what timescale as
the lag time on the grouh can be significant. Models are also being used to assesddmandasure
changes such as greenhouse gas emissions and upscale or interpretation of field survey findings such
as water quality within the wider landscape/catchment. Critically, to ensurgemtifically rigorous
approach models also provide a hypothesis framework based on our best available scientific
understanding against which to test data as it emerges from the field survey. In summary, the initial
model scenario work identified:

1 The rdative modest benefits of some interventions whe
viewed at a national scale which contrasts which lar
benefits at a sitescale

9 The critical importance of where interventions wheré
placed in the landscape

1 The potential cebenefits of interventions suclas tree
planting if suitably placed for biodiversity, water qualit
and carbon are also clear from these model outputs.

1 The long term nature of the outcomes particularly for
biodiversity should be noted. This suggests there may bgh
requirement for longerm commitment to interventions if |t
the outcomes are to be fully realised.

to Glastir.

Eib it

Finaly, it should be noted the model outcomes depend on a range of assumptions of uptake and
implementation.It is expected that the results presented are a large eesgimate of impact where
there are barriers to implementation of an option, such as a Iédgga@ductivity resulting from with
holding fertiliser applications or conversion of pasture to woodlaiithe development and
construction of these highly complex models will allow further simulations exploring the potential of
new interventions for futureprogrammes including the data from o##armPractice Survey which

will better inform how farmers actually deliver interventions on the grousmti more detailed
information on agreements from Welsh GovernmeResults are presented in chapter 2 and 5.

3.2 The field survey
1* year results:

9 Statistically robust and flexible nationwide survey designed, based on rolling programme and
sampling unit chosen to include a the Wider Wales Component (WWC) used for baseline
estimation, national trends and nationaéporting of Glastir, and a Targeted Component
(TC), which specifically links to the priority areas and aims of the Glastir scheme.
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1 The first year of survey was completed successfully. 60 1km squares were surveyed for a
wide range of ecosystem propertiéscluding birds and pollinators, soils and headwater
streams, historic features and footpath condition, hedgerows and woodlands. Examples of
the scale of the survey include:

T 1726 botanical plots surveyed

T 1500 soil samples taken from 300 plots coincideith permanent botanical survey
using methods appropriate for physical, microbial, chemical, carbon and
invertebrate analysis.

T 2043 point features identified and assessed

T 4 separate surveys of birds (Agriluly)

T 2 separate surveys walking a 120km m@inisect to count butterfly species, bee and
hover groups plus timed searches within 90G0m

T 790 km of linear features (hedgerows, stream banks. etc)

T Frst survey of its kind to simultaneously monitor freshwater invertebrates, diatoms
(streams only), macghytes, physical habitat, water chemistry, in both ponds and
streams

i 47 historic features assessed for their condition

T 960 landscape photos taken

1 Landowners granted access to 82% (scheme and none scheme holdings) of the total land
area within the 60 1knsquares. Iryears 24 the number of squares will be scaled up to 90
squares per year to create a total sample are of 3301y year 4 the relative split between
scheme and none scheme holdings within this sample area will be approximately 50 / 50
with the expected uptake of Glastir oh. 4500 individual farms whighthis will ensure a
robust counterfactual against which to evaluate scheme impact.

1 13 field surveyors were successfully recruited and trained ashdke field survey software
was developed.

9 Quality control was carried out by independent surveyors who echesked 12% of all
survey squares.

9 Surveyors collected data using a ruggedized tablet which automated the import, transfer,
backup, and completion of survey data

9 Full biesecurity meaures were put in place to cover both plant and animal diseases.
Farmers were also asked if thevaere any known plant or tree diseases and surveyors
avoided these infected areas.

The field survey sits at the heart of the GMEP programme. The aim isvm@rthe main evidence

base for ongoing change in the countryside (a Wider Wales Component) against which the impact of
Glastir interventions can be evaluated using a Targeted Component (TC). The Targeted Component
sample areasvere selected according tthe points structure for the Advanced element of Glastir

and therefore reflect the priorities for
Glastir outcomes. This approac
combined with an integrated
ecosystem approach to data collectio
means the survey is flexible over tim¢
as the Welsh Governmgell Qa  LJ
changeover the first 4 years of the
programme A common sampling unit
of 1km x 1km squarevas selected for
both components to ensure a practica
sampling unit which would allow
outcomes from species to landscape t
be evaluated. We have hoaken a
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paired farmunit approach due to the limitations, including redundancy and biases that can result.
The 1knsquares are surveyed on a rolling programme with squaressited every 4 years. This has
several advantages including; (i) maximisifficent use of resources, (ii) capturingearto-year
variation, (iii) providingearly data to test and parameterise models such that early feedback to the
Welsh Governmentan be provided, and (iv) ensuritrgde-offs and cabenefits are captured which
would be missed if e.g. separate bird, plant and soil surveys were Hotated (Results chapter 3)

3.3 Ongoing trends ibiodiversity, development of ddigh Nature Value Farmland indicator and
capture of nonRGMEP data
First year results:

1 Analysis ofopportunistic biological recording species data held by the Biological Records
Centre identifiedl0 out of 18 taxonomic groups were declining from 1970 onwards with the
remaining 8 taxonomic groups increasing. Common species afgeoiarming rare species
in terms of the change in the probability of observing a species between 1990 and 2000. This
type of analysis provides data for reporting against a range of national and international
biodiversity targetsbut data are limited to those where volunteer reading provides
sufficient indepth coverage The assessment was carried out on a select subset of priority
species where data was sufficientlisted under the Natural Environment & Rural
Communities Act 2006; included species that were considered to b&tefnational
importance to conservationi,e. Listedas threatened on the IUCN Global Red List (IUCN
2013), on greater than 50% of the regional EU Red Lists or listed as threatened in other
reliable sources. Species were included if Wales containeatagréhan 25% of its EU or
Global population and that the population has declined by 25% or more in the last 25 years.
In addition, species that have shown greater than 50% declines in Wales in the last 25 years
were included. Finally, species were imgd if they had exceptional threat circumstances,
such as a very restricted range size, as verified by taxonomic experts.

1 Completion of a first version of a

Target objective: Glastir measures GMEP survey data that Target and measure-

Watch List Indicator for species trend: Captres measure ortarget specific response variables
in Wales. “““H e o ]

§ There have been a number of meeting S
with staleholders to discuss the
concept of HNV and how we migh
develop an indicator in the Glastit craer — A . e
Monitoring and Evaluation Programme
resulting in some decisions in scop
and terminology and proposals for
future work. A small working group (==
involving CEH, BTO,FSand NRW was %
convened and agreecdhext steps to W
develop a way forward including
collation of datasets and testing a  Different methods to be used by GMEP to quantify the impact c
well known sites, to be followed b) interventions on the peatiordered fritillary
analysis to explore coincidence of
other ecosystem services and natural capital.

1 Initiation of work b extrapolate outside of 1km squares using both BRC data and remote
sensing approaches

1 CEH have worked with the Welsh Government to license and obtain a range of > 50 existing
primary datasets from various organisations and government bodies such asQ@RW, ,EA,
Ordnance Survey, NSRI, Cadw, Defra, Intermap and more. This data can broadly be described
under the following 8 headingLontextual ; Habitats; Soils; Designated Areas; Hydrology;
Historic; Farm Holdings; Glastir and Past Schemes and provideadié¢d context to future

lllllllll

bordered
Fritillary

invertebrate
surveys

Butterfly counts
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analysis and when added to data contained within the GMEP team (e.g. Countryside Survey
and the BTO Breeding BiUrvey provide additional evidence of ongoing changemajor
St SYSyid 2F | SN HQ& ¢ 2 Ng comsdnfation groBps to 2den¥fs S (i
further species level data which can help identify impacts of Glastir measures.

1 All GMEP datasets are held on secure network within confidential folders, with access only
permitted for a limited number of staff from thenformatics team. Any othestaff that
require access to datasets must submit requests to data managers and sign a data license
agreement. Spatial data access can then be granted through the GMEP spatial database
(SDE), with each user permitted readly access to the specific datasets requested.

(Chapter 4)

odn bSg olaStAyS RFEGF FT2NJ ANBSyK2dzaS 3AlLa SYAa
condition
First year results:

' Two mobile greenhouse gas flux towers have beps
purchased to undertake redime carbon dioxide, ke
nitrous oxide and methane measurements. There aj 5
few such reatime landscape sensors in the UK (noifs
only one other NO sensor exists in the UK) and nor S8
to our knowledge which combine all three sensors §
a mobile system.

1 In addition we are deploying the sensors with
innovative new landscape soil moisture sensors as ¢
moisture is such an important driver of soi#Es
greenhouse gas flux. All kit has been purchased (n 4
the long lead times for these specialised piece of ki
plus start ofthe commissioning and integration of the &
kit within the mobile trailer systems for deployment il Example of bare peat mapping by BGS usi
the field April 2014 aerial photography

T New metrics for monitoring peat are unde:
development including remote sensing approaches for peat erosion and isotopic
approaches. Wéave processedadar images covering an area of 4466lafinorth Wales
which encompassed large areas of upland blanket peat for the period between 1993 and
2000. We showed that it is possible to detect and map small ground movements in areas of
upland peatsoil which can be analysed to detect short and lewgn trends. A second
approach classified aeriphotographs identifying.63knf as bare peat from a total organic
soil areal extent of 473kfthis is equivalent to 0.13% of the total area of peat assel.
Together with a new isotopic and vegetation proxy approach, the aim is to identify an
improved and objective approach to assess Glastir interventions on peat condition.

Due to insufficient data and the absence of a scientific consensus on cusxetsé lof greenhouse

gas emissions from Welsh grasslands, there remains uncertainty surrounding which grasslands are
currently storing or releasing carbon. The mobile flux towers will be deployed on both Glastir and
non-Glastir land in order to establishrabust new evidence base for this important land use type in
Wales. It is expected that the monitoring data captured through the GMEP will greatly improve our
understanding of scheme intervention and effective policy design to mitigate climate changeliand w
also help in the development of improved methods and data for the Land Use, Land Use Change and
Forestry Greenhouse Gas Inventory. A similar situation is present for peatlands where there is no
objective empirical methodology for assessing the curteshd in peatland condition (and thus the
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security of the carbon it stores). Quantifying the impact of Glastir interventions is therefore
problematic without this exploitation of new technologie€hapter 3)

3.5 Woodlands
First year results:

9 Field protaols have been agreed and implemented for recording of woodland habitats and
species in GMEP survey squares which includes mapping of woodland habitat, dominant
species, management information, land use, vegetation plots in small and large woodland
patchesand along woody linear features and bird and pollinator recording.

1 Assembly of explanatory data to analyse changes in woodland extent and condition and

impacts on other environmental and biodiversity response variables.

Mapping of Glastir interventions t6MEP measurements and Woodland Plan for Wales

Application of the 3 models to explore forecasting of the effects of 2 woodland Glastir

prescriptins (described under 3(i) above).

1 Explored habitat connectivity metrics to develop methods for assessingcisod Glastir
measures on connectivity of woodland habitats.

= =4

¢tKS 2SftakK D2@SNYyYSyid adGaN)yaGS3ae wW222RfFyRa&a F2NJ 2|
It promotes the design and management of woodlands to provide a wide and balanced range of
ecosysten services. A set of 23 indicators have been developed to measure progress towards
FOKASGAY3a (GKS wn KAIK fS@St 2dzid02YSa 2dzit AYSR A\
measures on extent, area of woodland of different types (urban, faten and how that is changing,

habitat diversity and species, sustainability of woodland management, carbon balance, tree health,

local benefits of woodland, accessibility, value of wood and water management; spanning the range

of social, economic and envirorental benefits. Many of these aspects will be captured in the GMEP

survey in addition to quantifying impact of Glastir interventions thus contributing to the wider
assessment of the strategy. Joint working with National Resources Wales is planned f@rt¥ear

align data from GMEP with other sources of forestry and woodland d&thapter 7)

3.6 Impacts on the Welsh landscape and historic environment

First year results:

f The construction of detailed 3D datasets for all 60 1kauares which take into acant
both landscape topography and smatlale landscape features which constrain the visibility
of the landscape (e.g. significant trees, boundaries such as hedgerows, buildings,
woodlands).

9 The construction of 3D datasets at 5m resolution for a 3 x 3l@a aurrounding each of the
60 1 km squares.

1 The extraction of a complete Public Rights of Way (PROW) network for different classes of
user (walker, cyclist, horsader, small vehicle, large vehicle) for all 60 squares.

1 The collation of a visual record @l 60 squares from both fixed point photography
completed during the field survey (16 per square)

f The construction of detailed 3D viewsheds based on the PROW for all 6Gtiiiy sites. In
addition, we have also coded the methods to calculate the viegs from each 1km study
site looking out to the surrounding 3 x 3km, as well as the contribution that the 1km study
site makes to the landscape view looking in from the surrounding 3 x 3km area. This is a
jdzZ YGATFTALFOES YSI &dzNB thisTandscapg is to hd germkatalfpdbkc. | OO0S & a |

9 The extraction of all historic environment features for the 60 squares.
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1 An assessment of historic feature condition has been successfully incorporated into the field
survey, building on field notes provided by thesl@aeological trusts. This will yield a timely
FYR &A3IYAFAOIY(d ySg asSi 2F adz2NBSe RIGF |6 2dzi
1 The development of a unique Visual Quality Index (VQI) to quantify the landscape value of
each 1km square. This includes five key comptsigopography (how rugged / varied the
f I YRF2NY -AALA OB ¢ d ®f6dz8 SNI FSI (dzNB 33 LKk YVS 4 KD KIf & AiF
diversity, vegetation complexity); anthropogenic (built components); historic / cultural
(including presence of Scheduled Anciktdnumentsetc).
1 All of above will be used to explore the impact of Glastir interventions on landscape quality
and accessibility.
Many of the measures embedded in both the Glastir Entry and Glastir Advanced scheme have
impacts on both the visual quality tfe rural landscape and the historic features it contains and its
accessibility by the public. We will be exploring the impact including assessing the link between
ecological quality and landscape perception in YeafAditional activities to quantify & wider
social and economic benefits Glastir Social are planned primarily for Year 2. Activities will include;
farmer perception of the Commons element, the wider social and economic values &lasér
EfficiencyGrantand Glastirwoodland (Chapter 6)

4. Outreach and first year report

A wide range of outreach has been undertaken to ca. 20 organisations in Wales, plus many UK and
international organisations. This has included:

1 2 stakeholder meetings and a steering group meeting with representatives\W&anNRW,
NFU, CADW, CLA, Confor and RSPB.

9 Attendance and briefings at eetings organised by other organisations; RSPB to discuss
potential metrics and value of the High Nature Value approack;, Oymru to introduce
organisations including: Canal & RivBrust, Afonydd CymruWales Environment Link,
Marine Conservation Society, Natural England, National Parks Wales, Wales Environmental
Research Hub, Wildlife Trusts Wales, Keep Wales Tidy and Consumer Council for Water
Wales to the GMEP project

9 An Assocition of Applied Biologistsonference to present the project to a wide range of
science and policy practitioners in the field of agmvironment research.

9 Articles have been written fdr C | Fardning Walesagazine and a paper published on the
overall methodology inAspects of Applied Biology 118, 2013.

This first year report is structured to report against the five outcomes of Glastir, with a particular
focus on the projected modelled outcomes of selected Glastir interventions.

5. Plans for Year 2

Pans for Year 2 are already in hand with 90 1&guares due to be surveyed from April to
September 2014, deployment of the greenhouse gas flux towesding of the visual landscape
quality approach,further modelling activity, and greater engagement withGOs and other

organisations to make best use of all avialidaspecies and woodlamgdata. A series of surveys are
also planned to identify the wider soe@onomicbenefits and uptake constraints of the Glastir
scheme. Specific questions being asked are:

1 What are the wider socieconomic benefits of the Glastir Efficiency Grants?
1 What are the current constraints which influence the uptake of the Glastir Woodland
grants?
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/| NEY2RS0 2QNJ ! RNRRRAI R

Cyflwyno Rhaglen Monitro a GwerthusBlastirt QA 1 Kn Y

Mae Llywodraeth Cymru wedi comisiynu Rhaglen Monitro a Gwerth@tstir (GMEPhewydd

gynhwysfawr i fonitro effeithiau cynllu@lastir,ei chynllun rheoli tir newyddac i gyfrannu, os bydd

modd, at fonitro cynnydd tuag at gyrraedd nifer o dargedau cenedt@deth rhyngwladol ar
FTAZ2EYNEBGAI SUK. MadINh yn Yewlawhi farnriad Llywodraeth Cymru i sefydiu

rhaglen fonitro i gyeredeg & lansio canIuﬁ;Iastlr al SQy 3AFrY YIgN eYfl Sy 2 N
ofF Sy2NRrf &d@8RR 6SRA Oe¥F tcymlmryfaﬁ ddScUzbefﬁByd?iN\R)rBsRﬁt Rl dz 6 S
AAONKI dz OBREYFFAINFAIFISGIK KSTER NQNJ JI2FeyAizy &YS
Cyffredin(CMEFYy Comisiwn Ewropeaidd ar gyfer y Cynllun Datblygu Gw{&ddg} i Gymru yn un

2QNJ LISRg I NI Y &nr ynl HcHeld) SR d€R Hamgylchedd a Chefn GwdadBydd y
canfyddiadau cynnar GMEPyn darparu adborth buan ar gyfer negodiadau ynghylch cam nesaf y
CDGBydd ydata,8 Y2 RSf | dz I QNJ 2 F FSNJ | QMERYR eyfrafirdehe®ytl @ 3t dz | ¢
gyrlunio adnoddau naturiol Cymru mewn ffordd gydgysylitiedig yn y dyfedainwyn datblygu

economi werdd a gwireddu dyheadau Bil yr AmgylcheBgdd y rhaglen ddwy flynedd bresennol yn

OFrSt SA KevySadey 'Y RRge FfeySRR yneddigyntayyg32f 2 2
llwyddiannus

Mae tim GMEPyn cynnwys amrywiaeth o sefydliadau sydd ag arbenigaethau gwahanol ar gyfer
gweithgareddau, amcanion a chanlyniadau amrywiol y cynbuh SQNJ NK I 3f Sy @&y OIF St
DFy2ftFly 902t S3 Icael & mitRdga®ydgor.YmchiizyNAmgykERgl Naturiol

corff ymchwil cyhoeddus annibynnohelodau consortiwm y prosiect y&DAS, APEMrifysgol

Bangor, Biomathematics and Statistics Scotland, Bowburn Consulfsots;g Daearegol Prydain
Ymddiriedolath Adareg Prydain Butterfly Conservation, ECORYS, Edwards Consultants,
Ymddiriedolaeth CynefinoeddAD Croyw PrifysgolSt AndrewsPrifysgol Swydd StaffordPrifysgol

Aberdeen PrifysgolSouthamptona PhrifysgoVictoriayn Wellington,Seland Newydd.

2. Dull gweithreduGMEP
Prif elfen y rhaglen yw arolwg blynyddol treigl a gynhelir ledled Cymru dgfnytidio dull ar lefel yr

ecosystem, Y@ a3 LISOKFdz SNIAffZ YISQYy YSaAeNI yATSNI 2 |
nodweddion tirmedd amrywiaeth planhigion aAlr croyw, a chyflwr nodweddion hanesyddol, ac yn
cynnaldau arolwg o bryfed peillio a phedwar oady cwbl

GSRAQA FI LA 2 | NBlastriA @ NJY SdedzND ldz/ & & ¢ NINR R

f STSt dzOKSf &d8RR ¢gSRAQdzRN&I Iy 2RA 3Tl y [ €6 2RNI S
al yzt 23 2 ¢gSAGKIAlI NBRRI dzQNJ NKI El-ié.;L__NJ RRIRI yaz
GKealdA2t SGK 8¢ BaldeNARSR RI ?—l 2QONJA2NFFSyy2¢
effeithiau cynlluniau amaetlamgylchedd a thueddiadau ‘
parhaus Rhai enghreifftiau o ddata a thystiolaeth o gylch
SKIy3F OK &a8RR ¢ RRAQIZKRYBEER
eu dal gan y Ganolfan Cofnodion Biolegol, Ymddiriedolaeth &
Adareg Prydain ac Arolwg Cefn l&ivy Ganolfan Ecoleg a
Hydroleg Bydd y defnydd o dystiolaeth a data o gylch ehang
8y KeNBERR2QNJ I+ ffdz A élSshul ‘;
hanesyddol hirdymaorCynhelir rhagor o weithdai gydag
amrywiaeth o sefydliadau monitro arbenigol a CyfoettuMiol
Cymru ym mlwyddy2 i sicrhau bod yr holl dystiolaeth a data &
gasglwyd drwy raglenni monitro cyfredol a blaenorol mewn
cylchoedd ehangach yn cael eu defnyddio

4

QD¢ e S
D ¢ R
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R NLJ N

Hyd y gwyddom, hon fydd y rhaglen fwyaf a manylaf ar gy#
monitro a gwerthuso ecosystau yn holl Aelogavladwriaethau &
FO ! §RdzNR2 Rl dz wKS 2 f infliNJy hiférRrr o Qlfarmaj lSvydkl R Rae: dull
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monitro ar lefel yrecosystenfel y gellir dadansoddi effeithiau gwrthbwyso a cHuddion; rhaglen
Y2YAUNR RNBAIEBYyA2O0KNNKORS D& g OKitddyad & bwisRinvy fodBI@G 2 NI K
cynnwys dadansoddiadau cymdeithasol ac economaidd; cymhwyso dulliau newydd, e.e. techneg
foleciwlaidd i fesur bioamrywiaeth mewn pridd, data lloeren i fonitro cyflwr mawndiroedd a thyra

fflwcs symudol i fesur nwyod @ g & RN . 8RR LJ206 dzy 2QNJ NKI Ay &y K
gwella ansawdd data, a sicrhau bod pob math o effeithiau o gynllun Glastir ar dirwedd Cymru,
ffermwyr a chymdeithas ehangach yn cael eu cofnodi.

a I S Q NJiad RWRyR disgrifio prif gyflawniadau t@MEPym miwyddyn ei sefydiu rhwng Medi

2012ac Awst201Z O YIS LINAF 3AlLyfeyAl RIFdzQNJ Ff g8 RRey 3@
65RAQdz RFy32a Aaz2Rs 3Ly RRSOKNI dz N Qawdcayyfyft & VA I R
STFSAGKALFdz RAOK2y2f 2 NI A 2 @Ye@NAI| RIdz DfFadAaNI I N

Senarios ar gyfer Effeithiau Dichonol o ymyriad&lastiryn y dyfodol

Y disgwyl yw y bydd yr opsiynau rheoli tir o dan gynllun Glastir yn datblygtfyirgy@ newid mewn
blaenoriaethau polisi a thystiolaeth newydd am effeithiolrwydd yr opsiyiigadd dulliau modelu
OBFNARATAI RdzZNRf 2 3lLyfeyAlRFdzQNI Oedytftdzy &y 27FFSNI
defnyddiwyd mewn asesiad meintiol o effeithiayunluniau amaetkamgylchedd blaenorol a oedd

$SRA RlIy3d2a o02R OeaeffdiAlFrR NKgy3ad & Lwealdz 3ly
ecolegol a fesurwyd mewn dyfroedd croyw yng Nghyrpdathony et al, 2012).Mae modelau

cyfrifiadurol yn cyfosod y dysfiol SG K &A@ RR ' NJ 3 St | QNJ RRSIFtt GoNRI
ASYaAGAFTNBERR &NJ Fy3deft OKSRR ylrdda2NA2td al Syid ey
KANREY2NJ I NJ £t STStf @ RANBSRRZ FSt @& 3l fdynllRlI R yaz
YS6y LISNIKeyla NQNJ G4FNBSRFEdzd ,y o0Sy2R2t3X I NJ 3
FYOFrYy3IeFNRT2Yy 2 YS6ARAFRIFdz YSgy Fftft@NARIRIdz 2
dzy A2y 3eNODK2t s 'Y NBaédvyldz a@2Qy &vYgyStzydNLIEYN: RRF |
YFES YS&dzZNAFRFEdz FNJ 3FStx ISEfAN Sdz O YKIF Nz N NX
JeYNBOKAFR2f @6QNJ FFNIYSIFIAGK Y2YAOGNRO

Yn bwysicaf oll, mae modelau cyfrifiadurol yn rhoi cyfle i fesur nifer o ganlyniadau a dyrannu
effeithiau rhrnnge YA FTSNI YIF 6N 2 YSGARAIFIRIdz YSgy RdzZ £ Al dz
LISYy2R2f ® alS YyAFSNI 20N 2LJAA&Y LI dz NKS2fA (GANI 2 F
enghraifft, ar ansawdd ANE & 3l ffdz A € Ay Al NHz SwreiQharhigion| adzQNJ y S
darparu cynefinoedd ar gyfer adar ac anifeiliaid. Drwy goladu allbynnemsemble2 T2 RSt I dz 2 Q
Aol KFHy2f G@RR2NIdzx 3ISEfANI NK2A |aSaiAlR Yge OeTf
mwyaf effeithiol, fel y gall llunwyr plA3 A @ YOKgAf A2 A STFSAGKALF dz 34 NI ¢
yn gyflymach.

Felly un o brif amcanion rhaglen monitro a gwerthuso Glastir yn ei blwyddyn gyntaf oedd dangos y
defnydd oensemble2 2 FFSNJ Y2RSt dz A 34 YLI & dzQ NIn§chigdbl@&ary A I RI- dz
JeFSNI NKS2fA GANJ 2 RIy 3Jeyffdzy DfFaAaGAND ,y @& 0
FFNF YSSAGKALFIdz Y2RSt dz OB FNATFAIFI RAZNRBE I | QNJ LI2AAOAT A
opsiynau cynrychiadol ar gyfer rheali ® dan gynllun ar bob un o ganlyniadau arfaethedig Glastir:

OA2F YNBGAI SGKT ffAYAFINHz STFSAGKALF dzQN) yB;ma R &y ¢
ehangu a rheoli coetiroedd. Amcan y gwaith hwn oedd dangos y posibilrwydd o ddefnyddio
ensemblez F2RSfldz A NI 3IFYOlIydzaNJ Oyt &8y Al RIdz tf dz23a2
amcangyfrifon o newidiadau mewn allyriadau o lygryddion ac mewn gwatama ecosystemau y

YI SQY FYy2RR Sdz YS&dz2N) 8y dzyA2y3I@NDK2tT 00 3I6SNI
penodol a mireinio dyluniad cynllun Glastir cyn y bydd mesuriadau uniongyrchol o effeithiau ar gael;

IO OO0 YSadNI & 0dRRA 2 & S AIRKANIER da 8By yO 22RFA2 Fe2 £ R Fodst v
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wasanaethau ecosystemau ar gyfer targedu opsiynau. Yn fyr, y cyflawniadau yn y flwyddyn gyntaf
yW:

1 Sefydlu tri model (WDEMP, LUCI &
adzZ GAah+90 aeqQy
amcanestyniadau lleol
chenedlaethat | Qdz KSf |
angen, i gyfrifo effeithiau dichonol
2QNJ 2LJAAey !l dz | NJ
gynllun Glastir gan ddefnyddio
amodau llinell sylfaen cyson
senarios ar gyfer cyfranogi yn
cynllun 'y cytunwyd arnynt &
Llywodraeth Cymru. Y rhain oedd

1 Cadw Sofl dros y Gaeaf
1 Gadael i Goetir Ymesty
dros ei Ffiniau i Gae Cyfagos

Rheoli Pori ar Dir Agored

Tir Pori Parhaol heb Fewnbynnau

Creu Coridor ar Un Lan Nant a Phlannu Coed

Rheoli Rhedyn & Pheiriannau

=A =4 =4 =9

1 5STY@RRAGER & VY2RSft K2 y3Z2{3eHF NI FROANNIBRIE SINAXK A 2 d
Ygel T LIaArof NI & NKFyyldz LISNIKylFazt 2 FFSN

cytrefi planhigion; cysylltedd cynefinoedd coetir; creu llifogydd; colli maethynnau a
gwaddodion i afonydd a llynnoedd; allygiau nwyon k gwydr; a storio carbon. Nid oedd

L2206 dzy 2QNJ Y2RStl dzQy 3J&Ygea A 0 nchadivydd QNI & Y&
RNA aSyINAR2 fftSQNJ 2SRR RSNbeyAlrR AaStsxs OFy2i

opsiynau perthnasol yn cael eu gweithreSUQNJ I N} RRI dz Ygel ¥ LI2aAof

OBYNER NKIy® 58fAR Yy2RA 02R Keéy @&y RSoe3a2f

canlyniadau. Nid oedd gwybodaeth ar gael am union arwynebedd y tir yn y cytundebau.
1 Roedd rhagnodiadau penodol o dan gynllun @as arwain at y newidiadau disgwyliedig

8y | RRIFIaNBeaRR O8ySTAY2SRR I NJ 38FSNJ 1p: 2 QNJ

ganlyniad i reoli llystyfiant yn llai dwys a newidiadau ym mhriodweddau pridd. Cafwyd y
byddai cynnydd sylweddol tuag at dargedar gyfer addasrwydd cynefinoedd o fewn 10 i 23
0f @ySRR INJ&f @Y3a@YNER NQNJ 2LJAARY I dzo

f At ei gilydd roedd rhagnodiadau unigol o da&lastra @ Qy ' NBIF Ay I 2al¢

YSgyoeyyl dzQNJ FFSNY |y AFeSNBemBeddad flenidgirR A y 2 f
sicrrau gostyngiadau back1%)ar lefel genedlaethol mewn allyriadau o lygryddion o
ewtroffeiddio a llygryddion gorfodi hinsawddRoedd maint y gostyngiad lleol mewn
llygryddion sawl gwaith yn fwy mewn Dalgylchoedd & Blaenoriaeth lle y mae arwynebedd

eangodiJ LISNI Kyl a2f a@RR 6SRAQdz (DINBSRAXQNINY S@FB |

ol troed carbon cyffredinol (gan gynnwys allyriadau nwybmwydr corfforedig) ar gyfer
ffermydd penodol fod yn gymaint & 26% (gweler Adran 5.4).
1 Cafwyd gostyngiadau mavar lefel genedlaethol & i 10%o0 ran trwytholchi nitradau ac

allyriadau o ocsid nitrus a methainwy atal gwrteithiawnitrogenl € £ SA K dzQNJ 38 F NJ R

@NJ I NBeySoSRR Yge 2 1 agSttiANI 6SRAQA 4Stfl
1 Roedd rhagnodiadau o dan gynllun Glastir ar ggféikvyno coridorau ar lan nant a phlannu
O2S8SR O évySadtey @& LINBRSEtA O2SGAN)I LINBaSyyz2f

MaIannKE FQNJ 38FNIFRR ISYSREFSGK2t NI 3@8FSNI a

yn fwy o dir hygyrch ar gyfer rhywdol S Kl dz FF202f ff @RI yYRRIAf
biolegol) drwy gynyddu cysylltedd rhwng coetiroedd ac roedd gostyngiad dichonol o 1 i 9%
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8y INBeySoSRR GAN aeQy I OK2aA
fftAF238RR 2 3AlLyfte&yAlIR AQN) RR&E @
opsiwn hyn ar gyfer coetir. i

Mae potensial sylweddoyn y
rhagnodiadau hefyd i leihau
OeaefflisSRR NXK
agored i erydu ac afonydd 3
llynnoedd, a rhagamcanwyd e
02R &y ftfSAKI
ONARR 6SRAQA
o hyd at 15%. Dangoswyd y
Yt F2R UANRS
fftoeldK YIiImadNdmg ¢
briddoedd neu lystyfiant sydd & e
nodweddion rhynegipio ar ei S L5 L L e
FF2NRR AQNJ | F2y ySdz tey eéy fftFA FNBe&RR2OI 2
mewn AANJ yI GKANBSRR &deQy OeéyKeéNDKdz f figoe K f
NXK & y 3 R Radoy. iRoedldaNdiadau corfforedig o nwyon gwydr o ganlyniad i leihau
YAFSNRBSRR RI 0&¢g QN 32adGey3aAlR OeaeffidASRA-:Z
hyn yn arwain at ostyngiad o 1 i 4% yn yr allyriadau ar lefel y fferm (gweler Adran 5.4).

T MaedNJ RRFI QNJ Ol yft&@yAl RIdz 2QNJ Y2RSfldz @y | g3INE
RRSNbey YAFSNI 2 NY3IyYy2RAFRIFIdz 2 RIFYy DflF&adAN® C
NKIF3IReoAFrSGK @ 0@8RR @NJ 2LJaA&yl dzQyarywhobdir Sdz 3¢
LISNI Kyl d2f FNJ & FFSN¥YZI O NI yAFSNI 2Y NI} IR@ 0
RAa3dget &g 02R & OlyfteyAlRlFdz I 3JeFtgeyseR @&
NKgealdNrdz NKFE3 346SAGKNBRIZQONI 2 agadlyaigdi bedi®d O2f f
thaenu gwrtaith neu droi tir pori yn goetia  SQYy Kl y¥F2R2f 02R RI Rl Yya;:
OFSt SA 3Feyylrft 2QNJ LI GNBY N 38FSNI RSNbey 2L
d48Qy RATIGERR GUNIK NB2fA TFadauNdr dderByR opSiyNau g ey Y
phennu gwir lefel yr ychwanegedd. Bydd yr Arolwg o Arferion Ffermwyr y mae GMEP yn
bwriadu ei gynnal y2016a gwybodaeth fwy manwl am gytundebau oddi wrth Lywodraeth
Cymru yn cyfrannu at fodelu yn y dyfodol.

9 Dylid nodi hefyd nd yw newidiadau posibl mewn nwyddau a gwasanaethau amgylcheddol y
Gdz tfly A De@YNHz A 3J@Rogeaz dzyNKeg 2aiey3ail
hystyried.

WK2RRANJ 0flFSYy2NRAFSGK YSgy 3FélFAGK Y2RStdz 8y @
buddey 2 fS2fA 2LJAAEYIlI dz NKS2ftA YSéy YIyyldz LISYy2R
ffdzzaz23 oNIK @YIRYNEBR |3 2LJAA&yldz NI I NseySoSRR
4 DeYNHz FeFryT O A 3IAgYLI &dzQNJ S WS ynlykcynliudz 2 2 L
LINBaSyy2t RNBeE& RREWB/e:mWAi2y@odradi2@ysri ystyrigédy canlyniadau.

O

R
2
J

Yr arolwg maes

al SQNJ N2t g3 YISa eGMERKIYy2HI &2 f RANRI MEIzANISyNR F &
BTSN YySHAR &aeé OngwliadiERea EyirRI ERaygach gelreilidnyddio i werthuso

effaith ymyriadau o dan gynllulastrRNB & 9f TSy HICIBASYAA ACAKNI NENSRR'dz 2 SRR
9f FSY 6SRAQA ¢KI NHSRdz I NGlastir@wch, Rlly saeMNinaadi & &ANID K iz@ NIG A
blaenoriaethau presennol ar gyfer canlyniadalastir5 N3 & RRSTY&RRA2QNJ Rdz f K
AYGSINBRAI 2 Al adfdz RFGF 6SRAQA &ASAfA2 | NJ &@NJ SO:
ym mlaenoriaethau Llywodraeth Cymru yn ystoblynedd cyntaf y rhagleewiswyd uned samplu
gyffredinolky E wm1Y | NJ 3e¥FSNJ & RRgé St¥Sy SN ygey OF S
gallu i werthuso canlyniadau rhwng lefel y rhywogaeth a lefel y dirwisittl ydym wedi defnyddio

Rdzf f ABRNIYNNEFRRz 3 dzy SRl dz 2KSNBERR & Oe-dyblyg@Al RI dz
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a bias Archwilir y sgwariadkmar sail
rhaglen dreigl ac ailymwelir & nhw bot
4 blynedd Mae nifer o fanteision
yngl n & hyn(i) defnyddio adnoddau yn
y ffordd fwyaf eféithlon, (ii) canfod
amrywiadau o flwyddyn i flwyddyn, (iii
darparu data yn gynnar er mwyn profi
phennu paramedrau modelau fel bog
modd darparu adborth buan i
Lywodraeth Cymru, a (iv) sicrhau bo
effeithiau gwrthbwyso a chyéfuddion
yn cael eu cofnodi an na fyddai
KeyyeQy RAIEE@RR LJ
ar wahan, e.e. o adarplanhigion a
phridd, yn cael eu cynnal yn yr un.lle

al SONJ 6SYyy2R NI @NJ ! NRftg3a al Sa @8y RAAINATAZ2QNI Kz
holl fesuriadau a data nven Atodiad. Yn fyr, y cyflawniadau ym Miwyddyn 1 yw
1 58fdzyA2 I NRfg3I OSYySRflISiGK2f Keofe3da FNJalAf &
uned samplu a ddewiswyd fel ei bod yn cynnwysElfen Cymru EhangadWWWC)a
ddefnyddir i amcangyfrif llink&wu sylfaentueddiadau cenedlaethol ac ar gyfer adroddiadau
cenedlaethol ar gynllulastirk O 9f FSy ¢ $IRMBARRE KNI NIEKSR® f f G A R
meysydd a nodau a blaenoriaeth yng nghynl@iastir.
1 Cwblhawyd yr arolwg yn llwyddiannus yn yyitldyn gyntaf Archwiliwyd60 sgwarlkm ar
gyfer amrywiaeth eang o briodweddaecosystemgan gynnwysadar a phryfed peillip
priddoedda rhagnentyddnodweddion hanesyddol a chyflwr llwybrau trgegpvrychoedd a
choetiroeddw K A Sy IKNBATFTWIyw dz 2 NI RRFIF QNJ | N
i 17262 €t SAYAlLdz 6020y S32f 6SRAQdz KI NOKgAf A2d
i 15002 &t YLX I dz LINJ BORo lginsaR Ag@ymd G2 aifolwg Botanegol
LI NKI 2 f d2Qy RSTY@RRA2 RdzZ fAldz FRRIF&A F NJ
cemegol, carbon ac infertebrata
i 20430n0dWS RRA2Y LlWeyd 6SRAQdz LISyydz I Qdz Kl aSad
i 4arolwg ar wahan o adgEbrill¢ Gorffennaj.
T 2arolwg ar wahan drwy gerddetawsdoriad120kmo hyd i gyfrif rhywogaethau o
loynnod byw ANB LA dz 2 @gSyey | LKNBEFSR K2FNry @&
hamseru o fewr®000nT.
T 790 kmo nodweddion llino[gwrychoedd glannau nentydabtc).
i N FNRtga Oeyidl ¥ 2QA Tl (ikertcbrataF ArycioaNE QNJ Ol
diatomau (mewn nentydd yn unig macrdfytau, cynefinoedd ffisegolcyfansoddiad
cemegol d\r, mewn pyllau a nentydd.
T 470 nodweddion hanesyddol i asesu eu cyflwr.
i 9602 fdzyAl dz GANBSRR ¢6SRAQdz (&yydzod
f  Roedd perchnogion tir wedi rhoi caniatad i fyad82%2 QNJ | NB & y S o(@liRdau G A NJ O
sydd o fewn y cynllun a daliadau enadllfewn y60 sgwarlkm.Ym mlynyddoed@®-4 bydd
902 &a3dgl NRI dzQy OF St Sdz KINOKgAtA2 0620 o0f s@RRE
330knt. Erbyn blwyddyrt, y rhaniad rhwg daliadau sydd o fewn y cynllun a daliadau eraill
o fewn yr arwynebedd samplu hwn fydd t68 / 50 a disgwylir y bydd tud5000 ffermydd
wedi ymaelodi & chynllun Glastir. Bydd hyn yn sicrhau bod sail wrthffeithiol gadarn i
werthuso effaith y cynllun
 Cafodd132 A& NFSE&8NJ YIS& Sdz NEBONAgUOUAZ2 | Qdz K& FF2NJI
ar gyfer arolygon maes
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91 Darparwyd rheolaeth ar ansawdd gan syrfewyr annibynnol a groeswirk&?d o holl
adgl NAI dzQNJ | NRf ¢ 3
1 Roedd syrfewyr wedi casglu data drwy ddefdip llechen ddurol a oedd yn mewnforio, yn
GNP adJtge@RR2> O &y O0O¢o6fKlFdz RFGFQNI.F Nef g3 &y |
1 Rhoddwyd mesurau bioddiogelwch trwyadl ar waith i ddiogelu rhag clefydau planhigion ac
anifeiliaid Holwyd ffermwyr hefyd i weld aeddent yn gwybod am unrhyw glefydau mewn
L F yKAIA2Y ySdz 32SR IO yYyAR 2SRR & &adA&8NFSgeNI &\

Bioamrywiaeth
Y nod ar gyfer datblygu gwledig cynaliadwy yn Rhag
Datblygu Gwledig yr UE yw sicrhau bod tirka gin cael eu
defy @ RRA 2 QY JeylfAlIRg® 2
S§O02t S32td® alS Key &y RIy3
wrth-RN2 A QNJ RANESALFI R YSsy SOf
bioamrywiaeth sydd wrth wraidd hynnyyng Nghymru
mae cynllunGlastiryn elfen bwysig yn y Rhaglé®atblygu §
Gwledig ac yn cyfrannu felly at gyflawni nifer ;
NBE&YSRAIISGKIdz adl GdzR2t | &
fioamrywiaeth a SQNJ NXI Ay @&y R ?
rhyngwladol (targedau Aichi), Ewropeaidd (Strategaeth
Bioamrywiaeth yr Undeb Ewropeaid@EBS)eé y 3 K é R
Cyfarwyddebau Cynefinoedd ac Adardeddfwriaeth y DU |
(Deddf Bywyd Gwyllt a Chefn Gwla®eddf yr Amgylchedd #
Naturiol a Chymunedau GwledligJn ystyriaeth neilltuol o
bwysig ywtarged3ynEUBZ @ RR NQNJ y2 R 2 3@y & Ridided NthOsvigddthy A I R 3
at fioamrywiaeth Gan fod81%2 R A NJ / & Y NXJzQ ¥redd ingd dynlidh AmagtAnRyNdvigd @

8¢ dzy 2QNJ FFe@NRR LWeaAoOlFlT 2 aAONKlIdz ySH6AR adf g8
gwasanaethau ecosystemau a bioamrywiaeth mwyn cael datblygu gwledig cynaliadwyn y
0SYY2R IINJ CA2FYNEGAISGHK RAAZIANARFANI &8 Oeyye&RR |
ganlyniadau cynllun amaetimgylchedd newyddGlastir ar fioamrywiaeth yng Nghymru yn y

dyfodol Rydym yn cyfunoifer o ddulliau gweithredu gan gynnwys casglu data yn y rhaglen fonitro

dreigl 4blynedd Y2 RSt dz I RI RFya2RRAQNJ .Q8 fyrf v coitgwniaddm ywh2 v A (i NE
Miwyddyn 1 yw:

1 Cwblhau arolygon o gynefinoedd, planhigion, adar a phryfed peillio irsppovariauGMEP
gan addasu protocolau i fesur effeithiau cynl@tastiryn y ffordd fwyaf effeithial

T 5A86SRRINHZQNI I fft 6SRRFdz YIFILIAZ2 N 38FSNI OeySTAy
newidiadau yn y rhestrau o rywogaethau dangosol a diweddariadau.

f Cywtt FaSaAlR NXIFIFINBSAYyA2f 2QNJ INF RRIdz & YI S
arolwgGMERR Y JI2NHE@FFHNRR NQNJ R2a0FNIKAFR 2 NBg23l
sydd o ddiddordeb o ran cadwraeth, ymchwilio i dair astudiaeth achos a mapioagayr
gyda mesuriadau i bennu a fydd mesuriadau uniongyrchol neu rai procsi yn cael eu.cofnodi

1 Casglu setiau data cyakstunol fel y gellir amcangyfrif effeithiau ar fioamrywiaeth o
ganlyniad i gynllunGlastiryn y dyfodol ar 6l ystyried effeithiau etifddl o gynlluniau
blaenorol ac effeithiau cyfredol a blaenorol o ffactorau sbarduno eraill fel hinsawdd,
defnydd tir a llygredd aer

1 Defnyddioensembley model MultiMOVEarbenigol i ymchwilio i ragolygon o effeithiau o
ragnodiadauGlastirar rywogaethau plahigion DefnyddiwydMultiMOVEi roi prawf ar ddau
ddalgylch a phedwar mesuModelwyd212 NEB g2 31 SGKIF dz LX F yKATA2Yy S L
0f20A1 dz LINS&aSyy2f @&NJ ! Nepftg3d /STy DgfFR N 3Ie&
OeySTAY2SRR I rge@uSgRRbobgrisagnbdindzyng NghymuQNJ O Fl ya sy
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amcanestyniadau ar gyfer rhywogaethau a mesurau penodol a gwblhawyd ar gyfer
rhywogaethau cyffredinroedd30 (75%p y 3J& a2y NQNJ STFTI AGIAStt RRA &3 5
Fodd bynnag, roedd y newidiadagly ¢ SRA Qdz KeéyvYSadey RNRa 3J&Fy2R

f Creu cronfeydd dataewydd10kml NJ 3& FSNJ NKe&é g2 3 SGKIF dz LJX | yYKA 337
Y RR2a0FNIKAFR O 6SRAQdz Oeég AN A RRI NLJ |
Defnyddiwyd y cronfeydd hyn wrth ddewisysiogaethau ar gyfer modelu drwultiMOVE.

1 Cwblhau dadansoddiad o dueddiadau ar gyfer grwpiau rhywogaethau yng Nghymru a oedd
SRAQdz OF 43t dz RN &h ANIYRNK &z 2 8IdS HEANF2REQMIA 2 SR
dadansoddi, gwelwyd bod tuedd negyddot e gyfer 10 o blith 18 o grwpiau tacsonomig o
1970ymlaen a bod tuedd gadarnhaol net ar gyfeygrAp tacsonomig a oedd yn weddill
al SQNJ FFAIAzZNI dz I NJ I8 FSNJ NKeg23l SGKI dz OB FFNEBF
prin o ran y newid yn y tebygwlydd o arsylwi ar rywogaeth rhwri90a 2000

1 / 606t KIFdzQNJ FSNARAgY 3Aeyal ¥ 2 5RIFy3d238RR wKSa

rhywogaethau yng Nghymru.

Gwaith rhagarweiniol i roi prawf ar fetrigau gofodol ar gyfer cysylltedd cynefinoedd.

Casglu meini prawd setiau data i roi prawf ar y diffiniad o Dir Ffermio o Werth Mawr i Natur

@y3d baIAKEYNHz O FNJ F8FSNJ YS&dzNJ SA | NBeySoSRR

gyflwr ecolegol.

9 Dechrau ar waith i allosod mesuriadau y tu allan i sgwalilon arolwg GMEPdrwy
RRSTY@RRA2 RIFEGF 2 2FFSN) deyKgeNR 2 o0Sff SNIY
modelu ledled Cymru.

= =4

Y Newid yn yr Hinsawdd a Lliniaru Effeithiau Llygredd Gwasgaredig
Mae an‘]aethyddiaeth yn ffynhonnell arwyddocaol i lygredd gwasgaredig nwnac allyriadau

nwyon i gwydr yng Nghymru. Mae rhai F

arferion amaethyddol yn gyfrifol hefyd — ‘ F _i’
am golli ac ennill carbon mewn pridd

Mae Llywodraeth Cymru wedi gosod
targedau cenedlaethol i wella ansawdd
dAr a lleihau allyriadau nwyon gwydr, a &
disgwylir ONJ A SOG2NJ I YI SO
at gyrraedd y targedau hynny O
ganlyniad i hynmae cynllurGlastirg S R
ddatblygu fel ei fod yn ddigon hyblyg
dargedu themau & blaenoriaeth(fel

carbon mewn pridjl mewn cyddestun
gofodol ac i gyflwyno mesurau argEiss
ffermydd ee. i ddal a storio mwy o
garbon ac i leihau allyriadau nwyori t
gwydr a llygredd gwasgaredlg mewANJ 2 QNJ a S Ol 2Wak LyWaodraethkCy iR iRvaedi rhoi

of I SY2NRAIFSGK A | NRAI Yyydz @&Ye Nifkith R Inelzid §2y® kinsalvddyaz2 f 6 g & y
llygredd gwasgaredig mewrAd ym MlynyddoeddL a2y cynllun

ErYg@y RSOKNIdz FNJ & 3glFAGK 2 Ghsfirdrdgirétdd gwashaBerlig K A | dz
mewn dAr, allyriadau nwyonltgwydr a dal a storio carbgmae Llywodraeth Cymru wedi ymddiried

y gwaith o asesu effeithiau dichonol o ymyriadau Glastir areysydd blaenoriaeth hyn i Raglen

Monitro a Gwerthuso Glastir. Bydd yn gwneud hyn drwy fodelu, drwy Arolwg o Arferion Ffermwyr i
0SYyydz YS6ARAIFIRIdz I6ANR2YSRR2f [NJ fF 6N JFgfl R |
ehangach o Grantiau Effeithiolrwydzlagir.

29



Yn fyr, y cyflawniadau yn y flwyddyn gyntaf yw:
§ Asesu ffynonellau nwyor tgwydr a dal a storio carbon, y gellir eu hamcangyfrif drwy bob

dzy 2 QNJ 2 Fe® $nithanhiewrpfiddzmethanenterig, allyriadau corfforediy

al LIA2QNJ LISRg I NJ R ddlastir,gan yiPanel Qoetrigad Y& NA | R dz

Defnyddio dull Bangor o fesur 6l #d y cylch bywyd at6 o ffermydd enghreifftiol ar gyfer

pedwar o ymyriadaGlastirer mwyn mesur newidiadau mewn allyriadau nwyorgtvydr o

FFey2ySttldz FNJ & FFSN¥Y:I ey 23&adrft 3 Iff&N.

porthiant a gwrtaith Amcangyfrifwyd bod posibilrwydd o gael gostyngia@-24%yn yr 0l

GNRSR OFNbB2y 2 3AFLyteéyAlLR A RRSTY@RRAZ n 2QNJ

1 Cyflenwi data i offeryn modelADASar raddfa genedlaethar gyfer 5 o ymyriadaGlastiri

asesu newidiadau dichonol mewn allyriadawyon (ocsid nitrus, methana llygredd

gwasgaredig mewnAr (nitrogen, ffosfforws a gwaddodion)

Caffael setiau data ar gyfer modelu gofodol yn y dyfodol drwy ddefnyddio nieieISSE

Datblygu protocol drafft ar gyfer ailgynnal yr Arolwg o Arferion Ffermydd yng Nghymru, gan

gynnwys y strategaeth haenu arfaetheBig A Q¢ RN} F2R N OK&NFTF | NR

ehangach y rhaglen

T /eyffdzyA2 QNI Rdz f 2 | &S adGlaSiFaF i) &l réed @MdnyyaG A I dz 9
FFSNXYE@RR &d&RR ,#PRAQIR RSHFW eRRAYIAF OK o6& Gdz | f ¢
wledig

1
1

=a =

Tirwedd a Nodweddion Hanesyddol
Y3 b3IKEYNHz @ OSAl
KFE NRRIFT 2 FTeyeRR2
Ewrop, yn ogystal a thirweddau mirain
$SRAQdz FFSNX¥AZ2 |
treftadaeth o bwysigrwydd
cenedlaethol a rhyngwladgWLP,
2009).¢ A N¥ S R Rifradmva@héaf) NJ
J8FSNI SAy Oe¥FlLtl ¥
dzy A32f ae&Qy QNBdzQ
cynefinoedd rhywogaethaudiwylliant,
daearegl QNJ 36 SA G K3 NX
220y RAJ6 &mMde pod ynim
cyfrannu at eu datblygiaddherwydd ' S

Keys YAR GOA Ldndzyh l&ds OGANBSRRIdz 2yR (GeadAz2fl SGK dz
weithgarwch dynalMae natur gyfoethog a neilltuol yr amgylchedd hanesyddol yng Nghymru yn cael

ei hamlygu yng nghymeriad ei thirwedd hanesyddakay gweunydd lonydd aneddiacuetc.) a

hefyd yn ei gwaddol unigryw o safleoedd archeolegol, henebion maes ac olion ffisegoCafaitd
cydnabyddiaeth glir i gyfraniad sylweddol yr amgylchedd hanesyddol i ansawdd bywyd yng

Nghymru Mae Strategaeth Amgylchedd Hanesyddol CyifitywodraethCymry 2013)a

JeK2SRRgER @Yy RRAGSRRINI @Yy Oly2fogeydadaz2 NI AFYId
treftadaeth Cymru gan roi anogaeth hefyd ar gyfer mynediad, mwynhad a chyfranogiad cyhoeddus

al SOQNJ ' Y3etf OKSRR KlIySaeRREASRBRYdOa¥Qya@eyyRHRaAr kS
dynodiad ffurfiol yn ogystal & thirnodau a nodweddion pwysig lleetlled Cymru ceB Safle

Treftadaeth y Byd428o dirweddau hanesyddol, parciau a gerddi cofrestreBitPo ardaloedd

cadwraeth 4,0000 henebion rheskidig a30,0000 adeiladau rhestredigcafwyd tystiolaeth bod

FAaSRFdz 2QNJ FFGK @y NK2A FYNEBGgAFISGK 2 FdzRRA2Yy 3Jly
le, hunaniaeth, addysg a chyfranogiad cymunehlitale gwaith ymchwil i asesu gwerth yr

amgylchedd haesyddol yng Nghymr(ECOTEC, 2010&di amcangyfrif bod y sector yn cynnal mwy

na 30,0000 swyddi ac yn cyfrannu t&840miliwn at werth ychwanegol crynswita S NX I A 2 QNJ
atyniadau mwyaf i ymwelwyr yng Nghymru yn safleoedd treftadaeth, gan gynnwysdl Casterya
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ddenodd fwy nal60,0000 ymwelwyr yr2012.D 6y SANJ RSTFY@RR KSfFSGK 2QNJ |
KENVWE@RR2 /@YNHz FStf OeNDKTFIY IO YISQy dzy 2QNJ NKS3
I N2Sa2 /@YNHz A JeYKStftA2Yy . @NINK2 Yy &2 QY RGMIA &G RIVE S
bod angen gweithredu er mwyn cynyddu hygyrchedd a dealltwriaeth a chynnwys grwpiau sydd
GSRAQdz G AEISONE QRrAZT R Jeyylf | O | RT SNINI KR 1 FdzBy |
Lywodraethya gyflwynwyd yr2011ar gyfer tymor y Cynulliad presenngh cynnwys dyhead i
JeT2SGK23IA o0egeRldz dzyA3d2f A2y || OKeYdzySRIdz RNB& F
0 gynyddu canran yr asedau yn yr amgylchedd hanesyddol sydd mewn cyflwr sefydlog neu well

al S QNJ dddgr@RR/n cofnodi bod ymgysylitiad y cyhoedd & threftadaeth yn cynyddu, bod
NKegTFTrAYyld 2 fg@RRAIFIY(G 6SRA 02R 2 NI}y ONBFKIFdz ff S
amcangyfrif o ganran yr asedau yn yr amgylchedd hanesyddol sydd mewn cyflwr seéudiogll

yw ychydig drog8%.

- Mae ansawdd tirwedd yn gysyniad

" 32 RRNBEOK2f 2QA KIYyT2RP a
'~ yn dibynnu ar amrywiaeth o ffactorau, gan

| dJeyygea ttS @& YIFISQNI I aSa
pha bryd (amseftymor/tywydd) ac yn

hollbwysig LJg € a e QY bidf Fhéd)/

4 felly, mewn astudiaethau tirwedd ac yng

i ngwaith prosiect GMEP yw pennu dull

meintiol o fesur elfennau ansawdd y gellir

ei ailadrodd, ac mae hyn yn allbwn

allweddol yng ngham cyntaf y gwaith ar

dirwedd ganGMEPRY cyflawniadau mwyaf
ynyfwRRey 3Jeyidr ¥ A @Yl (iSo
yw:

 Adeiladu setiau dat8D Y | y 6t | NJ 3 & 768 défle lagtudliolkizy & 2WNJ Oy y g & &
G2L123INI FFA GANBSRRIdz I Yy2RH6SRRA2Y GANBSRR ||
dirwedd (e.e. coed mawrterfynau fel gwrychedd, adeiladay coetiroedd.

1 Adeiladu setiau dat&8Dar fanylder cdom ar gyfer arwynebed® x 3km2 I 4 Y LI & L2 0 dzy
60 safle astudio

1 Canfod y rhwydwaith Hawliau Tramwy cyfan ar gyfer gwahanol fathau o ddefnyddwyr
(cerddwyr, beicwyr, marchogion cerbydaubach cerbydau mawyl NJ 3 & F SNJ6QJ2 6 dzy
safle astudio

 / 2fFRdz O2Fy 2R 3 6Gshile Rriau 2dyrdngyd o tgyht p2rddal yn ystod
yr arolwg maegq16 ar bob saflg a thrwy goladu bron200 2 { dzy 60 sddle By idJ
gyfrannwyd gan y cyleald i wefanGeograph fttp://www.geograph.org.uk/), gan ddarparu
4 o luniau ychwanegol ar gyfer pob safle gan artHéiur6.1.1).

1 Adeiladu golygfeyd8DY I ygf | NJ al At @eNJ | I 6t A6Dsdde gastudtioy 6 e | NJ

k. w8 R&8Y KST&8R ¢6SRA O2RA2QNJ Rdzf £ A tegm@rth3I & F NR ¥ 3

edrych allan ar yr arwynebedd3x 3kmo gwmpasyn ogystal & chyfraniad y safle astudio

1kmA QNJ 2f @3 FF 2QNJ RANB SRR ¢ diBkmo §WRipEsRide hyn Y S gy

8y FF2NRR 2 FSadzNJ LI Y2N) 6Stl Rge 26QN) RANBSRI

Canfod yr holl nodweddion amgylchedd hanesyddol ar gy6€rsafle

alS RdzZ f 2 | aASadz OeFftogN) y2RSRRA2Y ,&baf Sa&RR2

nodiadau maes ddarparwyd gan yr ymddiriedolaethau archeoled@ldd hyn yn rhoi set

newydd, amserol a phwysig o ddata arolwg am gyflwr safleoedd hanesyddol

= =
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http://www.geograph.org.uk/

§ Datblygu Mynegai Ansawdd Gweled®Ql)dzy A ANE 6 A FSadzNJ IgSNILIK .

safleoedd astudiolkm. a I S €yyinwys pum elfen allweddotopograffi (pa mor arw/

F' YNEGA 2T 8 BgOfedd glash MoEWEdHNGF dr yn y dirwedd Tgofadl gwyrdd

(amrywiaeth cynefinoedd cymhlethdod llystyfiant anthropogenj (elfennau adeiledi

hanesyddol diwylliannol(gangynnwys presenoldeb Henebion Rhestreslig).
Un datblygiad allweddol yn ystod gwanwg®14 fydd datblygu delweddau tirwedd i ddangos
YS6ARAIRIFdz 8y & RANBSRR &8y & ReF2R2f INJ & al Ff S
Glastira defnyddir arolygn mynegi dewis i werthuso ymateb y cyhoedbh agwedd ar y gwaith ar
RANBVSRR T&RR RSTY&RRA2 RSt 6SRRIFdz 3SYl dz OBFNATAL
ecolegol gywiryny dyfodol e RR & RSt 6SRRI dz Kéy GSRAQUydBySBAf A2 |
K2ff fealdefFAlryldl 6SRAQA &aSAtA2 NI & geo2RIFSOGK |
newidiadau yn yr adeileddau coediog hyn yn dilyn patrymau ecolegol gywir ar gyfer twf yng
Nghymru¢ NEFY ANI A QNJ RSt-lgibRiyddz8 FTFRRRNS I &Y HINI f dz d OS
dirwedd. Bydd hyn yn gyfle i gasglu barn dlnasyddlon Cymru, yn ogystal a barn ymwelwyr posibl i
DEYNHz 2 020.bNRI AAYANI 8RNI RSt 6 SRRI dz Key 2 3dgoft 2
fel bod modd eu defnyddioRRSy dz aef ¢ L1206t AFLFyO | O (habredwiRl dz 2 QN
ardaloedd mwy trefol efallai, neu ardaloedd o dan anfantais gymdeithasolr asedau tirwedd y
maent yn talu am eu diogelu yng Nghymmeé ReY &y ONBRdz YIA Kgy @egQN
deMSRRI dz Y2NJ dzOKSt Sdz KIFIyalgRR O Y2NJ SO2f S3z2f
RSTYeRRA2 A &yvy3deaeff.idz NQNJ OeK2SRR AQNJ RAOSY Kgy

Coetiroedd
Mae coetiroedd yn bwysig ar
gyfer darparu Gwasanaethalj
Ecosystemau lluospgwyddau
a buddion gan gynnwygren,
diogelu pridd atal llifogydd, SESEEss
hamdden NKS2t S ERRA"
hinsawdd ac  amrywiaeth
rhywogaethau gwyllt &
(rhywogaethau cyffredinol
rhai arbenigol mewn
coetiroedd. al S YAT
gwasanaethau hyn yn ategu
gilydd a cheir synergeddau= :
rhwng gwasanaethau yn hytr:la na gwrthbwyso mae coetlroedd yn gynefinoedd -aml
swyddogaethal t SYy g8 R YIA IFgSNIK & o0dzRRAZ2Y AQNEMYIef OK
miliwn (Readet al. 2009). Mewn arolwg diweddar, dangoswyd bod bra@8b% 2 QNJ 0 2 0 ey:
b3IKeYNUzQYy @& Y w4 cRoetiogdd i Sghyimku a b8d%yn credu eu bod yn darparu

0dzZRR LISy Rl y i .¥iNamBadgyfdky BHestriG&edviigaeth Genedlaethol, cyfanswm yr
arwynebedd o goetiroedd yng Nghymru 28100edd 303.5 000 hasef14%o0 arwynebedd Cymru

Cdwyd amcangyfrif hefyd yn y Rhestr fod arwynebedd y coetiroedd llydanddail wedi cynyddu
16000harhwng 2001 a 2010a bod arwynebedd y coetiroedd conwydd wedi lleihawd3ha.Yng
b3IKe&YNHzz O2SGAN) 2 3JI2SR ff&RIYyRRI AffhwdoygoetrSydd/ | ¥ & &
2QN] RARR2NRSG Y6el T 2. aillSiopegdy yIwd aNDKR RG K/ | ¥ iz
.t FSY2NALFSGK d8RR 6SRAQdz OBRYI02R @&y RoeddIKeyft f dz
adroddiad ar ddangosyddion Coetiroedd i Gym{2012) yn dangosbod y tueddiadau ym
YK20f 23 SGK & NKIy Fgel T 2 NﬁézaréﬂKru aedQy RSa
Fodd bynnag, roedd y dirywiadau ym mhoblogaeth gwiwerod codlgriady-R A NJ | Ndgcdk F A 2 £

ASFERE23IAT & RANEBGALRI dz &WF I REZ d ff 2 TR RENNGT BiNIENG SN
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' N} Fdz  QNJ Oéyy@&RR &Y YK2of 2Nid oSddl kuedd ariydldacadl wd R R dz ¢
mynegai adar y coetiroedd rhwri94a 2009.

Cyhoeddwyd strategaeth Llywodraeth CymWdoetiroedd i
D& Y N#2001F QA RA 20825hA2S Oy K@ NB & RR 2 :

2 RReéfdzyAz | NKS2fA O2SGANBSRR &&Qy RI NLJ NHz YN
chytbwys o wasanaethau ecosystem@&atblygwyd set @30 %’S ;

ddangosyddioni fesur cynnydd tuag at gyrraedd y20 -
OryteyAlrR fSFSft dzOK S f éélfelf{”.uw‘
W/ 2S3GANRSRR SIQNDENKNHEQY &y Oe&
ymwneud & chyrhaeddiad, arwynebedd coetiroedd o waha
fath (trefol, fferm etc) I QNJ Yy S ¢ AtRampwiaBtiR
OeySTAY2SRR | QdidlialNEydabadvd IoSréok
coetir, cydbwyseddcarbon, iechyd coed buddion lleol o
goetiroedd hygyrchedd gwerth pren a rheoli AN a |
rhain yn cwmpasu amrywiaeth o fuddion cymdeithasal=
economaidd ac amgyleddol Roedd yr adroddiad arSs
Ddefnydd Tir a Newid Hinsawdd yn argymell ehangg
coetiroedd dros20 mlynedd o tual00 000harhai collddail yn
bennaf ond rhywfaint o goed conwylidan addasu tarddiad |
28R &y &t & NKIE3&ROMYO RN
creu dalfa nwyon It gwydr a photensial ar gyfer defnyddid
tanwydd coedw2 SRR KS¥@&R &y | NH&
sicrhau na fydd coetiroedd Cymru yn dod yn ffynhonn
flynyddol o nwyon & gwydr ac y byddant yn atal nwyom t
36 RNJ AQNJ INI RRI dz Y g\Nak Fefyddd aH
coed ac iechyd coed wedi cael lle mwy amlwg o lawer
agenda wleidyddol yn ddiweddar yn sgil ymlediad clefydd
e.e. Chalara fraxinea Phytophthoraramorum marwolaeth & Bl

sydyn y deti malltod nodwyddauDothistromal QNJ y A S NJ Ylaua [N.ﬂSIbEI nﬁ’éreo‘:i @O KALI
rywogaethau

Mae elfen coetir yng nghynlluBlastra @ RR NQNJ F YOIy 2 KSf Lldz NKS2f g& NJ
a rheoli coetiroedd presennol er mwyn hybu gwasanaethau ecosystemau ac ymdrin &
bioamrywiaeth,dAr, carbon tirweddau, nodweddion hanesyddol a mynedizal I SQNJ St FSy 028§
darparu grantiau cyfalaf a grantiau ar sail arwynebedd ar gyfer:
I Teneuog caniatau i fwy o olau ddod drwy frig y coed i wella llystyfiant y llawr a hybu
adfywio naturiol.

9 Ailstacio ¢ gwella amrywiaeth y rhywogaethau.

1 Seilwaithg rheoli coetiroedd a oedd yn anhygyrch gynt.

1 Gwaith ar derfynaw i gadw da byw allan o goetiroedd neu reoli da byw yn well.

1 Rhywogaethau a warchodir a rhywogaethau & blaenoriaethgrantiau i warchod

rhywogaethau pwysig.

1 Rheoli llystyfiant; i reoli planhigion goresgynnol agsotig.

1 Rheoli plawg gan gynnwys gwiwerod llwyd a cheirw.

1 Mynediad cyhoeddusg i wella mynediad i goetiroedd a darparu gwybodaeth i ymwelwyr.
Mae Rhaglen Monitro a Gwerthusglastiré y RSTYy&@RRA2 | NRf &332y | Rdz f Al
buddion o ymyriada@lastirar raddfa genedlaethol. Y cynnydd a gafwyd ym Miwyddyn:1 yw

1 / &ddzy2 FN) oNRG20C2fttdz YIFSazX | Qdz NXK2A ' N &
rhywogaethau coetiroedd yn s@siau arolwg GMEP Mae hyn yn cynnwys mapio
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cynefinoedd coetir, y prif rywogaethau, gwybodaeth reoli, defnydd tir, plotiau llystyfiant
mewn llecynnau bach a mawr yn y coetir ac ar hyd nodweddion llinol coediog, a
chofnodi adar a phryfed peillio
9 Casglu dat esboniadol i ddadansoddi newidiadau ym maint a chyflwr coetiroedd ac
effeithiau ar newidynnauS NJ A f € aeQy Rly3a2a eYliSo 2
bioamrywiaeth
Mapio ymyriadauGlastirar sail mesuriadaGMEPa Chynllun Coetiroedd Cymru
Defnyddioensembley model MultiMOVEarbenigol ar gyfer rhywogaethau planhigion i
ymchwilio i ragolygon o effeithiau 2 o ragnodiadalastirar gyfer coetiroedd(AWE 9b)
Creu coridor ar un lan nant a phlannu codAWE 24Y5adael i goetir ymestyn dros ei
FTAY AL dzwalla(@velbiJPenSoR) Q A
1 Defnyddio model ecosystemau tirweddaWCli ymchwilio i ragolygon o effeithiau 2 o
ragnodiadauGlastirar gyfer coetiroedd QNJ a@ Y SNHSRRI dz Yy SdzQNJ 34 NIi |
gwasanaethau erailpweler Pennoc).
1 5 STy eéRRAWDREMFYy2nEhifio i ragolygon o effeithiau 2 o ragnodiadalastir
ar gyfer coetiroeddgweler Penno@).
1 Ymchwilio i fetrigau ar gyfer cysylltedd cynefinoedd er mwyn datblygu dulliau o asesu
effeithiau mesurau o dan gynllun Glastir ar gysylltedd cynefinaeeégvn coetiroedd
(gweler Pennod}).

= =

WKFEA 2QNJ Oeyffdz2yw dz  NJ 38FSNJ . f g2 RReY

51 RIyaz2 RRAQNJ ST T SGldstitar WadanathateSodydedu dzbicargnvindtiNgan
RRSTY@RRAZ2 3¢l KFIy2f RSOKYS3ldz RIRIYyEHNRRARZ QyO T& &
mewn penodau eraill a sefydludp pwnc Coetiroedd i gynghori a rhoi sylwadau am yr amcanion, y
RFERFEY&2RRAI RI dz | GMERak godtioedid/ Yy I dz 2 61 A (K

Cyfalaf Naturiol Pridd a llif ac ansawddid

Yn ogystal & darparu bwyd a maeth i gynnal dynoliaeth, mae ffermwyr yn stiwardiaictiar Mae

stiwardiaeth dda yn gallu rhyddhau maethynnau o bridd a rhe#li yh effeithiol i greu a chynnal
cynefinoedd bioamrywiol! NJ & ffF ¢ FNIf€tX YIS RSFEfOGoNARFSOHK
stiwardiaeth wael, yn gallu arwain at ddirywiad mewynefinoedd a disbyddu cyfalaf naturiol y

pridd. Yn aml bydd cymdeithas yn gofyn i ffermwyr droedio llwybr cul, drwy gynhyrchu bwyd heb

achosi dirywiad yn y dirweddéall rheoli ac aflonyddu amaethyddol fod yn bwysig ar gyfer rhyddhau
maethynnau a gwelldAr, priddoedd a bioamrywiaeth, ond mae gormod o fewnbynnau, cyfraddau

stocio rhy uchel, neu bwyslais amaethu ungnwd yn gallu arwain at ddifrod amgylcheddual

wahan i gynhyrchu bwyd, maeAtlJ I LIKNARR2SRR ey Oe¥ftSygAr 3ol al
bwysigo safbwynt rheoleiddiol a diwyllianndDs bydd y Ar mewn cronfeydd yn lan, ni fydd angen

ei drin i raddau helaeth cyn ei yfed gan admll priddoedd fod yn glustog rhag llifogydd a sychder

aeQy 3IlLfftdz | OK2aah RATNRR OMa¢ RBWItAK haafaddl rhivil@ S O2 vy ;
rheoleiddio ansawdd a llifANJ I LK NA RR2 SRR .IYiRdgystRl & Ryyl, anReRpriceideddy & y i
8y NKS2fA O @y NKS2ft SARRAZ2QNI I Af 32f OKdz N gl &
maeth yn gallu arwain at dit ffo a llygru crynofeydd dr. Mae priddoedd yn storio llawer o garbon

- 3AFftFyd dzy A KSfLdz A f SAKLFGRNONISIHHRR2 2HF SN yKSd
rhai achosion, ychwanegu at y newid yn yr hinsawdd drwy allyrru methan ac ocsid Mias

priddoedd a chrynofeyddAlr yn gynefinoedd ac yn gronfeydd genynnau pwysig hefyatiddoedd

@ OFFTgeR @& 3AgNIKFA2G§AILdz OeyidlFF O YISQNJ NKIAY
anifeiliaid Mae priddoedd a Ar wyneb yn agored i effeithiau dirywiol am cael eu bygwth gan
RRSTY@RR NK& RRgeéa 2 RANE ff@3aNBRR.I ySgAR &y &N\
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aealsSyrdz / SYSRt I Stikzt ¥F
R’(P\)QI\I] & (@yQ RO &S fNJ(S)\?\ YIAY 1a S 0K

*““’-!!l

b2RgeR &y @NJ!aSairlR
F32NBR A STTFFIAGK Faa
AQNJ LISNE3If 2 S¢( NBedw

wedi dangos bod ansawddid afonydd 15
wedi gwella rhwndgl990a 2008 al $¢

ac mae8%o afonydd Cymru yn cael eu
hystyried yn uchel o ran ffosffadau;
Mae gwaith monitro wedi dangos boc,
gordyfiant o algae mewn afonydd y
fwy cyffredin yn ystod y99%au a bod
KeyyeQy 3JeaeffiaArs
uchel o nitraday 2y R Y 1
ymddangos bod y rhain wedi gostwn
er 2000. Gwelwyd gostyngiad mewn
asideiddio hefyd mewn dyfroedd mynyddig, tra cafwyd cynnydd meavhon organig tawdd

Yr Arolwg Cefn Gwlad sgd 6 SRA O@y K& NDKdzQNJ Ol yf @y Al R dz RA g SRR
newidiol mewn uwchbriddoedd ledled Cymru yn2§ mlynedd diwethaf. Mae canlyniadau wedi

dangos na fu newid cyffredinol yn y carbon organig mewn priddoedd yng Nghymru. Rbedd
cymedrigf¢  LINA RR2SRR ¢SRA O {¥FuRIOKahynDEdd yn §yRiRaim raNK ¢ y 3
KStFSGiK 2 QNJ Oe& gHbgmedRig yapaddoedl Riv@9®78a2§07 mae hyn yn dangos

02R tfF6SNJ 2QNJ 6dzZRR 2 f SAKI dz . Fofdibyirmg, ynathdgodtii A RA 3 ¢
Conwydd Glaswelltir Asidig @&weunydd Corlwynni chafwyd newidiadau arwyddocaol ynpH

cymedrig rhwng Arolygon nac yn ystod yr holl gyfnod rhidv@ig8a 2007 mae hyn yn adlewyrchu eu

3Lt fdz Of dzai23A | Qdaclly suyimeal gmadek HiRONIE danlgnRdan & S f
gofnodwyd yn adroddiad diweddar Asiantaeth yr Amgylchedd ar gy@lastir yn dangos bo80%

2QN) K2ff 3 Slkdz I ONRFHER &y NK& |aARAI N I32FSNJ
hefyd o ran trwytholchi i gyrsiau Ar. Roedd dadansoddiad o ffermydd o dan Radlefin Conwyn

dangos bod ypH is-optimaidd hwn yn ganlyniad i daenu llai o galch, am resymau economaidd yn

bennaf Mae data a gafwyd yn ddiweddar gan Asiantaeth yr Amgylchedd yn dangos bod lefelau P
mewn31%0QNJ OF Sl dz I OoNBFgER | NJ FT Eoddv@yriRagnodwyd ma y I QNJ
priddoedd mynyddig oedd y rhain mewn llawer achos, sydd heb fod yn naturiol gynhyrchiol nac yn

addas i gadw FSerch hynnyroedd y ffigurau ar gyfe82%2 QNJ O S| tRYISNIQ¥ & ¥ DKA | O
oedd angen mewnbynnau ychwanegdim ond mewrl%2 QNJ OF St dz I ONBFHER &NJ z
0 P a oedd yn achosi perygl drwy drwytholchn 6l yr Arolwg Cefn Gwlad, roedd cyfanswm y
dwyseddNYSgy It agStft AN 6 BRA WM nagStetyl d2OKDB b PKBAY N Y
eraill a Phrydain Fawr gyfaGlaswelltir Anffrwythlon a Glaswelltir Ffrwythlon oedd yr unig fathau o
feadGeFTAlIYyldG @y3d bIKEYNHz ff SQNJ 2SRR RAI2y 2 o0geyi
newid: roedd yrhain yn dangos nad oedd cyfanswm y crynodiadau cymedrig o N wedi newid i

raddau arwyddocaol rhwnfj998a20078 y & y I Af f T I {.Roed givaitinioditioo !l y i y I
dan gynllunTir Gofalyn dangos bod gaeafu gwartheg a defaid yn yr awyr agorextiaosi dirywiad

8y |yalgRR LINARR O @&y Rgeat dzON) SISKEFE 8¢ BNER
gwrthbwyso rhwng buddion dichondk.e. adar) a chanlyniadau negydddk.e. ansawdd pridd

mewn ymyriadau amaethyddol penodol

Y nod wrth fonitro asawdd pridd a Ar o dan gynllurGlastiryw casglu tystiolaeth o effeithiolrwydd
y cyfuniadau o ymyriadau rheoli o ran helpu i wella ansawdd priddrangewn ffordd a fydd yn
K&odzQNJ Ol yf e@yAl RIdz a2dQy 3Jeaeff (])\SRAEI NQNAry SgA R
ac ehangu coetiroedd ¥ F2R @ RdzZ f Y2yAOGNR LINBaSyyz2f ey 38
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6ySdzZR RSTFYE&RR 2QNJ O2Fy2RA2Y RIGF K&y A RRSIH
cenedlaethol o ganlyniad i effaith benodol y cyfuniadau o ymyria¥fauogysdl & hyn, mae angen

monitro er mwyn casglu tystiolaeth i fesur statws a thueddiadau o ran ansawdd pridk grd

gyffredinol ar gyfer anghenion cofnodi eraill a bydd y gwaith hwn yn darparu sylfaen dystiolaeth
wrthffeithiol bwysigs N @ 3Je T2 a2 RddtaKRYRI WSARRNONWI y32a adzi @
sbarduno newid, e.e. defnydd tir, yr hinsawdd a fgdd, yn effeithio ar yr amgylchedd yng
bIK@YNHz ey 23eailf NONstR YRR I RE dzg NI R2 YNJ IRy [ d
briddoedd yn darparu tystiolaeth ar gyfer y dadansoddiad integredig, a bydd hefyd yn cyfrannu at y

361 AGK Y2 RS tdiggrifiodyRyR add®iddih@r ar gyfer cyfuniadau penodol o ymyriadau

Gyda golwg ar fonitro Ar a phriddoedd, nodGMEP& 6 S 3f dzNB QNJ Oéaéft GAl RI dz
rhwng ymyriadau rheoli tir ac ansawdd dyfroedd croyw, yn enwedig mewn pyllau a rhagnentydd

al SONJ ONBENR PEORR KRy &y | Rt $g&8 NOKdzQNJ | NRIFf 2 Qdz
lynr2 SRR Ygeé aeéQy | Rt Sg e NBIKdzae RihsavwaEl@ EeMdgal AR ecoleGod T I Y
ySyGeRR I LKe&ffl dzQy RRI @las@rac&riigw di¥eithiabl Nighah@Af§ NI & Y & N,
GNR Oeyidl ¥ YSgy INRfg3I I NI &, bydd R RadlenyrKa@oiilio I O A RF
macroirfertebrata, diatomau (mewn nentydd yn uniga macrdfytau er mwyn cynyddu ein gallu i
FRYF02R LI GNBEYIldz I GKdzZSRRAI Rl dz S @rBy&dhmlygon o Qdz O&
JeySTAY2SRR &y YSadzaNJ RANEGAIFIRkK@YIlI RRI adz YSgy O@
ecoleg a gwneud crynofeyddAd croyw yn fwy agored i effaith ffactorau pwyso eraill fel
maethynnau, llifau isel neu waddodion man. Bydd y dull ayéha ddefnyddir galcMEP 1yn rhoi

mwy o allu i ganfod gwyriadau oddi wrth amodau llinell sylfaen/cyfe@ijoyn rhoi mwy o allu i
wahaniaethu rhwng effeithiau ffactorau pwyso lluosog ac ymyria@dastir,a 3) yn ein helpu i

briodoli rhesymau dros newiadau i ansawdd ecolegol

Ymgymerwyd a gwaith i sefydlu rhaglen monitro effeithiol ac effeithlon ar gyfer priddoedd gnd
Miwyddynl.Y prif gyflawniadau yw

DAr croyw

f Hyfforddi 13 2 A& NFSge&NJ A 38
safonol cydnabyddedig ar gyfer biomonitro me
nentydd yn y 60 sgwar astudiolkm. Roedd y .
Rdzf f Al dzQy JBAMIFEaREfyE i rdgleriif i
monitro hirsefydlog eraill fel yr Arolwg Cefn Gwla
| RNdydwaith Newid Amgylcheddol e

1 Defnyddio technegau sefydledig a phrofedig ar gyfis
pyllau (nid oes protocol safonol ar eu cyfer yn
DU/UE yn yr un modd a nentygd ¢ Qy 3 ¢é
RRFGFQNJ ! N2t @aa o/a®lFggn pilauf
a ddarparwyd gan yr Ymddiriedolaeth Cynefinoec
DAr Croyw

1 Cydymffurfio & safonau bioreolaeth cadarn a phol
iechyd a diogelwch.

T /8Ft1 6yAQNI I NBf g3 Oeyil 1
un pryd, infertebrata ér croyw+ diatormau (mewn |§ ,
nentydd yn uniy + macrch‘ytay + cynefinoedd ,«; i
ffisegol+ cyfansoddiaccemegol d\r, mewn pyllaua "
nentydd

1 Sicrhau gwerth ychwanegol o waith mewn pyllau drwy waith olrhain moleciwlaidd ar
fadfallod dAr cribog

O2f I dz
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f ¢NRP&If 68RR2QN) K2ff FFdNFESyyAr OFS NI F&F¢
meddalwedd cyfannol.
1 Gweler hefyd ywaith modelu ar lygredd gwasgaredig yn y bennod ar senarios.

Pridd
T tINFrG2A  GKNBALFf dzQNJ LINR #
0 Hyfforddi 13 o syrfewyr i ddefnyddio dulliau sampl
pridd.
0 Cynhyrchu ffilm hyffordd25 munud o hyd ar samplu
priddoedd
o Datblygu protocolau labordy nexd a phrofi / prynu
cyfarpar i wella effeithlonrwydd gan roi prawf a
ddulliau unigryw ar gyfer mesur bioamrywiaeth me
pridd yn yr holl briddoedd yng Nghymru
1 Samplu uwchbriddoeddcasglu1500 0 samplau 0300 o
leiniau ar yr un pryd ag arolwg botanegmdrhaol gan
RRSTY@RRA?2 Rdzt t Al dz &ae&Qy : B - e FSNJ RI
ffisegol, microbaidd, cemegol, carbon ac infertebrata
1 Newid yn yr hinsawdd
0 Cwblhau gwaith profi cysyniad ar gyfer mesur newid yn uchder mawn drwy ddulliau
synhwyro o bell
o Cwblhau gwaith prafcysyniad ar gyfer adnabod mawn nogheé Qy | 32 NBR, A STTI
YSgy ftdzyAldz . REYyYygeR 2QNJ I g&NJ
f  Erydu mae BGSwedi darparu rhediadau model o erydu pridd ganAdda gwynt gan
RRS ¥y & RRAPESHRAr Yy2eRE/inru. Gweler hefyd y gwaith modelu ar erydu yn y
bennod ar senarios.
1 Ffynonellau data allanotasglu data am briddoedd o ffynonellau eraill gan gynnwys setiau
data CNC er mwyn gwella a chymharu data algasl ganGMEP

Ym Miwyddyn2 bydd nifer y sgwariadkm yn yr arolwg yn codi 601 90, felly bydd priddoedd yn

cael eu samplu mewn50 0 leoliadau Bydd creiddiau pridd yn cael eu samplu ar gyfer dadansoddi

ffisegol, cemegol, biolegol ac infertebratBydd y gwaith ar gronni mawn yn parhau, a bwriedir
ffdzyA2 YS(iK2R2tS3 AQ¢ CRERYY y &yodolReybyn Nilwedd frSailf Y2 y A
flwyddyn Byddwn yn parhau i goladu setiau data perthnasol a geir oddi wrth sefydliadau eraill ac yn
BYOKgAT A@AfANDBNIRRIZ 82 AQdz K A GNEP & NiwvirR&lvodd arNdueBdiadali
cenedlaethol Byddwn hefyd yn datblygu sgriptiau cyfrifiadur awtomatig i ganfod effeithiau o

EYE@NARIFRIFdz I GKNRa3Iftg@RR2QNJ RFEGF AQNJ) L2 Mdd RI G
Yé& 2 ySyGe@RR | LKe&ffldzQy OFStf Sdz KI NOKgAf A2 KST

sgwariau ym Miwyddyd. Byddwn yn cydweithio & modelwyr dalgylchodddCler mwyn canfod yr
effaith o Iqoliadau gofodol yr ymyriadau, nodweddion ar dirchva gweithgarwch o dan Glastir ar
ansawdd @ croyw yn y sgwar samplu.

37



38



ReportSummary

Introduction to the Glastir Monitoring and Evaluation Programme and team

The Welsh Government has commissioned a comprehensive new Glastir Monitoring and Evaluation
Programme (GMEP) to monitor the effects of Glastir, its new land management scheme, and
potentially contribute to themonitoring of progress towards a range of national and international
biodiversity and environmental target§his fulfils a commitment byhe Welsh Government to

establish a monitoring programme concurrently with therlab of the Glastir scheme. i& a major
development from past monitoring programmes which have only reported after schemes have been
closed. The project will also ensure qaliance with the rigorous requirements of the European
Commissio@ &Common Monitoring and Evaluation Framework (CMHE#pugh the Rural
5S@St2LIYSyid tftly o6w5to0 F2N 2FfSa gAGKAY 2yS 27
Environment and Countrysgl¢ The early findings from GMEP witovide fast feedback to inform
negotiations for the next phase of the RDP. The data, models and tools collected and developed
GAGKAY Da9t gAfft Ffaz2 KStLI AyT2NY 7TdziueNdtolLd I yy A
ensure the development of a green economy and the asipinat of the Environment Bill. The

current two year programme willbe extended by a further two yearsubject to successful
completion of the first two year deliverables.

The GMEP team cqmomises a mix of organisations with different specialisations covering the
different schemes activities, objectives and outcomes. The programme is led by the Natural
OYDPBANRYYSY(d wSaShkNOK [/ 2dzyOAf aQ /nSnddpesient NI 9 O2 f 2
researchbody. The project consortium includes ADAS, APEM, Bangor University, Biomathematics

and Statistics Scotland, Bowburn Consultants, British Geological Survey, British Trust for Ornithology,
Butterfly Conservation, ECORYS, Edwards Consultamshwater Habitats Trust, St Andrews
University, Staffordshire University, University of Aberdeen, University of SouthangstdrV/ictoria

University of Wellington, New Zealand

The GMEP approach
A major part of the programme involves a rolling annual syracross Wales using an ecosystem
approach. Measurements include a range of soil and water quality metrics, landscape features,
plant and freshwater diversity, condition assessment of historic feattnes,pollinatorand four

bird surveys; all mappeaGlastirintervention measures and

the five high level outcomes as prescribedihy Welsh

Government Work to look at past data on impacts of agri
environment schemes and eggoing trendds central to the TR < t——
LINE INF YYSQa RIGE FyR eSobwideSy O0S | OUABAGASED 9EI YL
data and evidence iltsation include; historic data held biye : :

Biological Record CentrBritish Trust for Ornithologgnd
Centre for Ecology & & R NB CaudErgsidéSurvey. The
utilization of wider evidence and data will enhance the power
of evaluation and also provide a long term historic backdrop.
More workshopswill be held with a range of specialist
monitoring organisations and Natural Resources Wiale&ear

2 to ensure full use of data and evidence captured through
wider past and cusnt monitoring programmes.

To our knowledge, this will constitute the largest and most if
depth ecosystem monitoring and evaluation programme of
Member Stateand Managing Authoritywithin the European
Union. Many novel elements incletl are: an ecosyem
approach to enable robust analysis of traddfs and ce E .
benefits;a rolling monitoring programme rumng parallel to thescheme to prowde fast feedback

39



major contribution from modellingincorporation of scial and economic analysiapplication of

new methodssuch as molecular technique for soil biodiversity, satellite data for peatland condition
monitoring and mobile flux towers for measuring greenhouse gases. These will all help to increase
efficiency, improve data quality and help ensure the dutth of Glastir impacts on the Welsh
landscapefarmersand wider society are reported.

Major achievements by the GMEP team in its inception year Sept @81@ust 2013 are presented

in this report with key I year resultsfor each of the five outcormsoutlined belowstarting with
results from a major modelling exercise to estimate potential effects of some Glastir interventions at
the farm and national scale

Future scenarios of Potential Glastir Impacts

Glastir land management options are expectdd evolve with changing policy priorities and
emerging evidence on the effectiveness of options. Computer modelling of scheme outcomes will be
a key decision making tool in this process, and was used in a quantitative assessment of the impacts
of the forerunner agrienvironment schemes that was able to link modelled pollutant pressures
with the measured chemical and ecological status of freshwaters in Wales (Anghaiy 2012).
Computer models synthesise the available evidence and our best undergjaofiiie state and
sensitivity of the natural environment. They provide an opportunity to interpolate and project long
term outcomes at landscape scale, allowing policy analysts to evaluate and rank scheme outcomes
relative to targets. Specifically for thprogramme of work, they provide estimates of changes in
pollutant emissions that are difficult to measure directly, for reasons of scale or cost, such as
greenhouse gas emissions. Where measurements are available, they can be compared against model
predictions to verify the representativeness of the monitoring framework.

Most importantly, computer models provide an opportunity to quantify multiple outcomes and
apportion impacts between the many changes in land management associated with a scheme. Many
of the land management options under Glastir have multiple impacts on, for example, water quality,
mitigation of climate change, plant communities, and provision of habitat for birds and animals. By
collating outputs from an ensemble of models from the efiéint sciences it is possible to provide a
more complete assessment of the benefits of the Glastir scheme and to identify the most effective
elements, enabling policy makers to explore tramfés and iterate the scheme design faster.

A key objective inhe first year of the Glastir monitoring and evaluation programme was therefore
to demonstrate the use of an ensemble of modelling tools to scope the potential outcomes of
representative Glastir land management options. TH& dz{SdeNdsioS©chapter repors on the
application and future potential of computer modelling frameworks to quantify the impact of
representative Glastir management options on each of the intended Glastir outcomes: biodiversity;
climate change mitigation; soil and water flow and qualiand woodland expansion and
management. The intent of this work was to demonstrate the potential for an ensemble of models
to project the multiple outcomes of management options, for a) provision of estimates of changes in
pollutant emissions and eesysem services that are difficult to measure directly; b) evaluation of
the relative benefits of individual management options and refinement of the Glastir scheme design
in advance of direct measurements of impacts becoming available; and c) quantificétitwe
multiple benefits that arise from a spatially explicit and &systems services approach to the
targeting of options. In summary, achievements in the first year are:
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i Three models (WBEMP, LUCI and
MultiMOVE) with the capabilifyto
provide both bcal and national
projections were set up and
augmented as appropriate to
calculate the potential impacts of
Glastir land management options
using consistent baseline condition
and scenarios of scheme
participation as agreed with the
Welsh Government.fiese were:

I Retain Winter Stubbles
1 Allow Woodland Edge to

Develop Out into Adjoining Field

Grazing Management of Open Country

Grazed Permanent Pasture with No Inputs

Create Streamside Corridor with Tree Planting

Mechanical Bracken Control

I The models calcutead the potentialimpacts of the maximum implementation of each
option on the relevant areas of participating farms gaant community structure;
connectivity of woodland habitats; flood generation; nutrient and sediment losses to rivers
and lakes; greenhgse gas emissions; and carbon storage. Not all models were applicable to
all interventions or all outcomesThree scenarios of low, medium and high uptake were
explored and assumed maximum implementation of the relevaptions of participating
farms whichit should be noted is likely to significantly overestimate outcomes. Information
on actual area of land in agreements was not available.

1 Individual Glastir prescriptions resulted in the expected changes in habitat suitability for 75%
of the 21 plant speies modelled, resulting from datensification of vegetation
management and changes in soil properties. Significant progress towards target habitat
suitability scores was made within 10 to 23 years of uptake of options.

1 Individual Glastir prescriptionshat result in a reduction in farm inputs and overall stock
numbers on farm habitat areas generally delivered small (<1%) national reductions in both
eutrophying and climate forcing pollutant emissions. Local pollutant reductions were several
times greaterwithin Priority Catchments that have large areas of relevant land and are
targeted for scheme enrolment. Change in the overall carbon footprint (which includes
embedded greenhouse gas emissions) for specific farms could be as high as 26% (see Section
5.4).

1 Large reductions in national nitrate leaching, nitrous oxide and methane emissions of 5 to
10% were achieved by witholding nitrogen fertiliser and reducing stocking rate on the
larger improved grassland area.

= =4 =4 =
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1 Glastir prescriptions to
introduce streamsle corridors
with trees and extend existing
woodland parcels increased the
area of woodland by ca.
10,000ha and national carbo
storage by less than 1%. Th
gain in accessible land fo
WISYSNROQ faradll 2
specieqa type of bieindicator)
through inceased woodland §
connectivity was 3 to 12% with#
a potential reduction in flood
generating land of 1 to 9% due
to these two woodland :
options. The prescriptions also have a significant potential to reduce the connectivity of
erodible land to rivers and lakeand were projected to reduce eroded soil and phosphorus
delivery by up to 15%. Areas generating high load that move through soils or vegetation with
intercepting qualities en route were often shown to be of less significance to the overall
water nutrient budget than more moderatgeneration areas with no interception en route
to the river Embedded greenhouse gas emissions resulting from reduced stock numbers and
associated fertilisers with these woodland interventions resulted in a 1 to 4% reduction in
emissions at a farm scale (see Section 5.4).

1 The scale of the model results suggests that the cumulative impact of uptake of a number of
Glastir prescriptions can be significant. However, the outputs are based on the assumption
of maximum implementation obptions across all the relevant land area on a farm and a
range of scientific assumptions embedded within thedels. It is expected that the results
presented are a large ov@stimate of impact where there are barriers to implementation of
an option, suh as a loss of productivity resulting from the whblding fertiliser applications
or conversion of pasture to woodland. There is a critical need figtailed analysis of the
pattern of option uptake and a survey of the actual changes in farm managementntify
the limits to uptake and establish the true level of additionality. The planned GMEP Farmer
Practice Survey fo2016 and more detailed information on agreements from Welsh
Government will inform future model applications.

9 It should also be rted that possible changes in environmental goods and services outside of
Wales to compensate for any reduction in production within Wales is not accounted for.

Future modelling work will prioritise use of the LUCI model to calculate the benefits of edrget
placement of management options on farm, to maximise the multiple outcomes of relatively small
areas of option uptake; application of the MultiMOVE model to the whole of Wales; and scoping of
the impacts of management options not included in the currectteme design using the WIEHMP
model for consideration by the Welsh Government.

The field survey

The field survey sits at the heart of the GMEP programme. The aim is to provide the main evidence
base for ongoing change in the countryside (a Wider WabespGnent) against which the impact of
Glastir interventions can be evaluated using a Targeted Component (TC). The Targeted Component
sample areagre selected according to the points structure for the Advanced element of Glastir and
therefore reflect the current priorities for Glastir outcomes. This approach combined with an
integrated ecosystem approach to data collection means the survey is flexible over time as the
2 St AK D2 @@SNYYSYy ( eér the sk 2yNdksipfite rogtamms/canimon sampling

unit of 1kn x 1km squarevas selected for both components to ensure a practical sampling unit
which would allow outcomes from species to landscape to be evaluated. We have not taken a paired
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farm-unit approach due to the limitations, including redwamty and biases that can result. Thenlk
squaresare surveyed on a rolling programme with squarewigited every 4 years. This has several
advantages including; (i) maximising efficient use of resources, (ii) capturingoygear variation,

(i) provding early data to test and parameterise models such that early feedback to the Welsh

Government can be provided, and (iv
ensuring tradeoffs and cebenefits are
captured which would be missed if e.g
separate bird, plant and soil survey
were not celocated.

The Field Surveghapter describes all
the field methods in detail with a full
list of all measurements and datd

contained within an Appendix. |

summary, achievements in Year 1 are:

T

Statistically robust and flexibl
nationwide survey designed,
based on rolling programme .
and sampling unit chosen to include a the Wider Wales Component (WWC) used for baseline
estimation, national trends and national reporting of Glastir, and a Targeted Component
(TC), which specifically links to the priority areas ainas of the Glastir scheme.

The first year of survey was completed successfully. 60 1km squares were surveyed for a
wide range of ecosystem properties including birds and pollinators, soils and headwater
streams, historic features and footpath conditidmedgerows and woodlands. Examples of

the scale of the survey include:

I 1726 botanical plots surveyed

T 1500 soil samples taken from 300 plots coincident with permanent botanical survey
using methods appropriate for physical, microbial, chemical, carbon and
invertebrate analysis.

T 2043 point features identified and assessed

T 4 separate surveys of birds (Agriluly)

T 2 separate surveys walking a 120km of transect to count butterfly species, bee and
hover groups plus timed searches within 90G0m

T 790 km oflinear features (hedgerows, stream banks etc)

i Firstsurvey of its kind to simultaneously monitor freshwater invertebrates, diatoms
(streams only), macrophytes, physical habitat, water chemistry, in both ponds and
streams

T 47 historic features assessed ftoeir condition

T 960 landscape photos taken

Landowners granted access to 82% (scheme and none scheme holdings) of the total land
area within the 60 1km squares. years 24 the number of squares will be scaled up to 90
squares per year to create a totsdmple are of 330kA{(33,000 hg). By year 4 the relative
split between scheme and none scheme holdings within this sample area will be
approximately 50 50 with the expectedGlastiruptake ofca. 4500 individual farms which

will ensure a robust countéactual against which to evaluate scheme impact.

13 field surveyors were successfully recruited and trained ashdke field survey software
was developed.

Quiality control was carried out by independent surveyors who ecbesked 12% of all
survey sqares.

Surveyors collected data using a ruggedized tablet which automated the import, transfer,
backup, and completion of survey data
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9 Full biesecurity measures were put in place to cover both plant and animal diseases.
Farmers were also asked if theveere any known plant or tree diseases and surveyors

avoided these infected areas.

Biodiversity
The goal of sustainable rural development witlthe EU Rural Development Programseeks to
achieve economically and ecologically sustainable asdand and vater. This recognés a

requirement for reversing ecosystem degradation and the loss of underpinning biodiversity. In

Wales, the Glastir scheme is a significant component of the Rural Development Progea so
contributes to fulfilling a number of statory obligations and targets relevant to biodiversity. Tées

are derived from agreements aglobal (Aichi targets), European (European Union Biodiversity

Strategy (EUBS) plus Habitats and Birds Directives) and UK
levels (Wildlife and Countryside Act and tixal :
Environment and Rural Communities Act). Of particul§
AAIYATFTAOLYOS Aa GFNHSG o 2
O2yGNROGdzIA2Y 2F | ANR Odz i dz
Since 81% of Wales is farmed, agmvironment scheme §§
funding is seen asne of the most important mechanisms
for delivering a largescale rebalancing of production, g
ecosystem service supply and biodiversity to achi
sustainable rural development. ThBiodiversity chapter &
describes progress and future plans for assessmerthef @&
outcomes of the new Glastir aggnvironment scheme on
Welsh biodiversity. We apply a combination of approach
including data collection within the 4 year rolling monitorin
programme, modelling and analysis of existing monitori
schemeslin summaryachievements in Year 1 are:

1 Habitat, plant, bird and pollinator surveys completed in all GMEP squares with protocols

modified specifically to optimésdetection of Glastir impacts.
1 Habitat keys updated in consultation with NRW including changes to tndispeces lists
and updates

1 Preliminary assessment of the extent to which the distribution of the planned GMEP survey

squares overlaps with those of priority species and habitats of conservation interest,

exploration of three case studies and mappinfyimterventions with measurements to
identify if direct or proxy measures will be reported.

1 Assembly of contextual datasets to enable estimation of future Glastir impacts on

biodiversity in light of the legacy effects of past schemes and the past andngniggpacts
of other drivers such as climate, lande and air pollution.

Application of the MultiMOVE niche model ensemble to explore forecasting of the effects of
Glastir prescriptions on plant species. MultiMOVE was applied to two test catchments and
four measures. 21 plant species were modelled where each was drawn from existing
Countryside Survey plots representing the catchment land classes and habitats targeted by
each prescription in Wales. Of the total number of species and meapaeific projectns

run for common species, 30 (75%) were consistent with the expected impact of Glastir
however these changes were projected over relatively long periods.

Production of new 10km plant species pools based on distributiata holdings and
corrected for ove and undefrecordng. These species pools were subsequently used to aid
species selection for MultiMOVE modelling.

Completion of trends analysis for Welsh species graugiiected by volunteer scheme®f

the species with sufficient data for analysis, 40t of 18 taxonomic group®ad a net
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negative trend from 1970 onwards with the remaining 8 taxonomic groups showing a

positive net change trend. Common species arepmrforming rare species in terms of the

change in the probability of observing a spasdietween 1990 and 2000.

Completion of a first version of a Watchlist Indicator for species trends in Wales

Preliminary work testing spatial metrio habitat connectivity.

Compilation of criteria and datasets for testing the definition of High Natureevighrmland

in Wales and measuring its present and future extent and ecological condition

9 Initiation of work to extrapolate outside of 1km GMEP squares using remote sensing data so
as to enable inference of monitored and modelled quantities across Wales

= =4 =

Climate Change and Diffuse Pollution Mitigation
Agriculture is a significant source of ,’v W) -
diffuse water pollution and greenhouse j - o a—
gas emissions in Wales; whilst some -
agricultural practices are also responsible il :
for losses and gains of soil carbon. The
Welsh @vernment has set nationalg
targets to improve water quality and
reduce greenhouse gas emissions, a
the agricultural sector is expected td
contribute to the meeting of these
targets. In consequence, the Glastif
scheme has been developed wit
sufficient fexibility to target priority BEESE
themes (such as soil carbon) in a spatigifs
context, and introduce measures on

farms to e.g. enhance carbon sequestration, reduce greenhouse gas emissions and diffuse water
pollution from the agricultural sectorThe Welsh Goverment has prioritised funding for
interventions focusse on climate change mitigation and diffuse water pollution Years 1 and 2 of

the scheme.

As a first step to determine the potential impacts of Glastir on diffuse water pollution, greenhouse
gas emisions and carbon sequestratiomhe Welsh Government haasked the Glastir Monitoring

and EvaluatiorProgrammeto assess the potential impact of Glastir interventions on these priority
areas through modelling, a Farmer Practice Survey to identify achaasges on the ground, and
additional work to identify the wider benefits of the Glastir Efficiency Grants.

In summary, achievements in first year are:

1 Assessment of the greenhouse gas sources and carbon sequestration, which each of the
modelling tools s the capacity to estimate (e.g. soil methane, enteric methane, embedded
emissions)

Mapping of four modelling approaches to Glastir intervention measures, by the Expert Panel
Application of the Bangor footprinting life cycle approach on 16 model farmeéorGlastir
intervention measures to quantify changes in greenhouse gas emissions frefiernon
sources, as well as embedded emissions associated with feed and fertiliser production.
Estimates of the potential outcome of 4 intervention measures we@24% decrease in
carbon footprint.
1 Population of the ADAS modelling tool at the national scale for five Glastir interventions to
assess potential changes in gaseous emissions (nitrous oxide, methane) and diffuse water
pollution (nitrogen, phosphars and setinent)

T
T
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9 Acquisition of datasets for future spatial modelling using the ECOSSE model

91 Developed a draft protocol for the repeat Wales Farm Practice Survey, including the
proposed stratification strategy, for discussion with funders and the wglegramme
projectteam

i Planned the approach for assessing the impact of Glastir Efficiency grants on i) the carbon
footprint of farms which have made use of them, and ii) the widerfarii) benefits to the
rural economy

Landscape and Historic

Wales is typified bysome of the finest mountain and coastal scenery in Europe, as well as small
grained farmed landscapes and heritage landscapes of national and internatigndicance (WLP,
2009). Landscapes provide the framework for our natural capital and the indiVidamponents
which create this wealthghabitats, species, culture, geology, and the human economic activity
which takes place within them, all contribute to their development. As such, landscapes are not just
é( ayar2idaéd NI G§KSNI (K Sidle elitB@dt ¢eBturiés i@ activigy. R hedidh

FYR RAAGAYOGABS yFlidaNBE 2F 21 fSaQa KAaU2ZNRO Sygd)
character (fields, moors, lanes, settlemesets.) and is further manifested in its unlque endowment
of archaeological sites, field monument: (K
and other material remains. There it
clear recognition of the significant
contribution of the historic environment
to quality of life in Wales. The recen
Historic Environment Strategy for Wale
(Welsh Government, @) is focused on
actions to enable the protection of
2 £SaQa KSNRGF3AS
public access, enjoyment and
participation. The historic environment
comprises a diverse set of assets rangi
from formally designated sites to locall : i e
important landmarks and features. Across Wales there are 3 World Herltage Sltes 428 registered
historic landscapes, parks and gardens, 519 conservation areas, 4,000 scheduled ancient monuments
and 30,000 listed buildings. There is evidence that such assets adattib a range of benefits
spanning job creation, tourism, plateaking, identity, education and community involvement.
Research to assess the value of the historic environment in Wales (ECOTEC, 2010) estimated that the
sector supports over 30,000 jobs aodntributes around £840 million to national gross vwhdded
(GVA). Some of the most popular visitor attractions in Wales are heritage sites, including Conwy
Castle which attracted over 160,000 visitors in 2012. The historic environment is widelynubed i
promotion of Wales as a destination and is one of most popular reasons cited by visitors in Visit
Wales research of visitor motivations. However, the strategy identifies a need for action to increase
accessibility, understanding and engage undgresented groups. The cost of maintaining and
restoring assets is also a significant challenge. The Programme for Government, set out in 2011 for
the current Assembly term, includes an aspiration to enrich the lives of individuals and communities
through cuture and heritage with a longderm goal to increase the percentage of historic
environment assets in a stable or improved condition. The 2013 update reports that public
engagement with heritage is growing and there has been some success in strengtienihace of
the Welsh language in everyday life and the percentage of historic environment assets in a stable or
improved condition is estimated at just over%3
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Landscape quality is an inherently subjective concept, the measurement of which is dapende
variety of factors, including where the assessment is made, when it is made (time/season/weather)
and, critically, on who is making thigdgment The key challenge in landscape studied for the
GMEP projectis therefore to define a method whickan measure components of quality in
guantifiable and repeatable ways and this is a key output of the first phase of the landscape
component of theGMEP workMajor achievements in the first year to address this challenge are:

9 The construction of detad 3D p
datasets for all 60 1kfrstudy sites |
which take into account both
landscape topography and small
scale landscape features whicl
constrain the visibility of the &
landscape (e.g. significant trees
boundaries such as hedgerowsy
buildings, woodlands).

i The construction of 3D datasets at
5m resolution for a 3 x 3km aregs

sites. e e =
1 The extraction of a complete Public Rights of Way (PROW) network for different classes of
user (walker, cyclist, horsader, small vehicle, large vette) for all 60 sites.
9 The collation of a visual record of all 60 sites from both fixed point photography completed
during the field survey (16 per site), and from the collation of nearly 200 publically
contributed photographs of these 60 sites to the geaph website
(http://www.geograph.org.uk/), with typically 4 additional photographs provided per site
(Figure 6.1.1).
1 The construction of detailed 3D viewsheds based on the PROW for all 6Gtiiiy sites. In
addition, we have also coded the methods to calculate the viewsheds from each 1km study
site looking out to the surrounding 3 x 3km, as well as the contribution that the 1km study
site makes to the landscape view looking in from the surrounding 3 x 3km HBhnisis a
jdz YGAFALFOES YSIadzaNE 2F K2g a@Aradatfte | O00Saa.
The extraction of all historic environment features for the 60 sites.
An assessment of historic feature condition has been successfully incorporatetiarfield
survey, building on field notes provided by the archaeological trusts. This will yield a timely
FYR aA3IYAFAOLIYG ySg aSa 2F adzaNWSe RFEGE | o2dzi
1 The development of a unique Visual Quality Index (VQI) to quantify the lgpelsedue of
each 1km study site. This includes five key components: topography (how rugged / varied
GKS {1 yRT28M A% To @oF & TSI ( dZNBELIAGS £0 KK | {olAy
diversity, vegetation complexity); anthropogenic (built componentsistoric / cultural
(including presence of Scheduled Ancient Monumets
A key development during spring 2014 will be the development of landscape visualisations to
illustrate future landscape changes on the target sites instigated and paid forghr@lastirand
preference surveys will be used to evaluate the public resporse.part of the landscape
component, we will be making use of cuttledge, computeigaming visualisations to produce
ecologically correciuture landscapesThese visualisatiewill be grounded in reality, with all of the
vegetation based on the survey information collected in the field by the ecologists and changes in
these wooded structures will follow ecologically realistic growth patterns for Wales. The user will be
abletod g I £ { G KNE dz3 Kwhichivil Be miade yi\Ritalihe ohliSe and will not only gather
the views of Welsh citizens, but also of potential visitors to Wales from across the globe. Far from
being a gimmick, these visualisations are now of such a quhléitythey can be used to engage the

= =4
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view of young people and those members of the Welsh public (perhaps in more urban locales /
potentially socially disadvantaged areas) with regards to the shared landscape assets of Wales which
they are all paying to helprotect. We believe that this will be the first time, such high quality and
ecologically correct landscape visualisations will be created and used for such public engagement
purposes.

Woodlands
Woodlands are important for the provision of multiple Ecsisyn Services, goods and benefits
including timber, soil protection, flood prevention, recreation, climate regulation and wild species
diversity (for both generalists and woodland specialists). Many of these services are additive and
there are synergies diween services rather than tradeffs, woodlands are mukHfunctional
habitats. The environmental benefits of woodlands in Wales have been valued anillggh (Read
et al. 2009). A recent survey demonstrated thatearly 65% of people in Wales visit e
woodlands regularly and 94% believe they provide a definite benefit to the local commuhay.
National Forestry Inventorgstimate the total area of all woodland in Wales in 2010 to be 303.5 000
ha 14% of Wales The Inventory also estlmated thatvbenh 20012010 the area of broadleaved
: ] e + woodland increased by

16000ha and the area of
conifers decreased by a
13000ha. In Wales, only
broadleatdominated woodland
is native, and this type is the
main  focus  of  nature
conservation interest. It
includes severPriority Habitat
types recognised in the UK
Biodiversity Action PlanThe
Woodlands for Wales indicators
report (2012) showed that the

5" z 3 population trends of the
majorlty of species of conservatlon concern are stil unknown, however, the population deafines
red squirrels and floating water plantain had been stabilised, declines of the pearl bordered fritillary,
the great crested newt and Juniper were slowing and the population increase of black grouse had
stabilised. There was no significant trend in theoglland bird index between 1994 and 2009.

]

¢CKS 2SfakK D2@SNYyYSyld adaNraGaS3ae w222RtFyRa& F2NJ 2|
It promotes the design and management of woodlands to provide a wide and balanced range of
ecosystem services. A sef 23 indicators have been developed to measure progress towards
FOKAS@GAY3a GKS wn KAIK S@PSt 2dzi02YSa 2dzit AYySR A
measures on extent, area of woodland of different types (urban, faticr) and how that isttanging,

habitat diversity and species, sustainability of woodland management, carbon balance, tree health,

local benefits of woodland, accessibility, value of wood and water management; spanning the range

of social, economic and environmental benefitée Land Use Climate Change report recommended

an expansion of woodland over 20 years by about 100 000ha (mainly deciduous but with a
proportion of conifer) with tree provenance adapted to the projected climate. This initiative would

create a GHG sink andf@el wood potential. They also recommended management to ensure that
woodlands do not become an annual GHG source and that Welsh woods are managed to optimize

long term GHG abatementree disease and tree health has risen sharply up the political agenda
recently with the spread of diseases ef@halara fraxineaPhytophthoraramorum sudden oak

death, Dothistroma needle blight and the high number of potential threats that could adversely

affect a number of species.
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Glastir has a woodlands element whicashbeen designed to support land managers to create new
woodlands and manage existing woodland to promote ecosystem services; Biodiversity, Water,
carbon, landscape, historic features and access. The woodland element provides area and capital
grants for

1 Thinningallowing more light to enter the woodland top improve ground flora and natural
regeneration
Restockingimproving species diversity
Infrastructure managing previously inaccessible woodlands
Boundary workto stock proof woodlands or improve stomanagement
Protected and priority speciegrants to conserve important species
Vegetation managemento control invasive and exotic plants
Pest controlincluding grey squirrels and deer
Public accesgo improve woodland access and provide visitdormation.

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

The Gastir Monitoring and Evaluation Programme is using a
combined survey and modelling approach to identify the benefits,i,
of Glastir interventionsat the national scaleProgresgo date in &‘f*, .
Year 1 includes 2 =
1 Field protocols agreed and ingohented for recording =
of woodland habitats and species in GMEP su
squares which includes mapping of woodland habi
dominant species, management information, lan|
use, vegetation plots in small and large woodlan
patches and along woody linear feadgrand bird and s
pollinator recording.
f Assembly of explanatory data to analyse changes®
woodland extent and condition and impacts on othes
environmental and biodiversity response variables. &
1 Mapping of Glastir interventions to GMEH
measurements and WoodlanPlan for Wales
1 Application of the MultiMOVE niche plant specidSi
model ensemble to explore forecasting of the effeci,
of 2 woodland Glastir prescription®&WE 9b) Createf
streamside corridor on improved land with tre
planting, (AWE 24) Allow woodland edtp develop ¢
out into adjoining fields (see Chapter 2).
{1 Application of the LUCI landscape ecosystem mode g€
explore forecasting of the effects of 2 woodlan
Glastir prescriptions and their synergies or traafés
with other services (see Chapter 2).
1 Application of the WDFEEMF model to explore forecasting of the effects of 2 woodland
Glastir prescriptions (see Chapter 2).
1 Explored habitat connectivity metrics to develop methods for assessing impacts of
Glastir measures on connectivity of woodland habitate(Chapter 4).

Plans for Year 2 include:

Analyss ofthe impacts of Glastir woodland measures on ecosystem services and biodiversity using
different analytical and statistical techniques and modelling described in detail in other chaptérs
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creation ofa Woodlands topicgroup will be formed to advise and comment on the objectives,
analysis, and outputs of GMEP woodland work

Soil Natural Capital and water flow and quality

Farmers not only provide the food and nutrition supporting human existence,tloey act as
stewards of the land. Good stewardship can unlock nutrients from soils and manage water
effectively to create and sustain biodiverse habitats. Conversely, poor understanding of best
management practice, or poor stewardship, can lead to haliegradation and a depletion of soil
natural capital stocks. Farmers are often asked by society to taeadrrow path, producing food
without degrading the landscape. Agricultural management and disturbance can be important for
unlocking nutrition and enhacing water, soils and biodiversity, but too many inputs, over stocking,
or emphasis on monocultures can lead to environmental damage. Aside from food production,
water and soils fulfil important regulating and cultural ecosystearvices Clean water from
reservoirs minimizes treatment for human consumption; soils can buffer floods and droughts which
can cause major social and economic damage. Regulation of water quality and flows is inextricably
linked with soils and their functionality. Moreover, soitsntrol and regulate the recycling of waste
and nutrients, but excessive nutrient inputs can lead to runoff and pollution of water bodies. Soils
are a major carbon store and can either help to reduce climate change by sequestesifigric@e
atmosphere, 0 in some circumstances add to climate change through methane and nitrous oxide
emissions. Soil and water bodies also provide important habitat and gene pools; antibiotics were
first extracted from soils and now fulfil vital sl in human and animal medie. Soils and surface
waters are vulnerabldo degradation and threatened by owvértensive landuse, pollution and
climate change, and must be managed with care.

The National Ecosystem Assessme™™
reported that Welsh upland rivers®
are particularly vulnable to =
acidification, while those drainingh
more intensive agricultural land ar
at risk of eutrophication through
nutrient loading. Recent
assessments indicate that from 199
to 2008 river water quality has
improved Nutrient loading is a
major threat wth 8% of Welsh rivers}
being regarded as  high i :
phosphates, and monitoring s i
indicating an increase in algal o N

o0f22Ya RdANAYy3I (GKS mMbdphpnQad aad20AFGSR gKAOK KAIK
be declining. Acidification has also been obsertedbe declining in upland freshwaters, whereas

Dissolved Organic Carbon (DOC) has been increasing.

-

Countryside Survey produced the most recent results for state and change trends of topsoil across
Wales over the last 25 yeamResults indicatedo overll changen soil organic carbon in WaleBhe

mean pH of soils increased significantly between 1978 and 1998 accounting for much of the
significant increase in mean soil pH between 1978 and 2007 indicating much of the benefit of
reduced acidic inputs hasdready been gained. For Coniferous Woodland, Acid Grassland and Dwarf
Shrub Heath however, there were no significant changes in mean soil pH between any of the Surveys
or across the entire period between 1978 and 20@Tlecting their low buffering capay and
weathering rates and thus slow recovery times. Results reported in the ré&s&meport on Glastir
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found that 80% of all fields tested were too acidic for optimal plant growth, which also poses a
leaching risk to water courses. Analysis of farmdeurthe Cefn Conwy Programme revealed that
this sub optimal pH is due to a reduction in lime application, primésilyyconomic reasongRecent

data from EAshowedthat 31% of farmers fields tested were below optimum levels for P, however,
they note thatin many situations this was on upland soils, which are not naturally productive, nor
suited to retaining P. Conversely, 32% of fields were at index 3 or above requiring no extra inputs.
Whilst only 1% of fields tested had very high P levels posing agadsk.According to Countryside
Survey, otal N density in Improved Graasd in Wales in 200Was relatively high compared with
other countries and with GB as a whole. Infertile Grassland and Fertile Grassland were the only
vegetation types in Wales tbave sufficient sample points to provide valid statistics for stock and
change showing mean concentrations of total N did not change significantly between 1998 and 2007
in either vegetation types. Monitoring under Tir Gofal showed that outwintering bottlecand

sheep caused a decline in soil quality and greatly exacertibgedsk of soil erosionThis highlights

the tradeoffs between the potentially positive benefits (e.g. birds) and negative consequences (e.g.
soil quality of individual agrintervention measures.

The aim of the Glastir monitoring of soil and water quality is to collect evidence for the effectiveness
of bundles of management interventions in helping deliver improved soil and water quality that will
address the outcomes of intereselated to climate change, biodiversity, soil and water quality and
woodland expansion. The compatibility of the current monitoring with Countryside Survey means it
can draw on this data record to understand and disentangle changes in national tremaghfeo
specific impact of intervention bundles. The monitoring is also required to collect evidence to
qguantify the status and trend of water and soil quality in general for other reporting requirements
and this work will provide an important counterfactuatidence base. Synthesis and analysis of this
data will seek to identify how the Welsh environment is being impacted by drivers of change, such as
landuse, climate and pollution over and above Glastir interventions. Much of the data from the soils
work package will not only provide evidence in the integrated analysis, but will also help support he
modelling previously described in this report for specific bundles of interventions.

With regard to water and soils GMEP aims to elucidate the spatial andaiinlinks between land
management interventions and the quality of freshwaters, in particular ponds and head water
streams. These small water bodies reflect their surrounding area, unlike larger rivers and lakes that
reflect whole catchments areas. Thilie chemical and ecological quality of streams and ponds are a
good indicator of Glastir interventions and any potential effects. For the first time in a survey of this
scale and scope, thprogrammewill simultaneously survey macroinvertebrates, diatoraggams

only) and macrophytes to maximise the potential to detect ecological patterns and trends, and our
ability to link them to soil and water quality. Habitat surveying will provide a measure of habitat
degradation/modification, which can strongly influce the ecology and may make freshwater
bodies more susceptible to other stressors such as nutrients, low flows or fine sediment. The holistic
approach delivered by GMEP will 1) provide us with greater power to detect deviations from
baseline/reference caditions, 2) enhance our ability to disentangle the effects of multiple stressors
and of Glastir interventions, and 3) help us attribute reasons for changes to ecological quality.

Work to establish an effective and efficient monitoring programme for swoild water has been
undertaken in Year 1. Major achievements include:
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Freshwater
9 Successfully trained 13 surveydos deliverthe
recognisecbiomonitoring standargbrotocols for
streams where they occurred in the 60 1km surve
squares. Methods congtible with EA/WFD data @
and also other long running monitorindsy
programmes such as Countryside Survey
Environmental Change Network.
91 Delivered established and proven techniques f
ponds (there is no standard UK/EU protocol as f
streams) compatible wh Countryside Survey data
and pond survey data provided by the Fresh Wat
Habitats Trust.
Strict biocontrol and H&S polieyere followed.
Successfully delivered first survey of its kind
simultaneously monitor freshwater invertebrates -
diatoms (steams only) + macrophytes physical |5
habitat + water chemistry, in both ponds ancm
streams. ' S
Obtained added value on ponds through molecular tracer work on great crested newts
Transferred all the field forms for all these biomonitoring techniques into lkstim
software package
1 See also diffuse pollution modelling work described in the scenarios chapter.

=a =

= =

Soil

1 Main survey pilot and preparation:

0 Trained 13 surveyors in soil sampling methods.

0 Made a 25 minute training film of how to sampls
the soils.

o0 Devdoped new lab protocols and tested / bough
equipment to improve efficiency including
methods tested for quantifying soil biodiversi
uniquely for all Welsh soils.

9 Topsoil sampling: 1500 samples collected from 3
plots coincident with permanent botanicaurvey
using methods appropriate for physical, microbi
chemical, carbon and invertebrate analysis.

1 Climate change:

o0 Proof of concept work completed for measurin
change in peat height using remote sensing.

o Proof of concept work completed for identifgjrbare peat, susceptible to erosion, from
air photos.

1 Erosion: BGS has provided model runs of soil erosion by water and wind using the PESERA
model for Wales. See also modelling work for erosion in the scenario chapter.

1 External data sources: Gathered othsources of soils data includidRW data sets to
enhance and compare data collected within GMEP

In Year 2 the survey of squares will be expanded from &) 4quares to 90 meaning 450 locations
will be sampled for soils. Soil cores for physical, chalmiological and invertebrate analysis will be
sampled. Work on peat accumulation will be on going, with the expectation of producing a
methodology that could be incorporated into a future GMEP monitoring program by the end of the
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second year. We will etinue to collate relevant datasets from other organisations and explore
their potential for the integration with GMEP data to report on national trends. We will also develop
automated scripts to detect impacts of interventions to deliver to the data pdrtacollaboration

with the other team members. The number of streams and ponds surveyed will also increase with
measurements repeated as for Year 1 squares. We will work with the LUCI catchment modellers to
identify the impact of the impact of spatialdation of interventions, upstream characteristics and
Glastir activity on freshwater qugt within our sample square.
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1. Introduction

Emmett, BA., Waters, E. anilVilliams, B.
CEH Bangor

The Welsh Government has commissioned a comprehensive new Glasiitohhg and Evaluation
Programme (GMEP) to monitor the effects of Glastir, its new land management schemehiahd

potentially contribute to the morioring of progress towards a range of international biodiversity

and environmental targetsThis fulfis a commitment bythe Welsh government to establish a
monitoring programme concurrently with the launch of the Glastir scheme. This is a major
development from past monitoring programmes which have only reported after schemes have been
closed. Theprogramne will also ensure compliance with the rigorous requirements of the EC
Common Monitoring and Evaluation Framework (CMEF) for the Rural Development Plan (RDP) for
Wales 2000H n Mo GAGKAY 2yS 2F AG& F2dz2NJ 1{Seé FINBlFLa o1y
@ dzy (i NERekalbfindings from GMEP will provide fast feedback to inform negotiations for the

next phase of the RDP. The data, models and tools collected and developed within GMEP will also
KSt LI AYT2NY TFdziidzNB LY | Yy Ay 3joiredup way ftoSengure yhe (i dzNJ €
development of a green economy and the aspirations of the Environment Bill.

A particular emphasis of the RDP and thus Glastir is to encourage actions that increase
environmental sustainability. Specified outcomes requiredi®yEU andhe Welsh Government are
combating climate change, improving water and soil management, maintaining and enhancing
biodiversity, managing and protecting the Welsh landscape including the historic landscape, and
creating new opportunities to impra access and increasing the area and management of
woodlands. The GMEBogrammewill assess the cogtenefit of the impact of specific measures
within an ecosystem framework and the wider benefits to society. The aim is to provide a
scientificallyrigorous approach to the scheme replacing a fragmented array of existing monitoring
projects with aprogrammewhich recognises the essential processes, functions and interactions
among organisms and their environment. The adoption of this ecosystem approachissEsthe
potential cebenefits and tradeoffs between individual intervention measures to be quantified and
ddzLILI2 NLa GKS W AQGAYy3a 21 fSaQ 3ASyRI®

The first step in this approach is to improve the empirical evidence base for the current state and
integrityk O 2 y RA (i Ashafurapa®setd (tefm8dintlral @pital)' and how these are changing

in response to drivers such as climate change, land management practices and air pollution onto
which Glastir interventions are superimposed. The second stepisokate the changes connected

to Glastir interventions itself. Changes in the extent and integrity of riatural capital in turn
impacts on how well they can deliver the ecosystem functions and services we need and value. This
link is currently not well gantified. The distinction betweenatural capital andservices is important

as capital is a longer term asset which we want to protect for the future and is hard to value it itself,
whereas the services which flow from this capital are what economisissanial scientists are able

to value. This valuation step is an essential one if we are to provide a grounded framework for
understanding the choices government and society face and considering the relative costs and
benefits of Glastir policies includisgecific interventions a requirement of the GMEBrogramme

Thestock of our physical natural assets (such as soil, forests, water and biodiversity)pndhiitte flows of
services that benefit people (such as pollinating crops, natural hazard protection, climate regulation or the
mental health benefits of a walk inéhpark http://www.official -
documents.gov.uk/document/cm80/8082/8082.pdf
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Natural capital covers a wide range of individual natural resources which come together as capital to
deliver services. Biodiversity is assumed to be a critical component afidghisal @pital and thus
essential to the provision of ecosysteservices(Millennium Ecosystem Assessment, 2006)is
thought to be particularly important to imease resilience through functional diversity and
redundancy of species and traits within the ecosystem and can be considered both a component of
natural capital and a services or good in itgdface et al. 2012). However, dferent elements of
biodiversity do not converge on the landscape with all ecosystem services and there are complex
inter-relationships which are not fully understood. Thus attempts to maximise one service may in
the loss of other services.€. Tradeoffs). There is a need to better quantify these relationships
preferably using a common scale of measurement to avoid false or incomplete conclusions
O2yOSNYyAy3a Soddd GKS O2y(UNROdziAZzY 2F WHAIGKAY KI O
provision (Eigenbrodet al. 2010). Relationships between services are also unlikely to be linear but
have optima or even tipping pointsThese issues can best be illustrated in an analysis of past
monitoring work at Great Britain (GB) level where the coincidentealifferent components of
natural capital and ecosystem service provision were explored using Countryside Survey data
collected in 2007 from 591 1km squares (Figurel.1) (Maskall 2013).
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Figure 1.1 Ecosystem service indicator response curveSBitsaalelerived from Countryside Survey

(CS) km square data collected in 2007. Response curves of ecosystem service indicators are
projected along the first ordination axis (fitted using Generalised Additive Mo#elglw analysis for
Wales only data ipresented irSection 4.1.2.

It is clear that biodiversity tends to be highest at intermediate levels of productivity as shown for GB
analysisby Maskellet al. (2013). Soil carbon storage is greatest in low productivity systems e.g.
peatland systems.ltural services araligned to semnatural habitats. The results clearly show the
non-convergence of different ecosystem properties and functions within the landscape as a whole
and that primary production is the main explanatory variable for this. mtdsto promote one
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function will impact on another and this will differ along the production gradient. Future GMEP data
will allow us to carry out similar analyses for different habitat types for both stock and, critically, for
change. Differential lagrties in the responsiveness to drivers of change such as Glastir interventions
are to be expected and this approach can track that lag time concurrently for a suite of indicators
Spatial tradeoffs from local to national scale will also be explored for okmlsquares, test
catchments and for Wales as a whole using the l0@ystem model (Jacksehal. 2013) in Year 2.

Overall, the aim is to provide a robust evidence base as agoory part of the scheme, to allow for

fast iterative assessment of multgploutcomes and their intedependence and thus timely
adaptation of scheme payments to maximise benefii® our knowledge, this will constitute the
largest and most hadepth ecosystem monitoring and evaluation programme of any member state
and managing @hority of the European Uniowith many novel elements including; an ecosystem
approach, a rolling monitoring programme run parallel to the scheme to provide fast feedback, a
major contribution from modelling; incorporation of social and economic analgsis application of

new methods where current baseline data or approaches are known to be poor. The approach has
been published here (Emmett al. 2013).

In summanythere are six elements to the GMEP programme:

1 A rolling survey programme which takes acosystem approach and includes a Targeted
Component specifically for Glastir priority areas and a Wider Wales Component which aims
to capture the national trends, counterfactuals and key baseline comparisons throughout
the course of the survey (ChapteBs 4, 7, 8). The approach is robust to possible future
modifications to the Glastir scheme likely following CAP reform.

1 Integration of data from existing and ongoing monitoring programmes thi® GMEP
analysis (3, 4, 7, 8).

9 Testing of new methods to) more effectively quantify changes in peatland condition and
carbon storage (Section 8.2.5.5), i) establish baseline data for the greenhouse gas
mitigation work focussed on the role of grassland management (Section 3.7.1), and iii)
guantify changes irahdscape quality (Chapter.6)

1 A modelling component to; i) assess haomdmeasure changes such as greenhouse gas
emissions (Chapters 2 and 5), ii) upscale to include the wider landscape/catchment
contextual information (Chapter 2), iii) quantify tradés, iv) explore scenarios for fast
feedback toThe Welsh Governmen{Chapters 2 and 5), and v) provide a hypothesis
framework based on best available scientific understanding against which to test data as it
emerges from the field survey (Chapter 2).

1 A Fam Practice Surveyo be conducted in 2016 wiidentify actual changes made by
farmers in response to Glastir payments which will help inform analysis of the survey and
modelling assumptions (Section 5.5.4), and an economics analysis to providelefgt
analysis of the societ@osts and benefits of Glastir.

1 A data portal to make data publicly available in a dsendly web interface maintaining
farmer confidentiality and provide access to model outputs. In time, two of the models used
by the teamwill be webenabled for more general use together with tools to enable
submission of data by the public to the GMEP data portal (Chapter 3).

Theprogrammell S+ Y Ay @2t @dSa wmt 2NBHlFIyAalGAz2ya SR oe@
Centre for Ecolog§ Hydrology, a public research organisation. The team reflects the ambitious aims
of the Glastir scheme which requires monitoring from species to historic features, soils to
economics, greenhouse gas emissions to access. All organisations have experiEmgescale
monitoring programmes and many bring a wealth of existing monitoring data on which the team can
build e.g. the Biological Records Centre, Breeding Bird Survey, National River Flow Archive and
Countryside Survey. Combining data with long teamends from these sources will provide an
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important evidence base for a range of other national and international reporting requirements over
and above that of EU RDP e.g. UK Greenhouse Gas Emission Inventories, biodiversity reporting from
the global toUK scale (Aichi targets; European Union Biodiversity Strategy (EUBS) plus Habitats and
Birds Directives; Wildlife and Countryside Act and Natural Environment and Rural Communities Act
habitat reporting, Water Framework Directivec. as well as informing glicy development e.g.
Payment for Ecosystem Services.

In our first year, the team have:

1 Recruited and trained 13 field surveyors

91 Developed protocols and novel robust field data capture systems

1 Surveyed 60 squares once for vegetation, soils, watstphc features, habitat and linear
features, landscape, 4 times for birds and 2 times for pollinators

1 Developed new databases to enable the validation, safe storage and dissemination of GMEP
data, including the protection of site locations and person&brimation plus internal web
sites with secure logins to share documents and transfer data to and from remote teams in
the field.

9 Purchased kit which is now being commissioned to build 2 new novel mobile greenhouse gas
flux towers to remove the uncertaigtconcerning which types, and under what conditions,
are Welsh Grasslands sources or sinks for greenhouse gas emissions to robustly test
modelling forecasts

1 Commissioned work to test three new approaches to monitoring of change in peatland
carbon accumuligon rates for which there is no nationally accepted protocol

1 Populated 2 models at national scale and 2 at local scales and run three scenarios for 6
diverse Glastir interventions.

1 Engaged withca. 20 organisations from NGOs, to government agencies, darm
representatives and industry with many moredepth meetings planned particularly with
the large number of conservation/species organisations for Year 2 now the drive to develop
the field programme has been completed. (See Appendix 1.1 for a futiglisihd our
Communication Plan Appendix 1.2).

1 Organised 2 stakeholder meetings to explain thgramme and identify possible co
working and established a Steering Group of 13 public and private organisations to help
inform the programmeand identify link and potential ceworking with other organisations.

9 Articles have been written for Farming Wales (Appendix 1.3); and a paper published on the
overall methodology ispects of Applied Biology 118, 2013 (Appendix 1.4).

This first year report is structad around the work ongoing to report against each of the 5 outcomes
starting initially with a report from our modelling teams who have explored potential national
and/or catchment based outcomes for six Glastir interventions selectethieyWelsh Governnms

in the long term.The Welsh Governmerdasked for this work to enable early review of expected
outcomes.

Plans for Year 2 include:

1 Survey of 90 1km squares

1 Interaction with various conservation / species organisations to identify additional data
sources which can contribute to Glastir impact monitoring

1 Development of methods for the integration of long running monitoring scheme data with
GMEP data and thus reporting of ongoing national trends and legacy of historic agri
environment schemes. Contriban to reporting requirements of a range of national and
international reporting requirements where appropriate.

1 Deployment of mobile greenhouse gas flux towers across grassland types in Wales
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Further modelling applications to evaluate potential outcamef additional Glastir
interventions and the potential for interventions not currently included in the scheme
Exploitation of 3D gaming technology to assess landscape quality and perceptions

Explore tradeoffs and winwins for all 1km squares, test chiiments (Conwy and Plynlimon)
and for Wales as a whole using the LUCI model.

Assess wider benefits of the Glastir Efficiency Grants and perceptions of the Commons
element.

Development and launch of GMEP webg\aril 2014. Development of automated scrifts
enable reporting direct from field capture scripts to a web data portal to be launched in April
2015

Stakeholder and Steering Group meetings and other outreach activities as opportunities
arise.

A full list of milestones and outputs is presenteddppendix 1.5.
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2. Future Scenarios of Potential Glastir Impacts

Anthony, S', Smart, S, Jackson, B, Cooper, IM*, Emmett, B.AandJarvis, $
'ADAS’CEH LancastelyictoriaUniversity of Wellington"CEH Bangor

The Glastir agenvironment scheme provides financial support under Axis 2 of the Rural
Development Pillar (RDP) to farmers in Wales to manage their land in a way that contributes to
combating climate change, improving water and soil management, maintaining and enhancing
biodiversity, managing and protecting the Welsh landscape including the historic landscape, and
creating new opportunities to improve access and increasing the area and management of
woodlands. The Glastir scheme is comprised of an All Wales Entry level elementsadtckssible

to all farmers, an Advanced level element which targets issues of concern-gtefimed priority

areas, a Common Land element, the Glastir Efficiency Grant Scheme aimed at improved resource
and business efficiency and reduced carbon emissjoand a standlone Woodland Creation
element (National Assembly for Wales, 2011). The All Wales and Advanced elements require farmers
to choose from a list of land management options that have the potential to benefit biodiversity,
reduce diffuse pollubn from agricultural land and enhance a wide range of ecosystem services.
Each management option is worth a number of points and farms have to meet or exceed a threshold
to gain entry to the scheme. Entry to the Advanced element is competitive, with farmeeeiving
additional payments providing that management options are selected that address local
requirements for environmental improvement and matitte Welsh Governmentolicy priorities. In

the first two years of the Glastir scheme the scoring prodesshe Advanced element is weighted
towards improved carbon storage and water management.

The scheme land management options and Advanced level selection process are expected to evolve
with changing policy priorities and emerging evidence on the dffeness of options. Computer
modelling of scheme outcomes will be a key decision making tool in this process, and was used in a
guantitative assessment of the impacts of the fetmner agrienvironment schemes that was able

to link modelled pollutant presures with the measured chemical and ecological status of
freshwaters in Wales (Anthoret al., 2012). Computer models synthesise the available evidence and
our best understanding of the state arsknsitivity of the natural environment. They provide an
opportunity to interpolate and project longerm outcomes at landscape scale, allowing policy
analysts to evaluate and rank scheme outcomes relative to targets. Specifically for this programme
of work, they provide estimates of changes in pollutant emissitiag are difficult to measure
directly, for reasons of scale or cost, such as greenhouse gas emissions. Where measurements are
available, they can be compared against model predictions to verify the representativeness of the
monitoring framework.

Most importantly, computer models provide an opportunity to quantify multiple outcomes and
apportion impacts between the many changes in land management associated with a scheme. Many
of the land management options under Glastir have multiple impacts on, for gheanvater quality,
mitigation of climate change, plant communities, and provision of habitat for birds and animals. By
collating outputs from an ensemble of models from the different sciences it is possible to provide a
more complete assessment of the ledits of the Glastir scheme and to identify the most effective
elements, enabling policy makers to explore tramfés and iterate the scheme design faster.

A key objective in the first year of the Glastir monitoring and evaluation programme was therefore

to demonstrate the use of an ensemble of modelling tools to scope the outcomes of representative
Glastir land management options.
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This chapter reports on the application and future potential of computer modelling frameworks to
guantify thepotentialimpact of representative Glastir management options on each of the intended

Glastir outcomes: biodiversity; climate change mitigation; soil and water flow and quality; and
woodland expansion and management.

The intent of this work was to demonstrate the pat&l for an ensemble of models to project the
potential multiple outcomes of management options, for a) provision of estimates of changes in
pollutant emissions and eesystem services that are difficult to measure directly; b) evaluation of
the relativebenefits of individual management options and refinement of the Glastir scheme design
in advance of direct measurements of impacts becoming available; and c¢) quantification of the
multiple benefits that arise from a spatially explicit and systems sere¢es approach to the
targeting of options.

2.1 Achievements in Year 1
i Threemodels (WDHEMP, LUCI and MultiMOVE) with the capability to provide both local and
national projections were set up and augmented as appropriate to calculate the potential
impacts of 6 Glastir land management options using consistent baseline conditions and
scenarios oscheme participatiomsagreed withthe Welsh Government:

Retain Winter Stubbles

Allow Woodland Edge to Develop Out into Adjoining Field

Grazing Management of Openo@try

Grazed Permanent Pasture with No Inputs

Create Streamside Corridor with Tree Planting

Mechanical Bracken Control

1 The models calculated thenpactsof the maximum implementation ofach optionon the
relevant areas of participating farmen plant community structure; connectivity of
woodland habitats; flood generation; nutrient and sediment losses to rivers and lakes;
greenhouse gas emissions; and carbon storage. Not all models were applicable to all
interventions or all outcomesThree scenarios ofoWw, medium and high uptake were
explored and assumed maximum implementation of the relevgptions of participating
farms which it should be noted is likely to significantly overestimate outcomes.

1 Individual Glastir prescriptions resulted in the expectdanges in habitat suitability for 75%
of the 21 plant species modelled, resulting from -ideensification of vegetation
management and changes in soil properties. Significant progress towards target habitat
suitability scores was made within 10 to 23y® of uptake of options.

1 Individual Glastir prescriptions that result in a reduction in farm inputs and overall stock
numbers on farm habitat areas generally delivered small (<1%) national reductions in both
eutrophying and climate forcing pollutant emigss. Local pollutant reductions were several
times greater within Priority Catchments that have large areas of relevant land and are
targeted for scheme enrolment. Change in the overall carbon footprint (which includes
embedded greenhouse gas emissioms)dpecific farms could be as high as 26% (see Section
5.4).

1 Large reductions in national nitrate leaching, nitrous oxide and methane emissions of 5 to
10% were achieved by witmolding nitrogen fertiliser and reducing stocking rate on the
larger improvedgrassland area.

9 Glastir prescriptions to introduce streamside corridors with trees and extend existing
woodland parcels increased the area of woodlandday 10,000ha and national carbon
ai2N)r3S o0& tSaa GKIFYy Mm:>® ¢KSroadéahfgcal spgcied OO0S a a
through increased woodland connectivity was 3 to 12% with a potential reduction in flood
generating land of 1 to 9% due to these two woodland options. The prescriptions also have a
significant potential to reduce the connectivity efodible land to rivers and lakes, and were

=A =4 =4 =8 -8 =9
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projected to reduce eroded soil and phosphorus delivery by up to 15%. Areas generating
high load that move through soils or vegetation with intercepting qualities en route were
often shown to be of less signifitee to the overall water nutrient budget than more
moderategeneration areas with no interception en route to the riveéEmbedded
greenhouse gas emissions resulting from reduced stock numbers and associated fertilisers
with these woodland interventions reed in a 1 to 4% reduction in emissions at a farm
scale (see Section 5.4).

1 The scale of the model results suggests that the cumulative impact of uptake of a number of
Glastir prescriptions can be significant. However, the outputs are based on the agsumpt
of maximum implementation of options across all the relevant land area on a farm and a
range of scientific assumptions embedded within thedels It is expected that the results
presented are a large ow@stimate of impact where there are barriersitaplementation of
an option, such as a loss of productivity resulting from the witkding fertiliser applications
or conversion of pasture to woodlandhere is a critical need fordetailed analysis of the
pattern of option uptake and a survey of taetual changes in farm management to quantify
the limits to uptake and establish the true level of additionality. The planned GMEP Farmer
Practice Survey for 28Wwill inform future model applications.

9 It should also be noted that possible changes in mvihental goods and services outside of
Wales to compensate for any reduction in production within Wales is not accounted for.

9 Future modelling work will prioritise use of the LUCI model to calculate the benefits of
targeted placement of management optisron farm, to maximise the multiple outcomes of
relatively small areas of option uptake; application of the MultiMOVE model to the whole of
Wales; and scoping of the impacts of management options not included in the current
scheme design using the WIERIPmodel for consideration bthe Welsh Government.

2.2 Modelling Frameworks

Three existing modelling frameworks were selected for demonstration purposes (see also Box 2.2.1):
1 Wales Diffuse Pollutant Emission Modelling FramewdMDREMF (ADAS)

1 MultiMOVE(Centre for Ecology & Hydrology (CEH))

1 Land Utilisation and Capability Indicatpt UCI (Victoria University Wellington (VUW), CEH))

The modelling frameworks were selected as they are each capable of quantifying multiple land
management outcomes for Bioversity (MultiMOVE), Climate Change Mitigation (\AHEN®- and
LUCI), and Soil Quality, Water Flow and Quality A&MP and LUCI) (Table 2.2.1). They are each
sensitive to local soil and climate conditions, and have previously been applied in Wales.
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Model Name | Biodiversity Climate Changg Soil and Water Landscape Woodland
Mitigation Flow and Quality | and Historic Expansion and
Features Management
Methane
Emissions, Water Balance;
WDREMF ) Nitrous Oxide | Soil Ersion; i i
(ADAS) Emissions, Nutrient
Carbon Dioxide| Leaching;
Emissions
[Landscape Woodland
Habitat Flood Mitigation, cap Habitat
LUCI . Carbon . . Valuationg .
Augmentation . Soil Erosion, Connectivity,
(VUWICEH) g Sequestration . . Under
Suitability Nutrient Leaching Carbon
Development .
Sequestration
Habitat : o
MUItMOVE | Suitability and Habitat Suitability
- - - and Plant
(CEH) Plant
Abundance
Abundance

Table 2.2.1 Model functionality and the link to intended Glastir outcomes.
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Box 2.2.1 Modelling Frameworks

MultiMOVE¢ CEH (Smast al.,201M)

The modelling frameork is an ensemble of three statistical modelling techniques (Generalised Linear N
Multiple Adaptive Regression Splines and Generalised Additve Models) that are used to predict
occurrence from climate variables, soil pH, soil moisturepced nitrogen ratio and canopy height (Srretral,

201M). These variables define the essential features of the realised niche of each plant species. The er
used to project changes in plant communities based on measurements or projectioasrpétt of changes i
agricultural inputs to soils and the intensity of vegetation removal. The model has also been used tg
changes in response to climate change and air pollution through their impact on these biophysical proper
model isa significant expansion of the climate envelope approaches which fail to capture other abiotic corn
on plant distributions. The MultiMOVE ensemble first produces probability of occurrence values for each
Interpreting these directly is pradinatic because rare species will have a lower maximum probability af
niche optimum than common species simply because of differences in prevalence across the sampled re
in training the models. It is more informative and sensible to use thdefa to estimate the suitability g
conditions for each species on an equal basis for all species. This places the emphasis on the poter
habitat to support the specigkit were in the local species pawld reduces emphasis on outputs as edjmtion

of presence. Modelled change in habitat suitability is therefore reported as percent progressed from a

towards the habitat suitability scores for a target habitat (Van den&elg 2011). (See Appendix 2.3)

Wales Diffuse Pollutant Eissions Modelling Framework ADAS (Anthongt al., 2012)
The modelling framework is an integration of existing policy models for the catchment and nationg
simulation of nutrient, sediment and greenhouse gas emissions from agriculture. The framesaikveloped
for and applied to calculating the impact of the Tir Cynnal, Tir Gofal and Organic Farming schemes unde
LIN22SOG woO2{eaidsSvya [20 oQ F2NJ (KS 2SfakK D2¢g
by application of a range of empirical and process based models including PSYCHIC ¢Daljs2008) for
phosphorus and sediment, and@YCLE, NITCAT and MANNER (Schelkefield991; Lord, 1992; Chambets
al., 1999) for nitrate, and IPCC tier one and twohds for methane and nitrous oxide (Bagggitial, 2006).
Carbon dioxide emissions from energy use on farm are also calculated using the methods and sol
reported by Metcalfe (1996) and Cormack (2000). The models require detailed data on cramdrbaestock
numbers, and fertiliser and manure practices that are sourced from national surveys of farm managem
contributing models have been enhanced and integrated to provide an explicit source apportionn
emissions by pollutant sourceyin area and delivery pathway for farm system types across Wales. Schern
management options result in a percentage reduction again emissions from targeted coordinates. The re
may be trivially calculated if the management option maps directha tmodelled pollutant sourcee.¢g a
reduction in fertiliser nitrogen) or are based on a synthesis of experimental literature and further con
modelling for representative scenarios. The framework links to a librag. 90 changes in land managenhe
(NeweltPrice et al, 2011).

Land Utilisation and Capability IndicatqVUW/CEH (Jacksatal.,2013)
The modelling framework is a secegeheration extension and software implementation of the Polysg
framework described in Jacksa al (2013) LUCI is designed to investigate the impact offisld scale
interventions, tracking impacts of cumulative interventions from farm scale to catchment to regional/ng
scale. It considers both current and potential impacts of land management chargeaoge of single servig
criteria, and also evaluates where tra@lef F & -@MNy &4 gALILI2 NIidzy AGASa F2NJ S
delivery exist. The LUCI services considered in this chapter are 1) broadleaved habitat network conneg
capacity of the landscape to reduce flood water entering streams/rivers; 3) sediment delivery to streams/r
nutrient delivery to streams/rivers (nitrogen and phosphorous); and 5) carbon sequestration. The alg
require as inputs higtresoluion topographical data, soil and land cover information, climate informatior
available at the national scale and (for the purposes of applications such as this) spatially explicit intervent
Climate data and drainage network data further refppredictions. A large number of parameters derived fi
literature and supplemented by expert knowledge where literature studies do not cover all possible comb
are accessed through loaip tables relating individual land cover, land managementsaiiidypes to quantitieg
such as infiliration threshold, erodibility, capacity to store soil carbon, nutrientexgott, [ | / L Qa dz
the ability to exploit; (i) national data for local applications, (i) test impacts ofieddbintervenions and the
impacts beyond the area directly modified, and (iii) to spatially explore-tfisibetween services.
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2.3 General Modelling Approach

The selected modelling frameworks take very different approaches to calculating the baseline state
of the environment and the impacts of land management options. The MultiMOVE framework is
based on statistical relationships between observed abiotic conditions and plant communities. The
WDREMF framework is based on process based models that generally desoriyenenental
processes at field scale, whereas the LUCI framework is based on explicit spatial modelling-on a sub
field scale raster model and explicitly tracks the movement of pollutants from field to farm and
catchment scales. However LUCI does not cengdetail of farm management such as specific crop

or stocking type, slurry treatmentetc., as the WDHEMF modelling framework does. The
frameworks are driven using existing national stratified survey and spatial datasets on, for example,
land cover, sdiproperties and farm practices that allows scaling of outputs to provide catchment
and national scale results.

Details of each framework are provided in Box 2.2.1. Only an overview of the modelling approach is
given here.

2.3.1 Wales Diffuse PollutarEmissions Modelling Framework

The ADAS modelling framework relies on an ensemble of empirical and process based models to
provide an explicit source apportionment of baseline pollutant losses prior to implementation of any
management options. For exampi@odelled pollutant losses are split between losses attributable

to manufactured fertiliser and those resulting from livestock excreta and managed manures.
Management options are then characterised in terms of the percent change in fertiliser inputs and
livestock numbers on typical farms in Wales, and these values used to directly reduce the relevant
baseline emissions from the target pollutant sources, areas and delivery pathways.

Estimates of the magnitude of change in fertiliser and livestock numbers based on the option
prescriptions and results from a Wales Farm PracBiaevey (Anthonget al, 2012) and the British
Survey of Fertiliser Practice (2010). The effects of land use change at field margins following
introduction of riparian buffers andvoodland planting is modelled by comparison of baseline
pollutant emissions under the different land uses. The modefliamework was used to calculate
changes in emissions of phosphorus, nitrate, sediment, nitrous oxide, methane and carbon dioxide.
Changs were reported as absolute quantities of pollutants entering watercourses or released to the
atmosphere, after accounting for any landscape retention. The reductions in pollutant emissions
were calculated for individual river catchments and at natiogales, accounting for neagricultural
sources of pollutants (Figure 2.3.2.1).

2.3.2 MultiMOVE

The MultiMOVE modelling framework relies on an ensemble of statistical models to predict species
occurrence and thence habitat suitability from climate and pmbperties. It is in an earlier stage of
development relative to the two other models and therefore has only been applied in 2 test
catchments in this first year, Conwy and Plynlimon. These catchments were selected as test sites as
they are the subject tdntensive ecosystem services research activity at present and represent
contrasting catchments in both scale and habitat types (Figure 2.3.2.1).
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Water Framework Directive River Catchments
and Locations of Conwy and Plynlimon Catchments
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Figure 2.3.2.1 Water Framework Directive river catchments used for reporting outputs from the ADAS
WalesDiffuse Pollutant Emissions Modelling Framework, and locations of the Conwy and Plynlimon
catchments used to source soils and climate data for input to the MultiMOVE framework.

The framework was applied to scenarios of changing abiotic conditions gedatien height based

on starting values defined to be as ecologically close as possible to conditions found in the two
catchments. Modelling was carried out for 21 common and rare plant species over a period of
between 10 and 23 years for scenarios ofdarse change or reduced agricultural inputs. Species
selected were either dominant species typical of either the starting or target assemblage, or they
were indicator species for the starting or target assemblage.

For each species, habitat suitabilitytive baseline was modelled as a function of measured soil and
climate conditions and vegetation height. For each of the land management options we quantified
the magnitude of change expected in soil conditions and vegetation height (see Appendix 2.4).
Literature searches were used to source experimental evidence for changes in the model input
variables following treatments corresponding to a Glastir management option. Change in habitat
suitability for a species was measured as percent progress from thdinmsswards or away from

the habitat suitability scores for the target habité@martet al., 20(; Van den Bergt al., 2011).
Species, habitats and features expected to benefit from each modelled measure is shown in Table 3
of Appendix 2.5.

2.3.3 LandJtilisation and Capability Indicator (LUCI)

The LUCI modelling framework examines the impact of spatial placement of interventions. It is
processbased where established knowledge and computational constraints peyrat example

the water routing capalties honour physical thresholds such as volumetric constraints, field
capacity, infiltration rate constraintsetc. For other services such as erosion and carbon
sequestration where processes are less well understood, estimates are a combination ofsproces
based knowledge and empirical relationships. All LUCI calculations and valuations are produced at
the resolution of the input digital elevation model (DEMin this case the 5x5m NextMap DEM
product for Wales. This fine resolution is considered the napgiropriate for the water, sediment
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also of an appropriate order for agricultural productivity estimates (which are influenced by
topographical variablessuch as slope and aspect) and habitat connectivity calculations This
resolution is continued for all services to ensure each service valuation is produced at a resolution
consistent (identical) with the other service valuations. This is necessary to tatideroffs and

synergies in provision to be meaningfully calculated.

For this study, baseline model calculations used the CEH Land Cover Map 2007 (LCM 2007) as input,
with average fertiliser and stocking rates assigned based on farm survey data (syedikm@.1). As
scenarios have by definition to be spatially explicit for input to LUCI, and only partialpaideland
management options was assumed for most scenarios (see Section 2.4), a random sampling scheme
was used to assign areas where inteniens were carried out. All eligible areas for interventions

were estimated by analysis of digital maps. Due to time and computational constraints, only single
realisations for each uptake scenario were generated. For more robust treatment, multiple sample
realisations should be generated so the impact of changing placement of interventions can be
meaningfully calculated. Results for the scenario interventions are reported as percent change from
the baseline LCM2007 scenario.

2.4. Representative Land Managent Options and Targeting

Six land management options were selected consultation with James Skates (the Welsh
Government; Scientific Evidence and Assessment Brasaepresentative of the range of options
that could be selected by farm managers fanhancement of biodiversity, control of diffuse
pollution from agricultural land, enhancing soil carbon storage and mitigation of climate change (see
Box 2.4.1):

Retain Winter Stubbles (AWE No. 28)

Allow Woodland Edge to Develop Out into Adjoining FielWlEANo. 24)

Grazing Management of Open Country (AWE No..41A)

Grazed Permanent Pasture with No Inputs (AWE No. 15)

Create Streamside Corridor with Tree Planting (AWE 9B)

Mechanical Bracken Control (AWE .44)

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

Each of the management options is availablelemboth the All Wales and Advanced elements of
Glastir, and theyover 4 of the 5 intended Glastir outcomes. They were selected to cover options
that are narrow and deep.é. few sites expected to receive payments but major outcome expected
e.g retain winter stubbles) or broad and shallowe{ low input grassland with low impact by area
but extensive uptake) (Box 2.4.1).

All of the interventions have a scientific or expert judgement evidence base to them, and each has
the potential to deliver large begfits at the immediate site of the impacted fields:

Delaying cultivation and retaining ovetinter stubbles can reduce nitrate leaching from fields of
spring cereals by 30% (Hansen and Djurhuus, 1997). The interception of surface runoff by a
streamside orridor can reduce soil and nutrient losses from adjacent fields by up to 80% (White and
Arnold, 2009). The extension of woodland edges can double the carbon stock in standing vegetation
(Cantarellcet al., 2011). Achieving sustainable stocking ratesreglire a 45% reduction in present
sheep numbers utilising Open Country land (modelling based on Pakeman and Nolan, 2009),
resulting in a proportional reduction in methane emissions. The-htaling all fertiliser inputs from
grazed permanent pasture wilkduce forage production and grazing cattle numbers by up to 35%
(modelling based on Scholefielet al, 1991), and subsequently nitrous oxide emissions from
fertiliser and manures. Cutting reduces bracken frond abundance, and multiple cuts within agyrowi
season are more effective, and can be as effective as chemical sprays (Steata005).

68



Chapter 2¢ Future Scenarios of Potential Glastir Impacts

Not all of the models were able to represent every management option (Table 2.4.1). Further
evidence for the effect and the assumptions made for the technioplementation of each option
are summarised in Appendix 2.1.

Box 2.4.1 Representative Land Management Options
(AWE 9b) Create Streamside Corridor on Improved Land with Tree Planting
The management option requires the fencing of a corridor of improeed and riparian habita
along both sides of a watercourse that is planted with native broadleaf trees. Livestock are ex
from the corridor that is managed as habitat land. As the corridor matures the tree roots and g
cover of herbaceous plantsiprove soil structure and can be effective in increasing water infiltra
and trapping soil particles, reducing and slowing runoff from the adjacent fields and interce
nutrients and sediment. The wooded corridor may also contribute to stabilifagiverbank agains
erosion and prevents the direct access of livestock and defecation into the watercourse
(AWE 28) Retain Winter Stubbles
The management option requires that winter stubbles are retained in advance of sming crops
rather than ploudping in autumn. The natural regeneration of grasses and broadleaved f
provides a winter habitat for birds and maintaining some ewerter ground cover can provid
protection to the soil from water erosion. Herbicides must not be used, although ghierocan be
rotated around the farm to allow weed control.
(AWE 41a) Grazing Management of Open Country
The management option requires that stocking levels for habitat land designated as Open C
under the Countryside Rights of WAgt (CRoW, 2000)kreducedto levels that allow recovery an
sustainable management. The aim is to prevent vegetation change, loss and soil erosion thg
from overgrazing and trampling of the soil.
(AWE 24) Allow Woodland Edge to Develop Out into Adjoining Fields
The management option requires that an existing woodland parcel be extended out into an img
field. The aim is to expand the permanent habitat for birds and animals, and contribute to ¢
capture.
(AWE 15) Grazed Permanent Pasture with No Inputs
The management option requires that no manufactured fertiliser or organic manures be spre
permanent pasture. The pasture must continue to be grazed to maintain a sward with a ra
heights during the growing season. The aim is to increase plantsidiyereduce nutrient leachin
and contribute to carbon capture.
(AWE 44) Mechanical Bracken Control
The management option requires that bracken be controlled by cutting and rolling rather
spraying chemicals. Bracken management is undertaken to letinef flora and fauna that i
associated and known to thrive with it, or to recover habitats that are in danger of being lost to
bracken encroachment.

Management (28) (24) (41a) (15) (9b) (44)
Option Retain Woodland Open No Inputs | Streamside Bracken
Stubble Edge Country Corridor Control
WDREMF Yes Yes Yes Yes Yes No
LUCI No Yes Yes Yes Yes No
MultiMOVE No Yes No Yes Yes Yes

Table 2.4.1 Management options analysed with the modelling frameworks.
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The effectiveness of the selectddnd management options at catchment and national scales
depends on their relevance to typical cropping and stocking, the opportunity for spatial targeting,
and the achieved level of uptake by farms participating in the Glastir scheme.

2.4.1 Relevance d¥lanagement Options

The relevance of a management option was defined as the maximum agricultural land area to which
the option can be applied. The relevance was calculated using digital maps of the distribution of
agricultural land in Wales:

1 Retain Winter &ibbles¢ The option applies to 24,000ha of spring cereals and oilseed rape.

1 Allow Woodland Edge to Develop Out into Adjoining Fieldhe option applies to 29,700ha
of arable and 570,400ha of improved grassland that is located immediately adjacent to
exiging woodland.

1 Grazing Management of Open Coungyhe option applies to 146,000ha of rough grazing
designed as Open Country.

1 Grazed Permanent Pasture with No InpgtShe option applies to 620,900ha of permanent
grassland receiving some manufacturedoggen fertiliser.

1 Create Streamside Corridor with Tree Plantinthe option applies to 8,300ha of arable land
and 409,200ha of improved grassland that is located immediately adjacent to a watercourse
and has no existing boundary feature.

1 Mechanical Braan Control The option applies to the 284,900ha of agricultural land that is
located in association with stands of bracken.

Figure 2.4.1.1 maps the proportions of agricultural land adjacent to existing woodland or

g GSND2dz2NESa YR NFRS@RAS QU2 yRKSW{ ENHB2 REAIA RS [/ 2
representative management option is relevant to between 30 and 55% of the total areas of arable
(74,200 ha), improved grassland (1,140,800 ha) and sole rights or commons rough grazing
(381,800ha) in Wales.

%Note that the relevant area is the total field area located adjacent to a woodland parcel or streamsid
corridor, and not the smaller area of the woodland extension or streamside corridor that is reported in Welsh
Government statistics as the option area.
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b) Adjacency to Watercourse
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Figure 2.4.1.1 Percent of agricultural land adjacent to a) existing woodland; and b) watercourses
within individual Water Framework Directive river catchments.

2.4.2 Level of Schentearticipation and Spatial Targeting

Although relevant to a high percentage of the agricultural land area in Wales, the impact of the
representative management options is potentially limited by constraints on the level of scheme
participation which in thednger term will be budget constrained. This can in part be -ceene by
targeting participation to areas affected by environmental degradation.

2.4.2.1 Scheme Participation

Three scenarios of participation in the Glastir scheme were constructed basguideline forecasts

of the number of farms in the All Wales Entry and Advanced level elements provided by Kevin Austin
(the Welsh Government; Head of Sustainable Land Management, Agriculture, Fisheries and Rural
Strategy).These scenarios defined the nunthe participating farms in the All Wales and Advanced
elements of the scheme (Table 2.4.2.1.1).

Scenario Entry Advanced Commons (ha)
(No. of farms) (No. of farms)

Low 3,500 1,500 90,000

Medium 4,500 1,800 100,000

High 5,500 2,000 110,000

Table 24.2.1.1 Scenario numbers of farms participating in each element of the Glastir scheme.

There are approximately 25,000 active farm holdings in Wales. The High scenario would therefore
result in 30% of all farms entering the scheme. Farms that have entieecflll Wales element of the
scheme to date have been larger than the average Welsh farm, and so the proportion of the total
managed land area in scheme may be higher. The High scenario is comparable to the level of
participation achieved at the close dfie previous Tir Cynnal, Tir Gofal and Organic Farming
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schemes. Targeting was also arranged by Robust Farm TWa&s( 1993)in orderto maximise the
relevance and uptake of the options for this scoping study (Table 2.4.2.1.2).

Management Option Targe Farm Types Target Priority Area
Water Soil Open Bracken
Quality Carbon | Country Stand
(15) No Inputs CSLFA + GBOW Yes Yes No No
(41a) Open Country CSLFA No No Yes No
(9b) Streamside CSLFA + GBOW +
Corridor DAIRY ves No No No
o CSLFA + GBOW +
éztﬁ%);itm Winter DAIRY + MIXED + | Yes No No No
CEREAL + GENERA
(24) Woodland Edge CSLFA + GBOW Yes No No No
(44) Bracken Control CSLFA + GBOW No No No Yes

Table 2.4.2.1.2 Robust farm types and priority areas used for targediciy @ the representative
Glastir land management options.

2.4.2.2. Spatial Targeting

Participation in the Advanced element is subject to spatial targeting according to policy priorities.
9EOSLIiAY3 GKS wW. NI} O1Sy [/ 2y i N&gententBptidins\vierg Selected S NB LJ
as the Welsh Government has identified them as making a contribution to the current priorities for
improved carbon storage and water management.

The WelshGovernmentin collaboration with a range of stakeholders and governtraggenciesas

defined priority areas for a number of policy themes, including biodiversity, access and water
resources. Of specific relevance to this study, Priority Catchment areas for targeting land
management options contributing to an improvement\Water Quality have been defined (Figure
2.4.2.2.1a). These catchment areas are based on Water Framework Directive (WFD) River Catchment
boundaries. These WFD River Catchment boundaries were usedheitielsh Government maps

of areas prioritised for impneement in Soil Carbon to define equivalent Priority Catchment areas for

Soil Carbon. A provisional map of Open Country was also used to define Priority Catchment areas
F2NJ GKS WDNITAy3a alyl3asSySyid 2F hLSy /[/2dzyyGiNEQ Y
Catchments were designated as Priority Catchments providing that 10% of the catchmeatvarea

lapped with the Soil Carbon or Open Country priority areas providethdéywVelsh Government
(Figures2.4.2.2.b and2.4.22.00 @ C2 NJ W. NI O] &lyalso/ Poyity Qdchnignt aréas RS FA Y
based on the extent of bracken stands mapped by the Phase One Habitat Survey ZHdufed;

(Howe et al. 200p.

For each of the participation scenarios, the All Wales element cohort of farms was distributed
between he WFD River Catchments in Wales in proportion to the number of farms of the targeted
type. The Advanced cohort was similarly distributed across the Priority Catchment areas only. Table
2.4.2.2.1 summarises the achieved levels of participation inside ardide of the Priority
Catchment areas for each management option. The scenario of High participation results in at least
55% of all farms within a Priority Catchment area participating in the Glastir scheme.

® Robust Farm Types: General Cropping (GENERAL); Specialist Cereal (CEREAL); Specialist Dairy (DAIRY)
Mixed Farming (MIXED); Lowland Cattle and SheepQU%); and LedsavouredArea Cattle and Sheep (CS
LFA).
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a) Water Quality b) Soil Carbo
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Figure 2.4.2.2.1. Water Framework Directive river catchments selected to define Priority Catchment
areas for targeting of land management options under the Advanced element of Glastir that are
relevant to the improvement of a) water quality; b) soil carbon storage; ¢) management of Open
Country land, and d) bracken control.
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Management (28) (24) (41a) (15) (9b) (44)
Option Retain Woodland Open | No Inputs| Streamside Bracken
Stubble Edge Country Corridor Control

Water
Priority Area Water Water Open Quality Water Bracken
Quality Quality Country | and Soil Quality Stands

Carbon
Scenario In | Out| In Out Open In | Out In Out In Out

Country

Low 41 | 18 | 51 22 98 37| 22 43 19 45 22
Medium 50 | 23 | 63 29 100 47| 29 53 24 55 29
High 58 | 28 | 73 35 100 55| 35 61 30 65 35

Table 2.4.2.2.1 Percent of farms participating in the Glastir scheme inside and outside of the Priority
Catchment areas, defined separately for each management option and scheme participation
scenario.

2.4.2.3 Aspects of Scheme Targeting Not Implemented

t NPGSOGSR %2ySay ¢KS W{GiNBFKYAARS / 2NNAR2ND 2LJA
Wales because it would be detrimental to the letegm survival of water vole, red squirrel olub-

tailed dragonfly. The Protected Zones have been mapped by the Welsh Government, but were not

used to restrict uptake in this study.

Regional Packages: Farmers entering Glastir and choosing from reduced groups of options specific to

one of fifteen Wdésh regions receive more points per option, thereby making it easier to achieve the

points threshold for eligibility. This may increase the uptake of options with certain regions. The
WhLISYy [/ 2dzyGiNEQ YR W222R{l yR 9RSSIOand LAlirdgdnsa | NB
NBaLISOGAGSt e ¢tKS W{GNBIYAARS / 2NNAR2NR I yR Wt ¢
option groups for 3 regions. No attempt has been made to restrict the pattern of option uptake

based on the Regional Packages in shisly.

2.4.3 Level of Option Implementation

For the scenarios modelled, we assumed that a management option was implemented fully across
the entire relevant land area on a farm. This may be an unrealistic assumption. For example, a
requirement to producesufficient forage for livestock may prevent withholding of all fertiliser
inputs.

TheWelsh Government statistics for farms that have entered the All Wales element were used to
calculate the average field area affected by an option on the farms takmgeach of the
representative land management options. Where uptake of an option was recorded as a lemgth (
streamside corridor)this was converted into an estimate of the adjacent field area. The affected
FNBF&a NIY3ISR FTNRBY nKII2F 2uNIKk K SF 2 W3 202KR5E | WIRS NIYR I/SSy i
options (Table 2.4.3.1).

The average area of permanent improved grassland and arable land on farms in Wales varies from

ca. 30ha for the C&OW toca. 60ha for the DAIRY and -CBA farmtypes (Welsh Assembly
Government 2007. The majority (64%) of farms entering Glastir to date are of theF2Sfarm type.

PLIGE TS 2F GKS Wt SNXI ySyd DNI a & 30% Bf thordlevantyarteddzi 4 Q 2 |
on a typical farm.
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Further work is therefore necessarg tinalyse scheme records of option uptake with respect to
farm land use and to survey actual changes in land management in order to determine actual levels
of uptake on relevant land and to quantify the true level of additionality.

Management Option Affected No. of Area per Customer (ha
Area (ha) Customers

(15) Permanent Grassland No Inputs 22,364 1,274 18

(9b) Streamside Corridor 261 25 10

(28) Retain Winter Stubble 614 53 12

(24) Woodland Edge 145 34 4

(44) Bracken Control 271 35 8

Table 2.43.1 Average area of land affected by land management options on farms enrolled into the
All Wales element of GlastiWelsh Government Statistics, 2013).

2.5 Model Results
The outputs from the modelling frameworks are presented by themes relating tairttesmded
Glastir scheme outcomes.

2.5.1 Biodiversity and Woodland Expansion

The potential for improvement was modelled using the MultiMOVE framework to quantify changes
in the suitability of habitats for plant species and the LUCI framework to quactifynges in
landscape connectivity for woodland focal species.

2.5.1.1 Habitat Suitability for Plant Species

The MultiMOVE modelling framework was used to calculate progression towards levels of habitat
suitability associated with a target vegetation tyfue each land management option and each plant
species. Appendix 2.1 provides details of the assueteghges in soil properties and vegetation

height for the source and target habitasummarised in Table 2.5.1.131Figure2.5.1.1.1 illustrates
theoutpdziT FNRBY (GKS Y2RStX aK2gAy3ad K2g adzidlFoAfAdGe
/2y UNREQ 2LIJiA2ya (GNIXyairAdizySR 0SisSSy GKS &2 dzND
common species, the majority (75%) were consistent with the expectgddmof Glastir. Table
2.5.1.1.12 summarises the projected changes in habitat suitability for all of the representative
management options. Detailed habitat suitability scores for each species and management option
are presented in Appendix 2.83he modelwas used to calculate changes in suitability at the affected

site, using survey data taken from the Conwy and Plynlimon catchments.
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a) Allow Woodland Edge to Develop (AWEcZ3jass to Wood
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Figure 2.5.1.1.1 CEH MultiMOVE model outputs showing relative habitat suitability scores for
selected plant species following a) conversion of improved grassland to woodland; and b) conversion
of bracken to acid grassland. Suitability scores arevahor the source and target habitats, and the
prescription for a period between 10 and 23 years after adoption of relevant Glastir land
management options.

2.5.1.1.1 Common Species

¢KS Y2aid arxayAaAFAOryd 2F GKS 2 LIAY2R/ W {AlyNEBS aYUaAATR S S/F
GKIFIG KIFI@S GKS LRGSYyaGAlrt G2 ONBFGS Iy FTRRAGAZ2YL
scheme participation (Table 2.5.1.1.1.1).
Scenario Woodland Expansion Streamside Corridor
(AWE 24) (AWE 9b)
High 8,300 3,800
Medium 7,000 3,100
Low 5,500 2,500
¢-otftS HPpOMOPMOMDOM bl GA2YyLFE FNBF O6KIFIO 2F g22Rf I

W{GNBFYAARS / 2NNAR2ND YIyl3SySyd 2LiA2ya F2NJ 208

The MultiMOVE projections of community asige from an improved grassland starting point
resulted in an 83 to 100%¢€. complete) progression towards the target broadleaved woodland for
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representative plant species following conversion of grassland (Table 2.52). Pdojected changes

from an aable starting point suggested less progression, reflecting initial soil conditions that are less
like broadleaved woodland. The vast majority of the land area converted will be improved grassland.
On this basis, we estimate that 10,000ha of suitable wawodlhabitat could be created. This
represents 10% of the Welsh Government commitment to achieve a 100,000ha increase in
woodland cover in Wales from the present 14% of the land area tol®02030. However, creation

of a suitable habitat does not guaranteéspersal and colonisation of a newly favourable patch. The
MultiMOVE scenarios were run for 23 years and common sense suggests that less change is likely
over shorter periods. Future model applications should assess the sensitivity of projected
magnitudes of change to the differences in conditions between starting points.
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Species modelled Woodland | Streamside Streamside Low input Low input | Bracken Bracken Bracken Bracken
expansion | buffer buffer grassland grassland control control control control
(AWE 24) | strips (AWE strips (AWE [AWE/ (AWE/ (AWE44/ |(AWE44/ | (AWE44f [(AWE 44/
on 9B) on 9B) on Advanced Advanced | Commaons) | Commons) | Commons) Commons)
Improved | Improved Arable land 15}, sward 15), sward | on Acid on Acid on lowland on lowland
Grassland | Grassland height <10cm height 18 Grassland; | Grassland; | heath; 1 cut heath; 2

on Improved 30cm on 1 cut pa 2 cuts pa pa cuts pa
Grassland Improved Conf/Plyn | Conf/Plyn | Con/Plyn Con/Plyn
Grassland

Rubus fruticosus +83 +83 +27

Fraxinus excelsior +>100 +>100 + 60

Corylus avellana +88 + 88 +>100

Hyacinthoides nescripta +83 +83 +59

Lolium perenne -T (HT

Juncus effusus T (AT

Lotus corniculatus +50 +78

L. pedunculatus +>100 +>100

Lathyrus pratensis (T (AT

Trifalium pratense +>100 +>100

Centaurea nigra + 87 +92

Agrostis capillaris +T/+T +T/+T

Anthoxanthum odoratum +T/+T +T/+T

Vaccinium myrtillus HAT/HT | AT/HT

Viola riviniana -24/-29 -80/-82

Hylocomium splendens +80/+61 | () 56/ (40

Calluna vulgaris +51/+57 | (J8/()8

Festuca ovina +53/+57 +41/+50

Serratula tinctoria -T Nocge T

Stachys officinalis +>100 +>100

Table 25114 /91 adzZ GAah+x9 Y2RSt NBadzZ Ga FT2N) aSt SOGSR L) I yi aUISAAKS aidK SI I CokAl Oy

expressed as a percent pregsion to the habitat suitability associated with a target vegetation. Modelled directions of change are bracketed atid the ce
dark shaded where not consistent with the expected impact of the measure. In cases where the target vegetation defid#ti@mviatiag no percent
LINPANBaaA2y FAIdzZNBE Aa IAGSY o6dzi AyadSFR F WweQ | LIISKNAED
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Glastir measure

Scenario derived from
published evidence

Contributing studies

Woodland expansion

Decrease in pH (.33 units),
increase in C:N ratio (+ 1.01),
increase in cangy height (+
2.32 index point§

Poultonet al.2003 Bossuyet
al. 1999

Buffer strips

Decrease in pH (.33 units),
increase in C:N ratio (+ 1.01),
increase in canopy height (+
3.53 index points)

Poultonet al.2003 Bossuyet
al. 1999

Low input grasland

Decrease in pH 0.50 units),
increase in C:N ratio (+ 0.86),
decrease in canopy height (
1.25 to 2.25 index points)

Olff and Bakker 199 Pywellet
al. 2007; MICROSITESort
2013 (unpublished)

Bracken control

Increase in pH (+ 0.15 units),
increase in C:N ratio (+ 0.2 to

Mitchell et al. 1999; Marrset al.
2007; Coet al. 2007

1.6), decrease in canopy heigh
(-0.25 to 1.6 index points)

Table 2.5.1.1.8. Key modlling assumptions for MultiMOVYBEtudies and final change values.

Canopy heightsiweighted by percentage cover and is included as an index between 1 and 8. For
further details see Smart et al. (2010). Estimates of change for canopy height were obtained from the
Countryside Survey database.

C2NJ 0KS Wt SNXYI ySy i tbécauSedteISladbirdprederpticllzécuies s2shardio? v >
mixed vegetation height to be maintained, projections were run for selected species to a target
canopy heighof either <10cm or between 10 and 30cm. Results were qualitatively similar between
the two senarios but conditions fdrolium perennavere expected to decline for the shorter sward

but increase under the taller canopy height (Table 2.5.12).TThe implication is that greater
disturbance in combination with reductions in nutrient availabilisduce habitat suitability for
Lolium but a taller sward allows it to persist. Since other mesotrophic grassland indicators were
favoured under a taller canopy height the expected persistendeotiimmay not be problematic.
EvidentlyLolium perennés stil a frequent presence even in unimproved hay meadow communities
(Rodwell 199). Theseresults require closer inspection especially since the target conditions
appeared to be more favourable to this dominant of Improved grassland than the Improved
grasslad starting point. The same inconsistently lower suitability in the target than the baseline was
also seen forLathyrus pratensisand Juncus effususProjections for other indicator species of
unimproved grassland were consistent with aideensifying effet of the measure and the scenario

of a reduction soil pH and an increase in soil C:N ratio. Hence habitat suitability was projected to
increase substantially fdrotus corniculatus, pedunculatus, Centaurea nigaad Trifolium pratense

(see Appendix 2.1.

C2NJ GKS W. NIO1Sy /2yiNRfQ 2LIWGA2Y GKS
associated with an acid grassland target and three associated with a lowland heathland target. For
all species modelled, thdirection of change toward an Acigtassland target was consistent with

the reduction in competitive effect of bracken as a result of regular cutting. However the definition
of target conditions requires rassessment since for all excégibla rivinianathe target indicated

lower habitat siitability than the Brackewlominated starting point.
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In the Conwy and Plynlimon, bracken control was projected to increase the suitability of conditions
for the desirable forage grassésyrostis capillariand Anthoxanthum odoratum However,Viola
riviniana was projected to decline in habitat suitability with a reduction in bracken cover. This
species is an important larval foodplant for a number of Fritillary butterfly species although it is
patchily distributed being less common in the more acidic beackssemblages derived from a
previously hard grazed precurs@Rodwellet al. 1991). WhereViola is frequent, the modelling
results suggest that modest bracken cover is in fact more favourable for this species than a
wholesale change to Acid grasslanac8iit is unlikely that the prescription applied over large areas
will eradicate bracken entirely the result may be a more beneficial mosaic of acid grassland and
patchy Bracken dominance.

When applied to a Bracketominated heathland starting point hahkit suitability for all three
modelled species were projected to increase as expected but for the typical hiydesomium
splendensand the desirable heathland domina@alluna vulgaristhis increase was only associated
with one cut per annum. Decreasedtitt suitability was projected in response to two cuts per
annum.

2.5.1.1.2 Rare Species

MultiMOVE provides models for many less common species enabling us to explore whether Glastir
impacts result in a shift to more favourable condition for many speti@at may well be rarely
observed at scheme monitoring sites but nevertheless are known to occur in the local species pool
and so ought to benefit from a shift to more benign abiotic conditions. Driving MultiMOVE by
observed soil data from monitoring sitessociated with the habitats favoured by rare species could
provide a useful indicator of change in conditions for these taxa. We therefore also explored
projections for less frequent but desirable indicator species includdmipioglossum vulgatum,
Serrdula tinctoriaand Stachys officinalig response to low input grassland adasione montanan
response to Bracken control on heathland. Resultsforulgatumand J.montanawere dominated

by large variations in habitat suitability. Hence more work netedbe carried out in defining the
starting and target condition for these specialised plants. ResultS fimctoriaand S.officinalis
showed more promise but again more work is needed to define the target vegetation for both taxa
(Table 2.5.1.1.2)

2.5.1.2 Woodland Connectivity

For broadleaved woodland, both greater overall area and improved connectivity are considered to

0S S02a2adSY YrIyr3aSySyd 202S00A@Sad ¢2 S@Fftdz i
W{GNBI YAARS / 2 NNA R 2 hIealcRlatitnp@doédu® refommdnded ¥ UK Poe§ R
Research (Eycott al,, 2007), a costlistance approach considering maximum estimated dispersal
distances between patches tibitat above a specified area (assumed to be 2ha for this study).
Improved ecogstem service provision is associated with a reduction in the overalidistsince for

any species. The value estimation method first calculates-aissinces for species crossing
unsuitable terrain from each habitat patch, with individual landcover $ygeaving specified
GLISNXYSFOAfAGASAE F2N) 6KS aLISOASa 2F AyuSNBado t
based on studies from focal species in broadleaved habitat in Wales, and the land use in proximity to
those species.
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| Managemenioption | Scenario | Percent (%) @n inaccessible @a |
(9b) Streamside Corridor High 11.7
Medium 9.7
Low 5.9
(24) Woodland Edge High 3.7
Medium 3.1
Low 2.9

Table 2.5.1.2.1 VUW/CEH LUCI model results for the change in the national woodlandessialacc
to broadleaf woodland focal species as a result of maximum implementation of relevant land
management options under scenarios of farm participation in Glastir

Table 2.5.1.2.1 shows that a measurable change in woodland connectivity was achibeed. T
LINE2SOGSR AYLI OG 2F GKS W{GNBIYAARS [/ 2NNAXR2ND

A0SYINA2 SAGAYIGAYT |ty mMmot: AyYyONBLF&S Ay 0084

species. It is unsurprising that the streamside corrioption generally achieves higher connectivity

for a similar area of planting, as the chance of long narrow strips achieving a connection between
established woodland habitat patches is far greater than the chance that a small expansion of
existing habitatill create such a connection. However, the effect of the woodland expansion is still
significant, with a projected increase in accessible area over Wales of 3.7% for the high uptake
scenario. Figure 2.5.1.2displays both the national output for Waleand a closeaup within the
Conwy catchment showing the changing connectivity and opportunity for further habitat expansion
that occurs between the baseline and the high talescenarios.

Legend

I:I 6 by 5km “close-up” area

|:I Conwy catchment outline
- Existing broadleaf woodland

I other prioirity habitat
\:I Habitat establishment possible
I:I Opportunity to extend existing habitat

- Water features

Figure 2.5.1.2.1 LUCI model outputs showing existing broadleaflamabend other priority habitat
areas, along with areas where further broadleaf woodland establishment is possible and where such
establishment will augment accessibility of species in existing woodland. a) shows the baseline
output over the whole of Walashile b) to d) zoom in on a 6 by Skarea within the Conwy for the
baseline scenario (b), woodland expansion scenario (c¢) and the streamside corridor planting (d)
respectively Note the key indicates red = stop as good service being delivered, throggieto=
opportunity to improve service delivery.
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2.5.2 Soil Quality, Water Flow and Quality

The potential for improvement was modelled using the \MEN?F framework to quantify changes in
sediment and nutrient inputs to rivers in the context of-sfpeam arm non-agricultural sources, and

the LUCI framework to quantify changes in sediment and nutrient losses following strategic
placement of options that also maximised the reduction in the area of flood generating land and the
connectivity of erodible land tavers.

2.5.2.1 General Uptake of Land Management Options

The WDFEMF model was used to calculate the impact of land management options on sediment

and nutrient emissions from agricultural land, and place these in the context of thagiecultural

sour@ contribution to total pollutant loads impacting on freshwaters. The scheme scenarios
distributed the option area across all relevant land on participating farms, without any bias towards

critical areas for control of pollutant mobilisation and delive§E OSLJi 6 KSNB G(KS W{
/ 2NNAR2NR 2LIiA2Y NBILdZANBR LI OSYSyild 2F (G4KS 2LIAZ

Figure 2.5.2.1.1 maps the baseline nutrient and sediment emissions arising from agricultural land in
Wales, calculated by the WEHBRF framework. Total emissions of nitrate are 34.38kt, of phosphorus
are 0.73kt and of sediment are 320.38kt (Table 2.5.2.1.1). Agriculture is calculated to contribute 42%
of total phosphorus, 85% of total nitrate and 62% of total sediment emissions tos rared lakes

when including estimates of inputs from nagricultural sources including sewage effluent
discharges, river bank erosion and urban and road runoff (Antebay, 2012).
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a) Nitrate Emission b) Phosphorus Emission ¢) Sediment Emigm

Figure 2.5.2.1.1 ADAS WERIF modelled annual total a) nitrate; b) phosphorus; and c¢) sediment emissions from agricultural land in Wales within each
Present Day Modelled Phosphorus Emission Present Day Modelled Sediment Emission
from all Agricultural Land Including Commons from all Agricultural Land Including Commons

Present Day Modelled Nitrate Emission
from all Agricultural Land Including Commons
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Water Framework Directive river catchment. The pollutant loads are averaged over the total agaidalid area including common land (Anthony et al.,

2012).
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| Agricultural Pollutant | P | N | w7 |
Pollutant Loss (kt) 0.73 34.38 320.38
*Pollutant Load (kg h9 0.46 21.53 200.64

*Load is expressed per hectare of all agricultural land inclusihg) ights and commons rough grazing.
*Sediment load is the mineral component of soil erosamly,i.e. excluding organic matter.

Table 2.5.2.1.1 ADAS WEERIF modelled baseline national total sediment and nutrient emissions
from agricultural land, prior tomplementation of any of the representative land management
options.

/[ 1 fO0dzA I GSR Yyl GA2ylf NBRAZOGAZ2Y A AY ydziNASYyd vy
W ATKQ aO0OSYyINRA2a 6SNB Ay LINPLRNIAZ2Y (2 TieKS f
achieved local reductions in pollutant emissions reflect the relevance and spatial targeting of the
2LIA2y&ad ¢KS WwSGFAY 2AYyGSNI {(Gdoof SaQ KIFa | NBt
catchment scale (<2%) that is confined to the Wddshders and coastal areas of arable cropping
(Figure2.5.2.1.2). TheW/ NBI S { G NBFYaARS /2NNAR2ND 2LWGA2Yy I (
of up to 10% (Figure 8b) that are focussed within the Priority Catchment areas for Water Quality
improvements6 CA 3dzZNB H &n ®dH dH dMO P ¢KS Wt SNXYI ySyd t | addzN
up to 16% in areas dominated by cattle and sheep farms (Figure 2.5.2.1.2c).

U ¢

1)

The maximum local reductions for the options are between three and seven times the national
averagereductions listed byTable 2.5.2.1.2Thespatial targeting does not have a large impact on

overall pollutant reductions, in the sense that reductions are not targeted in catchments where
baseline emissions are higher than the national average. Hemvéve targeting results in pollutant

reductions within the Priority Catchment areas that is up to 50% higher than if scheme participation

KFR 0SSy S@Syteé RAaAUGNAROGIzASR | ONR&aa 21fSad ¢KS 0l
b2 Ly Lldriad Qe cBrbindd Water Quality and Carbon Storage priority area covers a greater
proportion (66%) of the total agricultural land area than does the Water Quality priority area alone

(32%).
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| Management Option | Scenario | P | N | z |

(28) Retain WinteStubble High 0.23 0.39 0.45
Medium 0.20 0.33 0.37

Low 0.20 0.27 0.30

(9b) Streamside Corridor High 2.69 0.95 3.16
Medium 2.24 0.79 2.63

Low 1.79 0.63 2.10

(24) Woodland Edge High 0.47 0.37 0.37
Medium 0.39 0.31 0.32

Low 0.31 0.24 0.25

(41a) Open Country High 0.43 0.52 0.40
Medium 0.42 0.51 0.38

Low 0.41 0.50 0.36

(15) No Inputs High 1.35 7.29 0.00
Medium 1.15 6.18 0.00

Low 0.89 4.82 0.00

Table 2.5.2.1.2 ADAS WABRIF modelled percent (%) reductions in naticgealiment and nutrient
emissions from agricultural land as a result of maximum implementation of representative land
management options under scenarios of farm participation in Glastir.

The percent reductions in national emissions achieved by the manageoptions (<1 to 8%) are
considerably less than the site level impacts of up to 80% that can be achieved. This is a reflection of
the maximum level of participation in the Glastir scheme by targeted farm types (38 to 61%) and the
proportions of fields meting relevancy criteria such as the 50% of fields adjacent to a watercourse
that limited uptake. These two factors alone reduce the maximum national impact of the
W{GNBI YAARS / &aRMNGORBeNIER ledelifipact y (0 2

Just as critical was thepportionment of pollutant emissions between farm types, source areas and

delivery pathways. The modelled baseline source apportionment of agricultural pollutant emissions

Table 2.5.2.1.3a shows that only 60% of total nitrate leaching occurred on theAGHd CEOW

FINY GelL)Sa GKFd ¢l a I RRNBaaSR o0& GKS Wt SNXYIFySyi
that only 60% of the total sediment loss occurred on improved grassland that would benefit from
AYLIE SYSYy Gl GAz2zy 27T K S, did Tale215.7.5.3¢c st 30%0NNA rReghdli® 2 LG /
emissions were from dairy animals and unaffected by changes in pasture area and beef cattle and
AKSSL) ydzYoSNE dzy RSNJ 6KS W2 22RflFyR 9R3ISQ 2LIA2Yy D
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a) Retain Winter Stubble (28) b) Create Streamsideorridor (9b) c) Permanent Pasture No Inputs (15)
28 High : Percent Reduction in Total Phosphorus 9b High : Percent Reduction in Total Sediment Loss 15 High : Percent Reduction in Total Nitrate Loss
Loss from All Agricultural Sources from All Agricultural Sources from All Agricultural Sources

Percent (%) Percent (%)

Figure 2.5.2.1.2 ADAS WBRIF modelled percent reduction in total pollutant emissions arising from agricultural sources, as a result of full impdementa
of land management options undé&rK S W1 A 3KQ AO0OKSYS LI NOAOALI GA2y aOSYINR2Y |0 LYLI OO 27
W/ NBFGS {NBFYaARS /2NNAR2ND 2y &aSRAYSyld SYAaaiazyaT yR OO0 LYLIOG 27F W
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a) Farm Type

| Farm Type N [P |Z |
POULTRY 27 08 [<0.1
CEREAL 1.9 |18 |28
GENERAL 1.0 |07 |10
HORTICULTURAL 02 [02 [o04
PIG 02 [02 |01
DAIRY 31.4 [19.2 [117
CS LFA 49.6 | 66.3 | 74.0
CS LOW 92 |74 |56
MIXED 38 |34 |44

b) Source Area

| Area Type IN [P |Z \
Arabke 109 (7.8 |12.6
Grass 82.7 | 73.2 | 58.6
Rough Grazing 5.2 144 | 28.8
Other 12 |46 |00

*Qther includes farm hard standings

c) Source Type

| Source Type IN [P |Z \
Dairy Animal 185 | 8.4 0.0
Beef Animal 21.2 | 118 | 0.0
Sheep Animal 16.0 | 8.8 0.0
Pig Animal 0.2 <0.1 | 0.0
Poultry Animal 3.0 0.8 0.0
Fertiliser and Chemical 19.8 |83 |0.0
Soil 21.3 | 61.9 | 100.0

d) Delivery Pathway

| Pathway Type N [P |Z \
Surface Runoff 10.8 | 40.3 | 61.3
Preferential / Drain Flow 11.7 | 43.6 | 38.7
Leaching 76.8 | 10.7 | 0.0
Gaseous 00 |0.0 |0.0
Direct Input 0.7 |55 |0.0

Table 2.5.2.1.3 ADAS WEBPRIF modelled percent (%) of national total baseline sediment and
nutrient emissions arising from agricultural land in Wales, a) by farm type; b) by source area on farm;
c¢) by general source typand d) by delivery pathway.

The highest national reduction achieved was a 7% reduction in nitrate leaching following uptake of

0KS Wt SNXYIFyYySyd tlFaddaNBE b2 LyLdziaQ 2LXiA2ysE o0SYyST.
the effect) as well as theeduction in fertiliser inputs. The second most effective option was the
W{GNBI YAARS /2NNAR2NR 0SOldzasS 2F AdGa adz2NFI OS N
phosphorus and sediment losses by up to 3%. This can be compared to the lower (€GusH)ns

I OKAS@PSR o0& GKS aAraYAfINIe LXIFIOSR w222RflyR 9R3S
O LI OAGe +a AlG s61+a +y SEGSyarzy G2 SEA&AGAY3T 62
{Gdzoot SQ 2LJiA2y 0SSOl dzildd réldive okgsslant, levder in theNidvland2 I N
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areas of Wales. However, this option achieved the greatest reduction in nutrient and sediment
emissions of all the options on the fields directly affected by the option. Nitrate leaching losses were
reduced ly 15 kg N haand sediment by 160 kg Z has a result of delayed cultivation and retaining
overwinter soil cover.

2.5.2.1.1 Impact on Total Pollutant Loads

The achieved pollutant reductions contribute to a direct improvement in water quality initste f
order streams and ditches immediately dowtream of the agricultural fields within each Water
Framework Directive river catchment. To assess the significance of the reductions for water quality
on the main river stem requires integration with and agwlation of nonagricultural pollutant

loads from headvater to catchment outlet.

Agricultural land is estimated to contribute only 42% of total phosphorus emissions to rivers and
lakes in Wales. Other important sources are river bank erosion (5%), arwhnoad runoff (6%),
sewage effluent (41%) and septic tanks (4%). These sources have been mapped by the Wales Diffuse
Pollutant Emissions Modelling Framework, based on a number of empirical models and registers of
licensed discharges. Agriculture alsmtibutes 85% of total nitrate and 62% of total sediment
emissions nationally (Anthoret al., 2012).

Figure 2.5.2.1.1.1a maps the agricultural contribution to the baseline total phosphorus load within

each river catchment. Figure 2.5.2.1.1.1b maps thduotion in the agricultural phosphorus load
Ff2yS GKFEG NB&adzZ Ga FNRBY TFdzZ f AYLIE SYSyGlrdAzy 27
river catchment. This is contrasted with Figure 2.5.2.1.1.1c that maps the reduction in the
accumulated phosphosruload from both agricultural and neagricultural sources. The achieved
reductions in accumulated phosphorus load impacting on water quality are generally lower,
especially on the coast and borders of Wales. These example outputs are presented asalustra

the WDRO9aC Y2RSffAy3d FTNIVYSE2Nl Qa OF LI oAfAGe G2 LI
contributions from other sectors and the need to considerstigam pollutant contributions when

assessing the environmental significance of local rédns in agricultural pollutant emissions.
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a) Percent agricultural contribution.

Percent Agricultural Contribution to Total Loss of
Phosphorus from All Sectors (Agri and Non-Agri)

Percent (%)
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b) Percent reduction in agricultural load

9b High : Percent Reduction in Total Phosphorus
Loss from All Agricultural Sources
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¢) Percent reduction in total accumulated load

9b High : Percent Reduction in Accumulated Loss of
Phosphorus from All Sectors (Agri and Non-Agri)
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Chapter 2¢ Future Scenarios of Potential Glastir Impacts

2.5.2.2 Strategic Placement of Land Management Options

The LUCI model was used to calculate the benefits of strategic placement of land management
options to reduce the area of flood generating land and the connectivity of highly erodiize &nd

the subsequent impacts on sediment and nutrient inputs to rivers.

¢FrofS HOPpDOPHDPHDOM PaK2ga (GKS OFft OdzZ I SR NBRdAOGAZ2Y
/ 2NNAR2NR FYyR W222RflFYR 9R3IASQ YI yl I3Sheaydor 2 LIGA2Y
surface runoff by introducing a buffer or break in connectivity between runoff producing fields and

the river system. For the case of flood generation, the reduction in area can be interpreted as
generally reduced flood peaks for small catchmeartsl reduced overall flood volume for larger
catchments. Large calculated reductions in connectivity of erodible lemd %) resulted in similarly

large reductions in sediment (14%) and phosphorus (8%) delivery, but were less effective in
controlling nitate (1%) because the surface runoff pathway is much less important for this pollutant.

¢KS W{ONBIYAARS /2NNAR2ND 2LJiA2Yy gl a Y2NB STFSC
O2yaSljdsSy0S 2F [!/LQa F20dza 2y LO® Backs thik tiadspoft LI | O
and accumulation of water, sediments and chemicals, it takes account of areas of land with high
storage and/or high infiltration capacity, which have the capacity to mitigate floods, trap sediment

and (at times) modify nutrient ddgets. e flood, sediment and nutrient models all focus on the

YIda RSEAGSNBR (2 GKS NAGSNI ySig2N]l = FyR GKS W{
buffer / break in connectivity to the river of significant proportions of arable and imgtarassland

areas, primary generation areas for flooding, sediment, nitrate and phosphorus.

Management Scenario | Reduction| Reduction | Sediment N P
Option in flood in reduction | reduction | reductio
generatin | Connectivit (%) (%) n (%)
g land (%)| y of Highly
Erodible
Land (%)
(9B) Streamside High 8.8 6.7 14.3 1.1 8.2
Corridor Medium 7.9 5.8 11.9 0.9 6.4
Low 6.3 4.4 8.1 0.7 3.9
(24) Woodland High 1.7 1.5 3.5 0.9 2.3
Edge Medium 15 1.3 2.8 0.7 1.6
Low 1.2 1.2 2.1 0.4 1.1
(41A) Open High - - - 1.6 2.9
Country Medium - - - 1.4 2.8
Low - - - 1.4 2.8
. High - - - 8.2 5.6
15 (Nonputs) = dium i i i 6.7 3.9
Low - - - 4.9 2.6

Table 2.5.2.2.1 VUW/CEH LUCI model results for percent change in the national area of flood
generating land and the connewitiy of highly erodible land to rivers, and the associated reductions

in sediment and nutrient pollutant emissions to water bodies across the whole area of Wales
F2ff26Ay3 dzdiF 1S 2F aStSOGSR -DEAARMOW (f S afcRi KYS NE 3
uncertainty in the supporting parameterisations/scientific knowledge to infer magnitude or direction

of change.

Figure2.5.2.2.1maps flood generation and opportunity to reduce it over Wales. Interpretation of

the national results can be difficult due the fine scale (5 by 5m resolution) that LUCI runs at, with
large accumulation of mass often only visible at finer scales. Figure 2.5.2.2.1a and b show the
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Chapter 2¢ Future Scenarios of Potential Glastir Impacts

national picture and a map of the Conwy. Figures 2.5.2.2.1c to 2.5.2.2.1e zoom in on a small are
within the Conwy, and demonstrate how maps and opportunity changes between the baseline and
2LIGA2Y AYLX SYSyiGlraAaz2yad ¢KS OKFy3aSa o0SisSSy
particularly striking, with the corridor planting providing mitigatito very significant areas in the

(@]}

aSt SOGSR 122Y NBIA2yd ¢KS OKIFIy3aSa FNRBRY GKS ol

striking, but still evident on close inspection.

Legend
- Mitigating land

|:| Negligible “fast flow” concentration

I .5t flow” concentration §
|:| High “fast flow” concentration i 5

Figure 2.5.2.2.1 LUCI model estimates of flood mitigating land versus Boedatjng land, with the

latter divided into three classes: 1) areas accumulating insignificant water or routing through areas
of mitigation before they reach the stream, 2) awmitigated high water accumulation areas, and 3)
non-mitigated very high wateaccumulation areas, based on soil, vegetation class and topographical
routing. a) and b) show output for the baseline scenario for the nation and for the Conwy catchment
respectively, while c), d) and e) show a clasen the Conwy catchment for the bésel scenario,
Option24, and Option 9B respectiveNote the key indicates red = stop as good service being
delivered, through to green = opportunity to improve service delivery.

The changes in sediment, phosphorus and nitrate loading similarly needviewed at a local scale

for the differences between scenarios to be evident. Figure 2.5.2.2.2 focuses again on a small region
in the Conwy, showing nutrient loading and accumulation in the selected region (Figure 2.5.2.2.2 a
and 2.5.2.2.2 b), along withater (Figure 2.5.2.2.2 c) and sediment accumulation (Figure 2.5.2.2.2d).

It demonstrates the importance of considering not only nutrient loading at individual points in the
landscape (e.g. phosphorus loading in Figure 2.5.2.2.2 a), but also the accumotdtiading in the
landscape as it travels towards the water bodies (Figure 2.5.2.2.2 b). Areas generating high load that
move through soils or vegetation with intercepting qualities en route can often be of less
significance to the overall water nutrieftudget than more moderatgeneration areas with no
interception en route to the river
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Chapter 2¢ Future Scenarios of Potential Glastir Impacts

Figure2.5.2.2.2a) LUCI model estimates of phosphorus loading contributed at individual points in the
landscape based on soil, vegetation class, stocking ratefemitiser input; b) accumulation of
phosphorus loading in the landscape; c) flood accumulation in the landscape and d) sediment
loading. For a) and b), green denotes high loading (or accumulated loading) while red denotes low
loading/accumulated loadingror ¢) and d), red denotes land with capacity to reduce transport of
fast flowing water or sediment to water bodies, green areas are target areas for change to reduce
such water or sediment loading, and orange denotes land that neither provides sigrpfictttion

or has capacity to be easily changed to provide such protection.

The LUCI framework was also used to calculate the changes in nutrient losses resulting from
NBRAzOUGAZ2Yy&d AYy FSNIAEAASNI dzZAS | yR f dneéhSPRasi@e®d Y dzY o ¢
LyLldziaQ 2LIiA2ya 0¢lo0fS HOPpOHDPHOMODP ¢KS Wt SNXYIyYyS)
provided the greatest reduction in nitrate loading of the four modelled scenario options; consistent

with the intent of the specific optio and with the WDHEMF model results. The calculated
reductions in nitrate were more similar to the WIERMF model results than the sediment and
phosphorus predictions, as the majority of nitrate losses aresuface and therefore less sensitive

to option placement.

2.5.2.3 Comments on Similarities and Differences between -BEWIHFP and LUCI Modelling
Frameworks Estimates

In general, the three modelling frameworks used have limited overlap in environmental measures
considered, but in the case of the wateuality and sediment the WBDBMF and LUCI models do
produce results that can be compared. The overall message from both frameworks for these
environmental measures is similar; that impacts are generally positive, but that the magnitude of
impacts on any sgie measure is not remarkable, with change generally of the order of 1 to 10% at
national scale. However, at least for the admittedly limited set of interventions and environmental
measures considered, the cumulative impact over multiple outcomes becoroes significant.

LUCI projects a greater magnitude of change versus the-BNDFP model. This is assumed to be a

consequence of two main differences. Firstly, the \AEMPF model considers detail on emissions
from a wide range of farm practices and acknowges indirect impacts on emissions as well as
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direct changes, including phosphorus from soil; LUCI only considers the direct impacts of stocking

and fertiliser changes so therefore is biased towards (ege1phasising outcomes relating to these
measures. Smndly, LUCI explicitly recognises the spatial placement of interventions, and therefore

often predicts very significant impacts from interventions that intercept or interrupt flow of water,
ASRAYSY(dl | yRk2NJ OKSYAOI f -KXIf & Zwhilft N\BDVEME méaEuRs | NB | &
connectivity as a statistical measure of the whole landscape and in its current form does not
calculate the benefits of targeted option placement under scenarios of partial rather than complete

uptake of a management option on theslevant land area. This explains the most significant
difference between the two frameworks; the inconsistency between the streamside corridor
predictions.

2.5.3 Climate Change Mitigation

The potential for improvement was modelled using the LUCI framewmuantify the change in
carbon storage following habitat creation, and the WBRF framework to quantify the change in
greenhouse gas emissions following change in farm inputs and livestock numbers.

2.5.3.1 Carbon Storage

The LUCI carbon sequestrationodel component seeks to identify specific areas of the landscape
that are prone to carbon losses and could be protected, as well as those that have potential to be
modified to store additional carbon. Increased carbon sequestration is identified witmpnoved
ecosystem service. Figwé.3.1.1. shows the carbon opportunity maps for Wales under the
baseline (LCMXD7) scenario. Figure 2.5.3.Jalmaps estimated carbon levels based on the IPCC tier

1 protocols (IPCC, 2006), consideraggbon in above gund biomass, below ground biomass, dead
wood, litter, and soil carbon based on input soil and land cover information. Figure 2.5.3.1.1.b maps
expected change in carbon levels once the land use/management regime has been in place long
enough for the carborfluxes to be at equilibrium. It therefore identifies where the current
management regime is likely to be either significantly decreasing or augmenting stocks of soil carbon
left by previous regimescorrelating to probable emissions or sequestration 6 €spectively.

b)

Carbon loss/gain

- High sequestration
- Some sequestration
:l Near steady state
4?‘- Some emission/loss
”Ij High emission/loss

- Water bodies

N

Carbon Stock kg/ha
High : 1200

Figure 2.5.3.1.1 LUCI carbon model outputs showing existing carbon stocks and estimate of direction
and magnitude of change in carbon stocks as the current management regime moves towards an
equilibrium. a) shows the stock estimate ottee whole of Wales, while b) estimates whether the
stock is gaining, losing, or steady state under the current management regiote. the key
indicates red = stop as good service being delivered, through to green = opportunity to improve
service delivery
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¢l 6f8 HOpPoOMOM AK26a GKS OFfOdtFGSR AyONBl&as A
W2 22Rf YR 9R3ISQ A0SYI NAR2a&3X 4 KA OK,eQissibddB\thougs a & 2
the increase is small nationally, it is relatively significgiven the small area actually modified,

reflecting that the areas targeted (improved grassland and arable) have generally low soil carbon so
GKS AYLI OG 27F g22RflYyR LIXIylGAy3d Aad LRAAGADSD b
/| 2dzy G NB Q VISH/RI WtlSNMENS b2 LyLldziQ &aO0SylFNR2aX & f
the impact of such measures on soil carbon.

| ManagementOption | Scenario | Percent (%) Increase Stored Carbon |
(9b) Streamside Corridor High 0.52
Medium 0.43
Low 0.36
(24) Woodland Edge High 0.41
Medium 0.36
Low 0.30
Table 2.5.3.1.1 VUW/CEH LUCI model results for the change in the national carbon storage resulting
FNBY ONBlFGAZ2Y 2F ¢22RflFyR KFEOAGFEG +Fa F NBadz d

CorfR2NXDR FyR W222RflyR 9R3ISQ fFyR YIyYylF3aSYSyd 2LIJA
Glastir.

2.5.3.2 Greenhouse Gas Emissions

The WDFEMF model calculated greenhouse gas emissions arising on farm, excluding embedded
emissions in farm inputs. Figu®5.3.2.1 maps the baseline greenhouse gas emissions arising from
agricultural land in Wales, calculated by the WEMAF framework. Total nitrous oxide emissions are
9.20kt and methane are 131.99kt (Table 2.5.3.2.1). Methane and nitrous oxide are eachsibEpo

for ca. 45% of the total offarm greenhouse gas emissions (when expressed as) @@d carbon
dioxide from energy usage the remaining 10%.
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a) Nitrous Oxide Emission b) Methane Emission ¢) Carbon Dioxide Emission

Present Day Modelled Carbon Dioxide Emission
from all Agricultural Land Including Commons

Present Day Modelled Methane Emission
from all Agricultural Land Including Commons
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Figure 2.5.3.2.1 ADASDREMF modelled annual total a) nitrous oxide; b) methane; and c) carbon dioxide emissions from agricultural land in Whales withi
each Water Framework Directive river catchment. The pollutant loads are averaged over the total agricultural land aieg twtution land (Anthony et

al., 2012).
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| Agricultural Pollutant | N ,0 | CH |  =CO, |
Pollutant Loss (kt) 9.20 131.99 622.01
*Pollutant Load (kg h9 5.76 82.66 389.54

*Load is expressed per hectare of all agricultural land inclusihg) ights and commons rough grazing.
**|Includes indirect emissions from leached nitrate.
***On -farm energy usage only.

Table 2.5.3.2.1 ADAS WEBPRIF modelled baseline national total greenhouse gas emissions from
agricultural land, prior to implementation ohg of the representative land management options

Calculated emissions of methane and nitrous oxide are largely determined by animal numbers and
forage production rather than fertiliser inputs (Table 2.5.3.2.2a and 2.5.3.2.2b). Although the
relevant landl NBI & F2NJ 0KS W{GNBIFIYaARS /2NNAR2NID I yR
reductions in forage area and livestock numbers due to daké on the option area were a
YFEEAYdzZY 2F w (G2 m: |G aAridsS t S@St & { rovesdltindt 8 2 (K
reduction ofca. 230,000 ewes that represented onta. 4% of the total number of adult sheep in

Wales (see Appendi®.1). The maximum farm level reduction in livestock numbers following
withholding of fertiliser nitrogen from permanent grds$ Y R dzy RSNJ G KS Wt SNXI yS
LyLldziaQ 2LJiA2Y gt+a SadAYFGiSR G2 0SS mMp:d |1 26SOSND
option across all fertilised pasture on a farm. Analysis of scheme uptake statistics indicated that
uptake is unlikelyo be more than 50% of the maximum relevant land area.

a) Farm Type

| Farm Type [NO [CH [CQ ]
POULTRY 09 |05 |<01
CEREAL 1.1 |0.0 |49
GENERAL 05 |<0.1]|21
HORTICULTURAL | <0.1 | 0.0 | 0.3
PIG 0.2 |<0.1|0.2
DAIRY 24.3 | 35.8 | 23.7
CS LFA 59.9 | 52.1 | 50.2
Ca.OW 99 |94 |129
MIXED 31 |22 |56

b) Source Type
| Source Type INJO [CH [cqQ |

Dairy Animal 83 | 295 |14

Beef Animal 159|334 |1.2

Sheep Animal 19.4 | 36.5|0.2

Pig Animal 0.1 |<0.1|<0.1

Poultry Animal 10 |05 |<0.1

Fertiliser and Chemical | 12.8 | 0.0 | 25.6

Soil 425|100 |714

Table 2.5.3.2.2 ADAS WABRIF modelled percent (%) of national total baseline greenhouse gas
emissions arising from agricultural land in Wales, a) by farm type; and b) by general source type.

As a consequence, these management apsi could not result in reductions of greenhouse gas

emissions greater thaoa.5% nationally, and the scenario levels of participation in Glastir resulted in
calculated actual reductions that were generally less than 1 (Table 2.5.3.2.3). Reductions in
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cdculated carbon dioxide emissions were also generally small (<1%), but the framework did not
account for embedded emissions associated with the manufacture of fertiliser. See Section 5.4 for a
farm-level analysis which includes these embedded losses. Xdepton was an 8% reduction in-on

FINY SYA&daAz2ya NBadZ SR TNRY gAGKK2fRAYy3 Fftf TS
LyLldziaQ 2LJGA2Yy S NBadzZ GAy3 Ay FSESNI NI OG2NI 2 LISNT

| ManagementOption \ Scenario | N,O \ CH \ cQ |

(28) Retain Winter High 0.06 0.00 0.00
Stubble Medium 0.05 0.00 0.00
Low 0.04 0.00 0.00

(9b) Streamside Corridor High 0.39 0.33 0.28
Medium 0.33 0.28 0.23

Low 0.26 0.22 0.18

(24) Woodland Edge High 0.54 0.49 0.56
Medium 0.46 0.41 0.47

Low 0.36 0.32 0.37

(41a) High 0.74 1.36 <0.01
Open Country Medium 0.73 1.34 <0.01
Low 0.71 1.30 <0.01

(15) High 7.22 4.44 7.74
No Inputs Medium 6.12 3.76 6.56
Low 4.77 2.94 5.11

Table 2.5.3.2.3 ADAS WEBRIF modelled percent (%) reductions inioval greenhouse gas
emissions from agricultural land as a result of maximum implementation of representative land
management options under scenarios of farm participation in Glastir.

2.6 Discussion and Next Steps

2.6.1 MultiMOVE

The MultiMOVE model prefted large changes in habitat suitability scores towards the target values
for selected plant species over a period of 10 to 23 years. The model outputs are interpreted as
changes in habitat suitability rather than changes in probability of a speciesllgcticcurring.
However, we are more generally interested in whether the changes in habitat suitability could be
realised as actual changes in species abundance. Although all of the species selected in this
exploratory analysis were all present in the wid®x10km square species pool this is still likely to be
limited by dispersal constraints. These constraints are likely to be especially important where
population sizes are small and where species are inherently poor dispersers such as ancient
woodland indicators (Kimberleyet al 2013) and stresdolerant perennial forbs of unimproved
grassland Verkaaret al 1991). The consequence is that Glastir impacts may result in a more
favourable mosaic of ecological conditions but unless enough of the intervenitigxnis made
favourable, small existing populations are made bigger and dispersal is assisted, then many species
may only reach these patches over very long timescales if at all. More common and widespread but
nonetheless desirable indicator species akelyy to be more responsive. Most responsive of all will

be species that arin situin the patches of habitat subject to intervention.

Both the size and shape of targeted areas will also have a bearing on whether managed changes in
conditions trantte into observed changes in species abundance. Larger areas of uptake will
constitute a bigger target for dispersal and, for a given perimeter:area ratio, will have lower edge
effects. In many situations large edge effects and exposure to enricheaffuwill slow the
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expected change to less productive higher C:N and lower pH conditions. Again both the literature
evidence and the modelled projections suggest that appreciable changes in soil and then in
vegetation require a long term perspective. The miegiid effects are likely to be where dispersal
limitation is absent such as for treend shrub species associated with planted buffer strips and
woodland expansion. The effects on herbaceous species grawisgu will vary. Shaddolerant
indicators ofunimproved grasslands can be buffered by increasing woody species cover but shade
intolerant species are unlikely to prosper (Smetral 2006). Shad¢olerant wetland species and tall
herbs of the riparian edge are also likely to benefit from the estairient of a new 3.5m wooded
buffer strip and if already present will obviously be less restricted by dispersal limitation yet may
have to contend with the competitive effects of other nitrophilous tall herbs particularly where edge
effects expose the buffestrip to nutrient surpluses from adjacent farmland.

2.6.1.1 Next Steps

Although only applied to the Conwy and Plynlimon catchments for this study due to resource
constraints, the MultiMOVE model can be applied at any scale at which input data is a&vailabl
Projections will vary spatially at the 5x5km square scale since this is the scale at which climate data
were used to train the niche models. Other inputs are essentially translated by the models into
points in ecological niche space.

Our next key objetive is therefore to apply the model to the whole of Wales, and explore whether
regional soil status and climate conditions significantly affect progress towards target species for
each management option. One approach to thissepling would be to geneai& habitat and land

class specific values of soil input data from GMEP plots and then to match these plots with their local
climate data. Then input data could be drawn from these distributions for each combination ef land
class and climate. The result wdbe a census map of projected change for a species list with a
spatial structure defined by landass boundaries and climate gradients within each delads.
Projected census maps could then be readily analysed within the LUCI platform alongsitherits ot
output layers.

2.6.2 Wales Diffuse Pollutant Emissions Modelling Framework

Overall, the impacts of the individual management options calculated by the ADASEWDP
modelling framework are similar to those calculated in other modelling studiekffose pollution
control, with the majority of options having small effects at national scale (see, for example,
Anthonyet al, 2012, MacLeockt al., 2010). The resultare positive, but large and consequential
reductions are achieved only by taking uplaage number of options, and this may require
consideration of competition between options for effect. The modelling framework demonstrated in
this scoping study is capable of calculating the impacts of a wider set of Glastir management options,
or providng custom outputs to evaluate novel management options proposed for inclusion in the
Glastir scheme to better address policy priorities.

Even so, the calculated impacts are generally believed to be anestiarate resulting from

modelled implementatioracross all of the relevant land on the farm systems. This is despite an
element of inefficiency in the assumptions of scheme participation by some farms without any
relevant land. Scheme records show that, with the marBeB OS LIG A 2y 2 F (i KeSNo Wt SNX |
LyLldziaQz tSaa GKIFy o3 2F GKS HZInnn FFENYA& LI NIAO)
any of the representative options despite the large estimated relevant land areas (Welsh
D2OSNYYSYyids HnmoO® ¢KS Wt SNibGHbges taken dplby 3pdrNiShe b 2 Ly
participating farms, and the contrast with uptake of the other options suggests a low level of
additionally.

A key feature of the ADAS modelling framework is the ability to explain potentially large differences
between sie level and catchment scale impacts of management options by reference to the explicit
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source apportionment. The importance of the pollutant sources, areas and delivery pathways
targeted by an option are quantified relative to total pollutant emissiomsnfrall agriculture. The
spatial constraints on impact set by differing levels of scheme participation and implementation of
options across the relevant land area can also be quantified, allowing exploration of alternative
targeting mechanisms to improveetfefficiency of a scheme.

A potential constraint on the usefulness of the ADAS modelling framework is that it does not operate
with sufficient spatial resolution to explicitly represent the effects of targeting land management
options at critical sourcareas within farms, at field sites with the most risky combinations of
cropping, soil type and topography. This is by design and is a reflection of the spatial accuracy of
survey data on farm management, but means that the model cannot scope the benkfiteen

scale spatial targeting. The structure of the landscape is also not represented, which means the
model cannot be easily extended to assess benefits of land management options for habitat
connectivity and water storage. The more spatially explitiCl modelling framework further
develops the ecesystem services concept and may deliver an appropriate framework for spatially
interpolating and dowrscaling relationships derived from both this diffuse pollution modelling
framework and the MultiMOVE fraework for modelling species habitat suitability.

2.6.2.1 Next Steps

A key objective is to analyse uptake data for the Advanced Element and survey change in farm
management to determine actual levels of uptake on relevant land and to quantify the trakdev
additionality. This will be carried out in partnership with the anticipated Wales Farm Practice Survey
(see Section 5.5.4) and will support a more realistic assessment of the more typical subscription to
multiple management options as required by theints system for scheme eligibility.

We also recommend that the ADAS Wales Diffuse Pollution Modelling Framework continue to have a
role in scoping the impact of novel management options, as part of a programme to enhance the
potential impact of the Gktir scheme on Water Quality and Climate Change Mitigation outcomes.
This will complement the existing Biodiversity focus of the scheme options. This deliverable may be
more efficiently achieved by an adaptation of the ADAS FarmScoper model to use thigsdumm

the Wales modelling framework as inputs to describe baseline pollutant emissions. FarmScoper is an
easyto-use tool for calculating the impacts of a library ai. 100 land management options on
diffuse air, water and climate change pollutant esiims from representative farm systems. The
tool uses the same explicit source apportionmegstem as the Wales Diffuse Pollution Modelling
Framework. The management options are described by NeRvieleet al. (2011) inthe User Guide

of Mitigation Optios, and policy analysts with basic computer literacy can easily expand the library.
The FarmScoper tool would enable a more rapid exploration of land management options for Welsh
farm systems and complement the spatially explicit-egstems services modehder development

by Victoria University Wellington and the Centre for Ecology & Hydrology.

2.6.3 Land Utilisation and Capability Indicator Modelling Framework

Our evidence suggests that based on current scientific knowledge, the impact of the Glaestires

Aa 3IASYSNItfe LRAAGAGS 6AGK avYlrftft odzi YdzZt GALX
represent the spatial positioning of interventions is particularly highlighted by the differences
between the streamside corridor planting and woodilaexpansion scenarios, where similar areas of
direct intervention produce very dissimilar results.

Although LUCI represents the spatial routing of pollutants in fine detail, it has not to date considered
detail of farm management such as specific crogtocking type, slurry treatmengtc., (in contrast

to the ADAS modelling framework, for example). Significant augmentation of our models is
underway to allow a broader range of Glastir interventions and objectives to be accounted for and
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evaluated within LUCI, specifically to allow the framework to better differentiate landscape
functioning by landnanagementas well as land use and soil type. The incorporation of this level of
management detail is however raising many questions regarding the qualitg afpiait data. These
include uncertainties and errors in spatial data, aggregations in land categorisations and privacy
issues that have resulted in available input management data being spatially aggregated to a level
far coarser than is required for inptd LUCI. All these affect the reliability of impact predictions, and
the aggregation of the input data also demands that multiple realisations of LUCI should be carried
out to understand the uncertainties resulting from the necessary spatial disaggregdtioput data

to drive LUCI.

2.6.3.1 Next Steps

A large effort was required to set up LUCI to run at the national scale, requiring parallelisation and
other modification of code. A scheme to spatially distribute appropriate proportions of intervention
locations and/or farm types to allow scenario analysis was also designed and implemented. With
these changes complete, future scenario analysis for Glastir interventions over Wales will be more
straightforward to carry out. Looking forward, developmentopities for Year 2 of GMEP and
associated more general development within the same timeframe, are as follows:

22N] Aa 2y32Ay3 G2 AYLINRGS [!/LQa OFLIOAGE G2
link to frameworks with yet more capacity suab the ADAS suite of models. We are also exploring
the potential of linking the habitat suitability and connectivity capabilities present within LUCI to the
biodiversity estimates produced by MultiMOVE. We are including more capabilities to explore and
display the effects of climatic and meteorological variability on predictions of water quality and
guantity estimates (e.g. nutrient pollution, floods and droughts), and intend to explore the impact of
suites of both design and historical rainfall and otH@nate events on these predictions for Year 2.

CKSNBE A& &AAIYATFAOFIYUG dzy OSNIFAydeé &adzZNNBdzyRAY3
and sequestration/emission predictions, which rely on literature estimates. Increased demand to
establish natinal inventories for international reporting in recent years has led to further literature
and knowledge becoming available, and this improved knowledge will be incorporated into future
estimates. We will also explore ways to communicate the uncertaintgrevhestimates are
particularly uncertain.

Finally, web enablement of LUCI is underway, which may allow broader access and engagement in
scenario exploration.

2.6.4 Plan for Year 2
1 Application of all models to wider set of existing Glastir scheme optamnd development of

literature evidence bas® support and test projections.

Analysis of scheme option uptake statistics agthement of model projections.

Application of WDHEMF model to scope additional options not included in the current

scheme degjn for consideration bthe Welsh Government.

1 Application of LUCI model to calculate the benefit of targeted placement of management
options on farm, to maximise the multiple outcomafssmall areas of option uptake.

1 Enhancement of LUCI to enable watces and stakeholder engagement in scenario
exploraton.

1 Application of MultiMOVE model to whole of Wales to calculate change in habitat areas that
achieve desired plant community structures aaglore regional sensitivities.

1 Consideration of opportunities of integration or leveraging knowledge embedded in
MultiMOVE and WDEMF models into oveairching LUCI framework model.

9 Dissemination and publication of results for peer review.

1
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Chapter 2¢ Future Scenarios of Potential Glastir Impacts

2.7 Conclusions
This study has demonstrated the application of three sefganaodelling frameworks to quantify the
multiple outcomes of selected Glastir management options.

The MultiMOVE model was used to project the response of selected target plant species to changes
in vegetation management and soil status. The majority @feeted changes were consistent with

the expected dentensifying impact of each option. Driving the model by evidenased scenarios

of changing soil condition and vegetation height created a useful transparent link back to the
experimental literature. loreasing the power of this approach simply requires identification and
inclusion of more studies. Given a long term commitment to management intervention, sought after
changes in the suitability of ecological conditions for local target species appear achievable,

with significant progress towards target habitat suitability scores made within 10 to 23 years of
uptake of options.

The LUCI model projected significant reductions in the connectivity of erodible land to rivers and
lakes, following uptak@ ¥ W{ G NBI YAARS / 2NNAR2NDR 2LJiA2yd ¢KAA
recognition of the importance of spatial placement of interventions, and resulted in up to a 15%
reduction in soil and phosphorus delivered to rivers. Woodland creation more géndiad the

potential to increase the national stock of woodland d¢a. 10,000ha and carbon storage by up to

1%, increasing the connectivity of wildlife habitat and reducing flood risk by 1 to 9%.

The WDHFEMF model generally projected smaller reductiomgpollutant emissions, reflecting the
calculation of emissions from sources not directly related to fertiliser inputs and animal manures.
The largest calculated reductions in emissions (<10%) were for nitrate leaching, nitrous oxide and
methane following \ith-holding of nitrogen fertiliser and reducing stocking rates on the improved
grassland area. The explicit source apportionment system used by the model allowed for flexibility
in characterising the management options and insight into the reasons fyer thifferences between

site level and catchment scale impacts of improved management.

Individual Glastir prescriptions generally resulted in national reductions in pollutant emissions in the
range <1 to 10%. Local pollutant reductions were several timesgtey within catchments with large
areas of relevant land, reflecting the distribution of farm system types with soil and climate. Spatial
targeting under the Advanced element of Glastir resulted in reductions within the Priority
Catchment areas that werep to 50% higher than if scheme patrticipation were distributed evenly
across Wales.

The scale of the model results suggests that the cumulative impact of uptake of a number of Glastir
prescriptions can be significant. However, the model outputs preskmiere are based on the
assumption of maximum implementation of options across all of the relevant land area on a farm.
This will ovesstate the potential impacts of the Glastir scheme. There is a critical need for detailed
analysis of the pattern of optio uptake and a survey of actual changes in farm management to
guantify the limits to uptake and the true level of additionality on participating farms.
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3. Field Survey Design and Implementation

Garbutt, A., Henrys, B, Astbury, &, Biggs, 3. Brown,M. 2, Cosby, B]Edwards, F, Edwards, M,
Emmett, BA, Ewald, N, Halfpenny, f, Hall, I, Maskell, £, Norton, L%, h Q1 | NBH, Peytdn,?),
Pywell,R.“Roy, D.7 R.,Scarlett, P, Scott, A, Scott, R., Siriwardena, &, Smart, S, Swetnam, R,
Taylor, R, Tordoff, G, van Breda, $Wood, G., Watkins, 3 and Wright, §

'CEH BangofCEH LancastelfreshwaterHabitats Trust, * CEH WallingfordEdwards Ecological Services Ltd,
®CADW CEH EdinburgfiBTO *Staffordshire Uniersity, ‘°Butterfly Conservation''Biodiverse IT,

The Glastir Monitoring and Evaluation Programme (GMEP) is a novel and highly ambitious
programme which brings together monitoring from different sectors within a hypothéssis
modelling framework thatcaptures our current understanding. The aim is to provide a robust
evidence base as an @oing part of the scheme, to allow for fast iterative assessment of outcomes
and thus timely adaptation of scheme payments to maximise benefits. Within any ecosystem
monitoring programme, there are multiple measures of specific interest and it is essential that the
designed survey is good value for money and has sufficiently power and spatial scale to detect
changes and trends in these measures and their idegendence, enabling tradeffs and ce
benefits to be quantified. It is also desirable to develop a sampling unit which will be robust to
potential future changes in scheme design from field to farm to catchment to commbaggd
schemes (and back again), depemgon political and/or societal pressures. TBMEP field survey
covers three of the six key elements of the overall Gidiigrammenamely.

1 A rolling survey programme involvingTargetedComponent specifically for Glastir priority
areas and a Wider Wale Component which aims to capture the national trends,
counterfactuals and key baseline comparisons throughout the course of the survey;

1 Integration of data from existing and ongoing monitoring programmes into the GMEP
analysis;

1 A data portal to make dat publicly available in a uséiendly web interface maintaining
farmer confidentiality and provide access to model outputs and in time, two of the models
used by the team will be webnabled for more general use together with tools to enable
submission bdata by the public to the GMEP data portal.

A full range of data collected, modelled or integrdtcan be found in Appendix 3.1

3.1 Major achievements in Year 1:

9 Statistically robust and flexible nationwide survey designed, based on rolling pnagramd
sampling unit chosen to include a the Wider Wales Component (WWC) used for baseline
estimation, national trends and national reporting of Glastir, and a Targeted Component
(TC), which specifically links to the priority areas and aims of the Gelséime.

1 Power Analysis run to determine sample number needed in each year of survey over the
rolling cycle.

1 All national WWC squares for 4 years selected using design method and optimum allocation
algorithm and all TC Squares for year 1 selected praputito the Welsh Government
priorities (.e. points based) with scripts written to automate selection in subsequent years
as priorities change.

1 Recruitment of data analysts, administrators, liaisons and surveyors for the GMEP
programme

1 Development ofgeoprocessing scripts for automated data analysis, management and
mapping. The advances made in year one mean that tested procedures are now set in place
to repeat processes for subsequent years, and produce consistent outputs.

9 Obtaining the 50 external adasets required for use by internal and external GMEP
collaborators. GIS datasets, data tables, and databases have been obtained and licensed
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throughthe Welsh Government and oygrogrammepartners, meeting a wide range of data
needs across work packages.
Setup of a secure spatial database as a centralised source for GMEP data distribution.
331 spatial data files uploaded to the secure spatial database.
Development of 7 new and existing bespoke software application for field survey.
Gaining permissionot survey the holdings of land owners within GMEP 1km squares with
88% of contacted landowners approving access.
1 Completion of the biophysical, pollinatand bird field surveys for 6kfn squares for within
the time allocated by field surveyors.
1 Data fromall 60 survey squares checked and loaded into secure spatial database ready for
analysis.

= =4 =4 =4

3.2 Introduction to the GMEP Survey Design

In the Glastir monitoring and evaluation programme the key aim is to evaluate the benefits that
Glastir interventions &ve on the five key outcomes identified the Welsh Government and the EU,
namely: biodiversity, climate change mitigation, soil quality and water flow and quality, landscape
and historic features and woodlands. This implies that the monitoring survegsnae capture
multiple measures and metrics and be able to integrate across these metrics. Hence a full ecosystem
based approach is required where data operating at multiple scales are captured, where possible, at
the same time in a single snahot visit. Within any ecosystem monitoring programme, there are
multiple measures of specific interest and it is essential that the designed survey is good value for
money and has sufficient power and spatial scale to detect changes and trends in these measures
set against an appropriate population of counterfactuals, and detect their idegendence,
enabling tradeoffs and cebenefits to be quantified.

One difficulty with investigating multiple indicators and metrics is that the metrics vary over differing
scaks. Some measures will have high spatial yet low temporal variability, whereas for others the
opposite may apply. For example, soil carbon has low temporal variability as it does not generally
change quickly over time, but high spatial variability as paatsvastly different to arable land, for
example, whereas the abundance of some butterfly and bird species can be rather consistent across
large areas but vary markedly between years. In each of these scenarios a completely different
design of survey wodl be optimal: one that puts more effort into capturing as many spatially
different sites as possible with little or no temporal element, or one that puts more effort into
surveying the same sites over time intensively, respectively. Thus, designingeasaivgly to enable
detection of changes in multiple metrics across time and space is difficult but essential if the budget
is to be met and an ecosystem approach is to be maintained.

Kish (1990) developdtie concept of a rolling sample design intendecttdlect data over space and
time. He advocated its use due to the inherent flexibility and the ability to serve multiple purposes.
In many countries around the world, this form of survey has now replaced the national census due
to its flexibility and coseffectiveness. For the Glastir monitoring and evaluation programme, we
have adopted a rolling survey so that we can maximise the number of sites we visit across the
national spatial scale whilst at the same time monitoring y&ayear, such that spatialariation

and temporal changes and trends can be detected-edfsictively. This design gives the best balance

for a survey that aims to deliver across multiple metrics and compare against estimated baselines
and trends over time. While aligning surveyswultiple metrics at the same set of survey locations
inevitably entails compromises in respect of the optimal approaches for each metric, it critically
allows interrelationships between the metrics to be considered, as well as the responses of all of
them to the same environmental influences.

We decided on a-¥ear cycle for the rolling programme in order to meet reporting requirements, to
maximise spatial and temporal coverage and to provide sufficient flexibilitythee Welsh
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Government. An example fothe proposed rolling programme is plotted in Figure 3.2.1,
demonstrating the ability to estimate trends and changes over time, whilst at the same time
providing robust spatial baseline estimates.

42
1

38
I

T T T T T T T T
1 2 3 4 5 [} 7 8

Year of Survey

Figure 3.2.1 Plot of simulated continuous data based walling programme design over 4 years.
Black dots represent the true underlying value of the indicator, red dots represent the within year
estimate and blue squares represent the estimated indicator value across a full cycle of the rolling
programme.

Testing the effects of environmental interventions is commonly done using aaaseol or before
after-control-impact approachi.e. where interventions are made in some locations and monitoring

of responses is undertaken both there and at other (often chatd) locations free of the
intervention concerned. Our design for the GMEP survey differs considerably from this approach,
avoiding important problems with using a casantrol approach in a context such as GMEP. First, it
can be difficult reliably to sett appropriate controls in complex landscapes because numerous
factors, including field contents, field boundary characteristics, landscape context, topography, field
sizes and areas of sematural and anthropogenic habitats, need to be held constanbsgr
matched pairs. Second, in lotgrm monitoring, control areas need to remain out of scheme
indefinitely, which can be both difficult to ensure and counter to the principles of -@ueess
schemes intended to deliver environmental improvements at breeales. Third, managed areas are
fA1Ste (2 KIFIGS KFER F RS3INBS 2F GSYSANRBYYSydlffe
began and longerm, unmanaged areas may remain so for reasons unrelated to the scheme,
potentially introducing bias to compigons. Our approach involves comparing areas with different
guantities of managed areas within a stratified random selection of survey plots of a standard size.
The stratified random selection allows unbiased inference about background or baseline amnditi
and comparisons between managed (Glastir) and unmanaged areas remains possible while both are
represented sufficiently in the data set. Further details of this stratification is given in section 3.4.2
The use of a random sample stratified by landscapgables means that results can readily be
scaled up to estimate patterns of spatial and temporal variation at regional araddls scales.
Further details of the methods we have used and support for their adoption are provided below.
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3.3 Baselinesad Counterfactuals
In their welkcited article, Kleijn and Sutherland (2003) discuss the problems with drawing robust
inference from land management schemes and suggest that a good monitoring scheme should aim
to:

0] Collect baseline data.

(i) Examine trends itime.

(iii) Tryto reduce systematic differences in initial conditions between scheme and control

sites as far as possible.

It is clear that Kleijn and Sutherland (2003) were stresingmportance of the counterfactual and

that this should be considered wheatesigning a new survey. The implications of this for the GMEP
survey were that we needed to collect data that would form a suitable baseline to assist
comparisons as well as collecting data to directly inform on the relationship between metrics and
Glasti measures. This baseline needed to be representative of the wider scale at which we want to
draw inference. The baseline information necessary to answer the specific questions of interest can
therefore be thought of as consisting of two elements. Fisty OdzNNBy i ol aSt Ay Sa
which take into account any effects of legacy schemes or historic management and, secondly,
temporal baselines showing how the general state of specific metrics are changing over the course
of the survey independerdf Glastir interventions.

The current baseline or starting point is important so that we know typical values of indicators and
metrics before any land management or Glastir intervention. These are evaluated using existing
monitoring data collected ovethe past 20+ years that we can overlay and compare with the data
collected from this survey. This allows us to account for legacy scheme effects and ensure that all
comparisons can be made relative to a consistent level. A key prerequisite of the GMgf igesi
therefore the ability to integrate with existing monitoring schemes that are to be used to inform the
historic baseline. Where little or no data have been previously collected, additional information and
data will be collected to inform and providemtext for robust estimation of current baselines for
these metrics. An example of this is greenhouse gas emissions, more detail of which is given in
section 37.1

The temporal baseline provides information to allow measurement of how metrics and timdica
change over the course of the survey, independent of any management or intervention. This must
be estimated from the initial data collected under the GMEP survey itself. There is therefore a
requirement for the survey to have the ability to producetinaal and suknational estimates at

given time points and also trends over time to represent the baseline status of specific indicators
and metrics. Any effects of Glastir measures are relative to this baseline so that any advantage or
positive effect othe measure can be detected even if the indicator in question is not responding in
the way that one may hope.

The chosen design was therefore a rolling programme based survey with two key components: the
Wider Wales Component used for baseline estimatioational trends and national reporting of
Glastir, and the Targeted Component, which specifically links to the priority areas and aims of the
Glastir scheme. Across both of these components, integration of survey data is essential and
therefore a commorspatial unit has been adopted.

3.4 GMEP Sample Selection

3.4.1Sampling Unit

In order to integrate across multiple metrics, provide a true ecosystem base approach and provide
robustness to any future changes in the Glastir scheme design, a common spétiaas needed
across the whole survey. Furthermore, as a clear aim ofpitigrammeis to make inference at a
national scale and broad conclusions on management options are required, it was crucial that the
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sampling unit was sufficiently representagivf this wider population so that any extrapolation and
upscaling required for future reporting was feasible. Hence, our focus is on comparing effects of
different management interventions by comparing contrasting fixed sampling units (with different
amouwnts of specific management options), not contrasting individual farms. Thus, we average over
the variation between farms within squares, but consider variation between farm types across the
whole sample. This approach will be more powerful and more fupwomfed than individual, farm

based in scheme / out scheme comparisons. Moreover, site selection is not compromised as farms
enter into different management options, providing variation in management quantities that allows
tests of the influence of the magement on the metric under consideration. Box 3.4.1 provides an
example of this.

Box 3.4.1BBS agrenvironment scheme angdis.

Bakeret al. (2012) used BTO/JINCC/RSPB Breeding Bird Survey (BBS) data to investiga
influences of managemeniptions in the English Environmental Stewardship (ES) schen
on bird population growth rates. The BBS is an annual, volunteer sctierneamples bird
abundance in units of 1km squares, selected at random. It has national coverage in Engl
and is designed to monitor dispersed, widmuntryside populations, making it well
YIGOKSR aLIl dArfte (2 9{ Z-andsod OR G4 a (1 RS NA
enhance the wider environment. ES has also reached uptake over 70%of the us3g
agricultural area in England, so areas with nho ES management are rare. However,
agreements for individual holdings are made up of landowswected sts of
management options, so there is considerable spatial variation in the quantities
individual management types within 1km squares. Bakeal. exploited this variation to
look for associations between bird population changes and forms of ES nmeagthat
could have had biologically plausible effects on individual species. The results showed
first landscapescale evidence for effects of agmvironment management on widespread
components of biodiversity, with the clearest effects involvinfuences of options
providing overwinter seed food for granivorous birds. These patterns reflect the resourc
factors that are known to limit the populations concerned, but they were subtle
representing reductions in the rates of population decline, eatthan reversals of the
declines. Nevertheless, this study provides prob€Eoncept for study designs of the kind
being employed in GMEP, notwithstanding differences in the detail of the surve
approaches being used.

As a common sampling unit, we chose the Mdaunare. The 1km square scale is important as it is the
scale the Countryside Survey (CS) of GBréain (Careyet al, 20@), which also adopts a whole
ecosystem based approach and records data on multiple metrics. As CS data will provide a key
baseline for many metrics measured in this GMEP survey, it is crucial to remain with the 1km scale.
The lkmscale also complements existing environmental monitoring programmes such as the
Breeding Bird Survey (BBS, Ris¢lgl, 2013; Box 3.4.1) and the Butterfly Monitoring Scheme (BMS,
Bothamet al., 2013), which will provide important baseline and contexit@ia where necessary.

As such, existing data sets dating back decades can easily be integrated and provide historical
reference data to which the GMEP survey will add. Ubistprical data such as BBS, BMS and CS
allows us to contextualise any changésitt we may see and, given suitable integration work, may
significantly improve our ability to detect trends over time.

While different metrics are ideally monitored at different scales, any given sampling unit will be
more appropriate for metrics thafor others and some metrics are best measured for wkaken
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units, as opposed to random parcels of the landscape, a common sampling unit offers important
benefits in respect of identifying inteelationships between metrics and common responses to
environmental drivers. It was not feasible to monitor in other ways in addition to the 1km square
sampling units and we consider the latter approach to be optimal for coverage of the wider
environment with representative sampling.

Data for many indices can beaded up or down to the 1km square scale, if the sampling is designed
appropriately and we will apply correction factors to convert data that cannot be collected at this
scale to fit to it. For example, we will rescale fasgale data on economics or cheral inputs (a
measure of diffuse pollution) by correcting for the proportion of the farmed land surface that is in
the 1km square, having collected data from a representative sample of the farms in the square. To
capture the required information for thisescaling, the protocol adopted is the current Countryside
Survey methodology that records the detailed habitat composition of each 1km square and we are
also using data collected from remote sensing methods, d<CiM2007 (Morton et. al., 2011), to
capture habitat composition at wider scales alongside catchment modelling approaches to capture
connectivity of streams up and downstream from our sample squares. Having detailed information
of the habitat mosaic in and around the 1km square will enable necessaly corrections.

3.4.2Wider Wales Component

The first component of the sampling is the Wider Wales Component (WWC), which aims to capture
the national trends, counterfactuals and key baseline comparisons throughout the course of the
survey, as well athe effects of the aspects of Glastir with broad uptake. As such, the selection of
WWC sample sites (1km squares) needed to be representative of Wales as a whole and remain
independent of any farm ownership or management uptake. The rolling programmegndetihe

WWC squares means that each individual year of the survey needs to be representative and
independent in this way.

To ensure statistical robustness, we must have a sufficient number of sites sampled in each year
such that changes can be detectaith an appropriate level of statistical power. To investigate this

in detail, we conducted a power analysis looking at the power to detect changes over time in
multiple metrics based on differing sample sizes within each year. The power analysis was
performed using existing information from the Countryside Survey (CS) and is described in detail in
Appendix 3.2. The results from the power analysis showed that a sample of 45 1km squares per year
over 4 years would provide sufficient power to detect expeathdnges over a similar period.

The selection of the sample of squares for monitoring was accomplished following the same
procedure as used for the Countryside Survey of Great Britain, which aims to provide robust
estimates of indicators at national arstib-national level across GB and constituent countries. Using
the same methodology builds on previous knowledge and will enable integration of the two surveys
in future analyses.

The 45 squares in each year, over the four year cycle, were randomly shwighén strata defined
according to the Land ClassificationGreatBritain (Bunce et. al., 200¢)a derived classification of

the landscape based on its topography, geology, climate and physical attributes. Environmental
heterogeneity is minimized with each stratum of the Land Classification and is maximised between
strata. Figure 3.4.2.2 shows the Land Classification over Wales. The rationale behind using such
stratification was the long term aim of the survey. The Land Classification remains uedharey

time and therefore the initial sampling scheme and selection of squares are sufficient for the long
term requirements of the study. Conversely, stratification according to other environmental
attributes, such as habitat, would have been subjectih@ange over time and could therefore have
damaged the sampling protocol. Although stratifying by land class is not equivalent to stratifying by
habitat, because there are many more variables that contribute to stratum definition, there is a clear

107



Chapter 3¢ Feld Survey Design and Implementation

overlap ketween the land class strata and their habitat composition. In other words, the different
land classes contain different habitats. A clear example of this would be coastal land classes
compared to the more upland defined land classes. The land clagsifiddifferentiates these two
classes due to altitude, climate and underlying geology. Figure 3.4.2.1 shows the habitat composition
of two such landclasses in Wales with Landclass A representing a more upland defined class and
Landclass B representing a sta class. This relationship between land classes and habitats, coupled
with the fact we are sampling by the land class strata, ensures that all main habitat types are suitably
sampled.
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Figure 3.4.2.1 Habitat composition of two Welsh land classesminstrating the different
composition of habitats across the land classes. Land class A represents an upland defined class
while land class B represents a coastal stratum.

The proportion of the 45 1km squares randomly sampled from within each stra@asmpvoportional

to the size of the stratum in order best to allocate survey effort. Any square randomly selected that
contained more than 75% of urban land or that was more than 90% sea (defined by LCM2007 and
the UK Census mean high tide data) was exauddis criteria ensures that we do not remove
important coastline squares, which contain a significant number of priority habitats and comprise a
high proportion of total land in Wales. The random sampling within these strata for each year of the
rolling survey ensures that the square selection is unbiased and representative of the wider
environment.
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Figure 3.4.2.2The ITE Land Classification of Great Britain, as used for CS2007, mapped over Wales.
Each colour represents a different land class. Asiwthmbering of the classes / strata is arbitrary, no
key is provided

The rolling survey design requires for the 45 1km squares sampled in Year 1 (2013)-taivgled

in Year 5 (which is year 1 of the second rolling period in 2017). Similarly thesguaveyed in Year

2 will be resurveyed in Year 6 and likewise for the Year 3 and 4 squares. In this first year, we have
selected all 1km samphkxjuares for each year of theyéar rolling programme constituting the

WWC element of the survey which wiimain fixed to provide representative information across

our range of metrics. Figure 3.4.2.3 shows the distribution of these 180 (45 x 4) squares plotted a
5km x 5km resolution to ensure confidentiality.
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Figure 3.4.2.3: Location of the 180 (45 x 4) @W/¢fuares for the 4 years of the rolling programme
plotted at 5km x 5km resolution to ensure data confidentiality.
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3.4.3 Targeted Component

Alongside the randomly sampled WWC component of the monitoring, we also monitored a similar
number of 1km squaresatgeted specifically at Glastir priority areas. This is important because the
stratified random sampling for the WWC may not cover the management options prioritisea by
Welsh Governmento allow inference about changes in relevant metrics. As we wistotnpare
squares from the targeted monitoring to squares from the WWC monitoring, it was important that
we preserved the same spatial scale. The targeted squares were chosen specifically to map onto
areas thatthe Welsh Government have emphasised as jies for Glastir Advanced land
management scheme delivery. The selection of squares was therefore based on the target areas
identified bythe Welsh Governmentusing the scoring system that they have adopted in order to
combine maps of Glastir priorities.

Each 1km square Wales was overlaid onto the target layers of the Glastir Advanced scheme (94
separate layers, a full list of which is provided in Appendix 3.3) and if the square was inside the
target area then it was assigned the corresponding scomibatied to it bythe Welsh Government

This was done for all 1km squares across all target layers and the resulting scores were summed for
each square. This provided a map of the total Glastir Advanced score for every 1km square in Wales,
which effectivelyrepresented the areas of Wales whetke Welsh Government have put the
emphasis on delivering benefits across the 5 key outcomes from Glastir. This map is shown in Figure
34.31

Having obtained the total Glastir score for every 1km square in Walegeysisquares for the
Targeted Component were randomly selected with selection probability proportional to their total
Glastir Score. Therefore, squares with twice the Glastir score of other squares were twice as likely to
be selected. As with the WWC sqgesy any square with greater than 75% urban or 90% sea
coverage was excluded. The selection of squares was independent of Glastir uptake because we are
maximising the likelihood of coincidence with the Glastir Advanced element due to the way Glastir
Advance entry is implemented, without selecting Glastir farms specifically. Keeping the selection
independent of Glastir uptake means that thargetedComponentsquares also provide important
counterfactual information and that the survey is robust to changasptake over time.

The key advantage with this selection procedure for the Targeted Component squares is that it
directly reflects the priorities of Glastir accordingttee Welsh GovernmentThe targeted squares

are selected on a yearly basis to bensistent with the most up to date scoring defined for the
Glastir Advanced scheme on all the target layers. This ensures that the Targeted Component remains
flexible, though there is obviously a trade off between how often the priorities change and our
power to detect specific intervention effects related to these priorities. The only constraint is that, to
generate measures of change in these priority areas, we must have sufficient sampling in these areas
over the period one wishes to estimate change fbhis targeted component of monitoring can
otherwise remain flexible over the course of tfiest 4 years of thesurvey with different sets of
survey squares being readily selectable as and whewWelsh Governmentgriorities move on. An
example of the #xibility in the design and the ability to adaptttee WelshGovernmenQ & LINR 2 NA § A
is shown in Box 3.4.3.1. Providing we have selection probabilities (that is the probability that any
1km square is included in the GMEP survey)and equivalent maps dfypaeas for the whole of
Wales, the targeted Squares and Wider Wales squares can easily be integrated, modelled and
analysed together.
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Calaminarian Grassiand - 3pts .

Barbastelle Bat - 2pts

Montane Heath - 6pts

Red Grouse - 4pts

Campanula - 3pts

Ml Great Crested Mewt — 3pts
Twite ~ Bpts

Low Priority

High Priority

Figure 3.4.3.1) An example showing seven of the Glastir Advanced target layers overlaid on top of
each other wth their corresponding score shown. b) A map of the Glastir Advanced priorities having
added up the scores for every 1km square across Wales.

As an example of the flexiltjt of the square
selection algorithm adopted for theafgeted
Component a hypothetical set of squares wer
selected by changing the Glastir Advanc
score of Calaminarian Grassland from
current score of 3 to 60 (currently the highe:
score). The plo on the top left shows a
hypothetical set of targeted squares using tt
current scoring system and the plot on th
bottom left shows the squares selected usil
this new scoring system. Both show the area
Calaminarian grassland identified by the Glas
target layer in yellow. One can see how the
are clusters of squares and a high proportion
overall squares in the areas of Calaminari
grassland identified. Squares outside the
areas are also still present as other layers ¢
have associated GlasAdvanced scores.

This process is applicable to all such layers .
therefore, provided the scores attributed biye
Welsh Governmentto the different layers
accurately reflect their priorities, the TC squar
themselves also reflect these priorityess.
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In the first year of survey, the contract start date and preparation time megluprior to survey
meant that we have had a shorter field seagdnne to September)t wasagreed with the Welsh
Government prior to starting the contrathat a total of 60 squarewould besurveyed in the first

year. The 60 comprises an equal mix36fWWC and 30 TC squares. Although the power analysis
suggested 45 squares would be optimal, 30 of each type still provides sufficient information and the
number of explanatory and contextual variables collected at each square, together with a model
basedanalysis approach, means that inference can still be made with sufficient power.

The twotier (WWC and TC) approach to the design of the field survey means that the survey is
flexible over time and can adapt and be responsive as and wheNVelsh Goverment priorities

move on. This, coupled with the type of information being collected, also means that the design
ensures that the survey is flexible enough to adapt to a changing policy agenda. As the future policy
design changes, the survey is flexibleegh to adapt. This is because the design of the survey has
not been dictated by current political pressures or by specifically chasing Glastir farmers. Rather it is
based on collecting raw indicator information which, due to the design, can be packaggitidoin

a way to adequately reflect the current questions of interest. The flexibility means that the designed
survey is fit for the long term. This is exemplified by Countryside Survey, which over the past 35
years has come through a highly changingitigal landscape, yet has always been able to stay
relevant and reflect the current policy design due to its robust sampling strategy and data being
collected.

3.5 Analysis

Measures, changes and trends between the counterfactual scenarios and the Gidaakie options

will be compared using a generalised linear mixed modelling (GLMM) approach. This allows us to
compare noanormally distributed data (e.g. Poisson count data), unlike the more simplistic ANOVA
methods, and can also account for nmmependcence resulting from spatial or temporal
autocorrelation. Methods ignoring such dependence would underestimate standard errors, leading
to false inference on any hypothesis testing. The GLMM approach also allows for the inclusion of
both main effects of mamgement and interaction terms allowing for intdependence of
management effects and background environmental variation. The significance of individual terms in
such models is assessed using standard methods such as likeldtandests, comparing
information criteria or using the neparametric bootstrap to resample under the null hypothesis.
Delivery of these robust estimates of change are essential for the economic efficiency, cost
effectiveness and distributional effect to be undertaken. The examplBox3.4.1 used a similar
analytical approach, namely generalized linear models of Poudistributed count data with
respect to agrenvironment management and background environmental variables, specifically with
a parameterization meaning that the tputs were expressed as annual proportional changes in
abundance.

This analysis approach taken therefore examines the response of outcomes relative to Glastir
measures. More power will therefore be obtained if we have squares with ranges of uptake, with
some squares containing very little to squares with a high proportion of Glastir uptake. We project
4555% of our total sample population will be in scheme once the expected uptake of Glasir of
4500 individual farms is achieved and we have completedfiost cycle of our full survey. This
overall proportion of approximately 50% would, for the type of analysis propdsedpnsidered
optimal.

3.6 GMEP field survey methods

3.6.1 Overview of methods

The national surveillance monitoring programme tpantify ongoing change in the Welsh
countryside and impacts of Glastir interventions was implemented from May through to September
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2013. The main biophysical survey was managed by CEH; pollinator surveys (butterflies, bees and
hoverflies) were managed bgutterfly Conservation (BC); and bird surveys were managed by the
British Trust for Ornithology (BTO). A full time Farmer Liaison Officer was appointed by CEH to
coordinate the movements of all field teams and arrange land access permissions.

Landownerskp within each 1km square was identified usithg Land Parcel Identification System
(LPISYatabase provided bthe Welsh Government. In total, there were 404 individual land holdings
contacted within the60 1kmsquares surveyed in 2013. Of these, 358 avebtained directly from

the LPIS database, with the remaining 46 identified from a combination of Intbasetd research,

local authorities, Government agencies, estate management services and Commons associations.
Initial contact with landowners was rda by letter outlining the objectives and timing of the field
survey (see Appences3.4and3.5F 2 NJ f SGGSNI I yR | O02YLI yéAy3d Daot
that the land selected for survey was randomly selected and not related in any way to any
compiance inspection process for Glastir, Single Payment Scheme or any other scheme. It was also
emphasized that personal data is protected by the Data Protection Act 1998 and information gather
through the survey is the property of the Welsh Government, ettbjo the appropriate data
security. Landowners were also asked for information on any animal or plant diseases on their
property and bio security measures they would like survey staff to comply with.

3.6.2Bio security

Bio security measures were put place for all GMEP surveys followithgg Welsh Government
guidelines. Landowners were asked for specific bio security requirements when visiting their land.
Dipping buckets at the farm gate were used on two occasions. Farm Fluid HD Row, a broad
spectrum, multipurpose phenolic disinfectant was used to control the spread of diseases as
recommended by Defra. Footwear was cleaned and disinfected on arrival/leaving and between
landholdings. Survey vehicles were kept clean throughout the field season amigatesii before
entering landholdings and on the edge of premises on leaving. Disinfectant was only applied after
dirt had been cleaned off. Increased concentrations of Farm Fluid HD Row were used when the
survey teams were in areas known to have incidenfitsB.

In addition to controlling for animal diseases with disinfectants, landowners were asked if there
were any plant or tree diseases on their land. If there were no known plant or tree diseases, Forestry
Commission Level 1 bio security measures weialowed i.e. clean footwear (see
http://www.forestry.gov.uk/pdf/FC_Biosecurity Guidance.pdf/$file/FC_Biosecurity Guidance.pdf

for further informaton). If plant and tree diseases were known to be present the surveyor teams
avoided infected areas. No plant or tree diseases were reported by any of the landowners to the
survey teams throughout the survey.

3.6.3Biophysical survey

Thirteen experiencedbotanists/field surveyors were appointed in May 2013 by CEH to cover the
main biophysical survey. A comprehensive, three week training programme was held in to cover all
aspects of data collection, Health and Safety, first aid andoaidi driving before @rveyors started
62N] Ay (GKS FASER®D® ¢KS adzNWSe2NBR ¢SNB aLX Ad Ayid:z
holiday leave and provide extra support where needed. Each team was allocated 20 1km squares to
survey across three regions (north,drand south Wales). Within each region the 1km squares were
visited in order from either east to west or west to east which, along with the north/south division,
was designed to avoid longitudinal/latitudinal bias in climate and seasondlitymaximize ta
efficiency of the field teams, a wide number of ecosystem characteristics were recorded on each
visit under seven different activities. Dedicated helpdesks were set up to enable the survey teams to
phone in with method and logistical queries for farmardon, mapping habitats and linear features,
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placement and recording of vegetation plots, IT hardware/software issues, bird surveys, and
pollinator surveys. Feedback was given to the survey teanmdoyyrammestaff by telephone and
email. Programmestaff visited the survey teams at regular intervals during the field season to give
and take feedback.

All measurements collected as part of the biophysical survey have been mapped to specific or
bundles of interventions and one of the five Glastir outcoméimate change mitigation, improving
water and soil management, maintaining and enhancing biodiversity, managing and protecting the
Welsh landscape including the historic landscape, and creating new opportunities to improve access
and increasing the area d€management of woodlands.

3.6.3.1Historic Environment Assets
These measurements will contribute to the Glastir outcovietnaging and protecting the Welsh
landscape including the historic landscape.

There were twoHistoric Environment Assets recordesl part of the survey work to provide data in

the future on howGlastir interventions impact our historic landscape (further detail of which is
provided in Chapter §5cheduled Ancient Monuments (SAM9)ationally important with statutory
protection (TheAncient Monuments and Archaeological Areas Acts, 1979, legislation similar to SSSI
legislation) and Hieric Environment Features (HE&F¢ regionally important but no statutory
protection. A basiccondition assessment of SAMs and bilFere recorded wherehey occurred

within a 1km square. Excluding one square, which contained over 200 such features arising from
historic mining in the area, the maximum number of features in a square in year 1 was 5. This
information was gathered in the office prior to fielt#ployment and meant that the surveyors were

able to record all known features within our sample squares. In light of the vast quantity of
information already being collected, an agreed maximum of 7 features per square is used for
guidance for the surveysrand in squares where more than 7 occur, advice is sought featw &s

to which 7 to surveyGiven a limited amount of available training time, surveyors were not
necessarily familiar with the appearance of every monument type in their survey areasforbere

the data collection focused on producing basic condition information for the land within a defined
polygon area. Both Cadw and the Welsh Archaeological Trusts assisted in the production of field
sheets giving extra information on description of theature, its location and potential issues to
ensure an accurate assessment. Data collection covered two areas. Firstly, assigning a basic
condition assessment for the featurexcellent condition; sound with long standing defects; sound
with minor defects;signs of potential deterioration; major signs of deterioration; and damaged).
Secondly, threats to the integrity of the feature were assessed under four headings; stock (e.g.
poaching, burrowing animals); agricultural operations (e.g. tracks, plougkiggtation (e.g. scrub,

ONI O1Syuz YR Iy W2GKSNXR OF (S32 kkEneral fhotalggaph@dfy R f A 2
the site were taken along with detailed images showing any specific condition issues identified.

In total 47 historic features gre recorded across 60 squares in 2013.

3.6.3.2 Landscape photography
These measurements will contribute to the Glastir outeorilanaging and protecting the Welsh
landscape including the historic landscape.

To support the work to be undertaken to quamtithe impact of Glastir on landscape quality and

how that is linked to ecological quality (see Chapter 6), fixed point photographs were taken within
each 1km square. These provide repeatable, figenht images to monitor landscape change over
time and a esource for assessing the planned work to link the perception of landscape quality by
the public and ecological quality as assessed through our rolling national survey. See Chapter 6 for
further information on this topic. The photograph methodology ensuasdobjective photographic
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record of the 1km field survey sites, capturing the typical rather than most photogenic kg
1km survey square was divided into four 500 x 500m quadrants: NE, SE, SW, NW. At the centre point
of each quadrant four photograghwere taken looking N, S, E, W

A total of 960 landscape photographs were taken across the 60 squares in survey year 1.

3.6.3.3 Mapping habitats, linear and point features

These measurements will contribute to the Glastir outcomééaintaining and enlncing
biodiversity; Managing and protecting the Welsh landscape including the historic landscape; creating
new opportunities to improve access and increasing the area and management of woodlands.

Collection of detailed spatial data on extent and compositof habitats and features across the
entire 1km square was recorded to feed into the assessment of a multitude of Glastir measures
associated with habitat and to provide underpinning, contextual data for other areas of GMEP.
Further details are provideh Chapters 4 and Tnformation on habitat type and landscape features
were recorded on a digital map, held on theygedzed field computers (see sectid7.2).

Habitat areas (>20m x 20m) were mapped and classified using the Broad and Prioriigt Habit
classification (Maddoclet al 2008). Additional attributes were recordedising a comprehensive
range of predetermined options which relate directly to Broad and Priority Habitats, vegetation
types and landscape features (e.8griculture, Forestry, Bldings and structures); supporting
attribute data (e.g. grass ley, burnt vegetation), indicative species presence and cover; and land
usage (e.g. stock, cattle, sheep, timber production).

Linear features are landscape elements less than 5m wide thatlfoas in the landscape and have

a minimum length of 20m and may include gaps of up to 20m. Linear featecesded include
woody linear features (e.g. managed hedgerows and unmanaged lines of trees), streams and
ditches, grass strips, banks, walls, femead footpaths and tracks. In addition to mapping the length

of linear features, a comprehensive condition assessment and secondary attributes are recorded.
For example, for hedgerows extra information is recorded on height of base of canopy,
managementtrees, species composition and gappiness.

Point features are individual landscape elements that occupy less than an area of 20x20m. They
include: forestry features such asdividual trees, clumps of trees, patches of scrub, veteran trees;

inland waterfeatures such as springs and

ponds; inland physiography such as C|Ifﬁ_‘
and rocky outcrops and structures such as
buildings, quarries and wind turbines,.
Additional attributes are recorded for;
individual features. Attributes recorded
for trees include the gecies, presence off§
dead wood, habitat boxes (bats/birds) an
presence of a buffer zone.

One additional feature to be added irf
2014 includes the condition of publig
rights of way. Basic information was
captured by the bird teams in 2013 and
very prelminary analysis of the data
suggests valuable information could b -
gained if this becomes a standard component of the full survey in a way similar to that of the historic
features.
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3.6.3.4 Vegetation plots
These measurements will contribute to the Glastitcome: Maintaining and enhancing biodiversity

Plant species presence and abundance was recorded in different sizes and types of vegetation plot
allowing vegetation change to be expressed by habitat type, landscape location and whether in or

out of the Glastir scheme (Chaptel). In the first four years of GMEP plots will be located and
recorded for the first time in all 1km squares. Plots can be located in anynsdoral vegetation;

this includes amenity. For each vegetation plot general informatias collected including species
presence, cover and height. A photograph of each plots was taken and a GPS reference and sketch
YL RNI gy (2 AR NBft20FiA2yd wlyR2Y LERAydGa YI N
square were determined priaio the field survey. The locations, type and numbers of certain kinds

2F LX 20 oAttt 0S RSGSNNYAYSR o6FlaSR 2y LINBRSGSNXYAY.
or from the findings from the mapping exercise. Ten plot types were used to reegedation:

Nested plots to provide a random sample of common vegetation types;

Targeted plots to sample Priority Habitats and locations eligible for Glastir;

Unenclosed plots to sample unenclosed Broad Habitats;

Boundary plots running adjacent to fidddundaries;

Arable plots on field edges;

Field margin plots to record new arable field margins that form part of land management
agreements;

Hedgerow plots recording diversity alongside hedgerows;

Hedgerow diversity plots to record woody linear feagsirand their physical condition;
Streamside plots to record streamside diversity and,;

Stream bank plots to record the upslope habitats.

Mapping of these measurements to specific Glastir outcomes is available in Appendix 3.1 and
interventionsin Appendces 4.5a and 4.5b.
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3.6.3.5 Soil sampling P e
These measurements will contribute to the Glastic = =
outcome: @mbating climate change through soil carboﬁ

storage assessmeritnprovingwater and soil managementff{w
due to the direct link between soil and water qualignd ;
also underpins modelling work to forecast maintaining ant "
enhancing plant biodiversity as soil quality is a
constraint on habitat suitability for a range of plants.
addition, the soil sampling assesses major components @
soil natural capital Wwich underpins the delivery o it
ecosystem services, particularly provisioning and regula
services. In the way that financial capital can be assessed
the quantity of money in the bank, soil natural capital c4
be assessed by the stocks of nutrientdprbass and &
organisms etc in the soil (for further discussion see chap ef
8). :

Soil samples were collocated from each 1km square to enable changes in several key topsoil
characteristics in response to Glastir interventions to be studied (Chapter 8koilteamples were
colocated with each of the five nested vegetation plots. Four soil samples (for chemical, physical,
and soil biological analysis) were collected from the top 15cm of the soil profile and a fifth, for the
invertebrate sample from the to@Bcm. Many of the methods were comparable with those of
Countryside Survey to enable comparison with the 25 year record of topsoil change (Eetrakett
2010). Soils were analysed for 20 main parametse® (table 8.5.2.4.1)ncluding a range of new
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biodiversity measurements to try and better understand controls of soil function. This inclid¢a

for microbial diversity and function (testing new methods); and Microbial Diversity estimates using
terminal restriction fragment length polymorphism (TRFLP)cwiprovides information on the
relative abundance of different bacterial and fungal species.

A total ofca. 1,500 soil samples were taken across the first year of survey.

3.6.3.6 Headwater stream survey
These measurements will contribute to the Glastitcome: mproving water and soil management;
Maintaining and enhancing biodiversity.

The physical, biological and chemical condition of headwater streams was recorded to assess the
impact of Glastir interventions on water quality (Chapter 8). To bébédidor inclusion within the
GMEP survey streams had to Féat 2" order, at least 500m long, with most of its catchment in the
square. Where squares had more than one stream suitable, the most representative of the square
(based on length of stream the actual square) was selected. Wachemistry, diatom community,
maaoinvertebrate community, aquatic plant community, hydromorphological and physical
charaderisticsof the watercourse (Rver Habitat Suvey Amended were recordedThe length of the
headwater streamsampling site is 500m of watercourse which defineghe limits of the River Habitat
Surveyarea. A 100m aqudic plant survey, 10mmaaoinvertebrate and diatom surveyand water
chemistry sampling points were all nested within this length ceett on the midpoint (Figure
3.6.3.6.1). TheRiver Habitat Survey is a description of over 150 potential river characteristics
recorded on a one 500m stretch of river in each fkoch a pools and riffles, overhanging trees and
physical structures. The maphyte survey recorded species presence and abundance over a 100m
length to give a mean trophic rank index of water quality. Five diatom samples were collected and
bulked from the central 10m readatdiatoms for assessing ecological status (DARES) timechssa

for macroinvertebrates across a -IGm reach were undertaken using standard RIVPACS
methodology (Wright et. al., 2000Environmental variables such as stream width, depth; surface
velocity: substrate; algae; plants; street lighting; sketch + ph@eS were recorded with the 10m
reach. The conductivity and pH of the water was recordegite] and an additional water sample
taken and filtered on site before being sent for alkalinity, soluble reactive phosphorus and total
oxidisable nitrogen analysike in laboratory.

The number of features measured and scale of survey mean that this is most likely the most
comprehensive freshwater survey ever conducted in the UK.

In the first year of survey 42 out of 60 squares were sampled for freshwater streams

RHS
(500m)

Aquatic plant
survey (100m)

Diatom (10m) &
Macroinvertebrate
sample area (10-15m)

Water
chemistry
‘ RHS spot-check 6

Figure3.6.3.6.1The nested spatial arrangement of sampling stretchesfor the different tasks at each
headwater sampling site.

Analysis of the data will take full account of the context of the sampling location within the wider
catchment upstream.
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3.6.3.7Pond mapping and sampling
These measurements will contribute to the Glastir outcomgs
Improving water and soil management; Maintaining and enhanc
biodiversity.

Two Glastir interventions relate to pond creation and condition a
measures werenicluded in order to assess the success of the
interventions. Apond was defined as body of standing water 23m
2ha in areawhich usually holds water for at least four months of t
year.All ponds present within the survey were mapped as part of t
habitat mapping exercise from which one was selected for a detailé!
physical, biological and chemical condition assessment. Phys
characteristics recorded included pond area, sediment and wal
depth, potential sources of pollution, surrounding land usf
Conductivity, pH and turbidity measurements made on site were an{
fitered water sample was set for laboratory analysis for soluk
reactive phosphorus, total oxidisable nitrogen & alkalinity. T§
presence and abundance of wetland plant communities regsrded ©
along with timed searches of surface and subsurface invertebrates.

3.6.4Description of QA activities

Despite every effort to ensure consistency between field surveyors by rigorous training, detailed
methodologies outlined in the field handbogkguality control and frequent communication, there

will inevitably be some variation. It is therefore important to produce a quantitative measure of
consistency and reliability of the data. As such, a QA exercise was carried out to capture and
understandthis variation and to ensure that there was no significant bias in the data collected.

In order to apply quantitative assessment of the quality of data collected, a series of Quality
Assurance visits were made to selected 1km squares throughout the spevied. It was decided,

to enable robust statistical results, to survey just over 10% of the total sample size for QA (7 out of
60 squares). QA squares were selected to represent the range of Land Class strata, to comprise
squares from both the WWC andCTcomponents of the survey and chosen to be evenly spaced
throughout the summer. The result was that 7 squares were selected each from a different land
class stratum, 4 of which were WWC squares, 3 of which were TC squares and all 7 were spread
evenly acrags the full field season.

The QA surveys were carried out the week after the field surveyors had completed their
assessments. This both minimised any differences resulting from temporal changes to vegetation
and ensured minimal disturbance to laogvners/managers. QA squares were resurveyed by CEH
experts in botany, habitat mapping and freshwater ecological senses techniques. Habitat mapping
was repeated over the whole 1km square where possible. All vegetation plots placed in the
southeast corner of thelkm square were rerecorded, if this was not possible then the sample
moved to the next quadrant in a clockwise direction. The vegetation plot QA used photographs and
sketch maps to rdind the plots and then recorded all of the species found. During tkésaise we

were also able to check the choice of location of plot types (those that were not randomly chosen
e.g. Y plots and D plots) and assess whether they were appropriate to capture all elements of Glastir.
The physical and botanical elements of theeshwater streams and pond survey wetso
resurveyed.
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Vegetation plot QA data will be analysed by comparing a series of metrics i.e. species richness,
species frequency and abundance, species composition and will look for patterns in the data of
underor overrecording of species and variations between team members.

Mapping QA data will be analysed in several ways.

1 Comparison of the number and type of Broad Habitat at the 1km square level (including
metrics such as habitat diversity and mean patee)si

1 Commonality assessment of attribute tables associated with individual point locations within
the square.

1 Detailed investigation of shapes and patterns of parcels and spatial configuration, also
including analysis of associated attributes.

1 More detaiked analyses comparing linear and point features and attributes used to describe
them

1 Surveyor efficiencychecking that equivalent numbers of features have been surveyed, that
surveyors had not missed recording features.

3.6.5 Bird survey
These measureents will contribute to the Glastir outcome: Maintaining and enhancing biodiversity

Six field surveyors were appointed by the BTO in February 2013, drawing on a pool of previously
known fieldworkers and new recruits, mostwho were already based in WaeAll had performed

well at interview and in specific audigsual tests conducted to assess their bird identification skills

for species found in Wales (photographs, sound recordings and a field test). The surveyors all had
previous experience of bird nmitoring, but were given training in the specific survey protocol to be
used at a session in Bangor in March to ensure that they understood the approach and to
standardize how they would conduct it as far as possible. They were then each assigned a set of
survey squares near their Welsh bases, in order to minimize travel time.

The survey protocol was designed to provide a robust estimate of the total numbers of breeding
pairs of birds of each species found in each survey square and thus of change avar firture
surveys, as well as information on the habitat patches in which individuals were recorded. Thus, the
results provide information on local abundance and the selection of habitat types, such as Glastir
habitat management. The protocol operates d@he same spatial scale as the national
BTO/INCC/RSPB Breeding Bird Survey (BBS), but involves more intensive fieldwork, so it provides
more accurate measures of local abundance and is more appropriate for surveying smaller samples
of squares (6®0, verss thousands) with lower rates of repetition (feyearly, rather than annual).
Mapping of the likely success of the survey to directly record priority species is presented in Table
4.6.1 withothers reported using proxy measurements from habitat conditgumlity combined with
species distributiomlata (Chapter 4 and Appendices 4.5a and 4.5b).

The surveys consisted of four visits to each square, equally spaced throug¥iamdld to midJuly.

On each visit, the surveyor walked a route that passed within 80atl parts of the survey square to
which access had been secured, beginning at ardu®@0 and taking up to five hours. Weather
conditions were recorded, but surveys were not conducted in conditions known to affect the
detection of birds,i.e. strong winds and more than light rain. The survey route was started in
different places on each visit, so that all areas wasited at least once before 08:08ll birds seen

or heard were recorded on higtesolution field maps using standard BTO activity codlae. survey

route followed was also mapped, including recording of areas that had been poorly covered (e.g. an
open area of 200m across with survey routes along either edge, such that large species could be
seen but small ones not flushed) or not coveredg( a woodland to which no access had been
secured). Recording and standardizing route coverage (where surveyors actually walked) was
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important both between visits and to ensure comparable repeat coverage when squares are
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The outputs of the survey fieldwork were, therefore, four completed field maps per 1km square,
which were completed as planned. The maps are now back at BTO headquarters in Norfolk and will
be processed over the next few months, but no bird count dataateavailable for summary
analysis or presentation. It is expected that systems for doing this will be more clearly established
after the first year in 2013 and that summary bird count data will be available more quickly in the
future. The approach to prassing the field maps will be G8sed, whereby bird locations, species
identities and activities are digitized on detailed land parcel maps. The data will then be summarized
to output best estimates of total numbers of each species per square (integrétindata from each

visit) and can be analysed to reveal associations with anyuaadr habitat maps that are available

in a GIS format at a suitable resolution from CEH, including the locations of Glastir management,
although it only makes sense tovist time in such analyses after a few years of data have been
collected. Further details of the analytical approaches that we plan to use with these data are given
in Chapter 4.

Finally, all the 2013 fieldworkers expressed enthusiasm for participatinigeirsurvey again next

year, although it is never certain that contract staff will be available for work in subsequent years of
a survey. If they are available as we would hope, it would aid consistency of survey effort and survey
efficiency because traing requirements would be minirsad.

3.6.6 Pollinator survey
These measurements will contribute to the Glastir outcome: Maintaining and enhancing biodiversity

Butterfly Conservation subcontracted nine experienced ecologists to survey 1km squares &cross s
regions of Wales. A further region was covered by a BC employee. Pollinator surveys focused on
three main pollinator groups: butterflied ¢pidoptera: Rhopaloceyabees Flymenoptera: Apoidea

and hoverflies Diptera: Syrphidae Butterflies were recoreld to species level, whilst bees and
hoverflies were recorded as groups based on broad differences in morphological features associated
with ecological differences. In addition, the abundance of common flowering plant groups (identified
at the time of surey) was also recorded using the DARPORcale. Surveys were split into two
independent parts: a standardised 2km transect route through each?®fkitowed by a timed
search in a 156 flower-rich area within the square. Surveyors undertook the biosecurity
procedures defined for therogrammeas a whole.

Transect routes: transects were established following the Wider Countryside Butterfly Survey
(WCBS) method. Surveyors established a 2km transect route through each square. This route was
split into two appoximately parallel 1km routes separated by at leastraChd where possible at

least 250m in from the edge of the square. These routes were subdivided into ten 200m sections. In
each section the number of each butterfly species and bee and hoverfly grithin a 5nf
recording box were recorded as the transect route is walked at a steady pace. The -RAFOR
abundance of flowering plant groups was recorded for each transect section. At the end of the
transect walk the weather conditions were recorded: temgara (°C), sunshine (%) and wind speed
(Beaufort scale).

Timed searches: surveyors identified a 15Gtower rich area within the 1km square. In this area
numbers of butterfly species and bee and hoverfly groups (the same as for the transect recording)
seen within a 20 minute period were counted. Surveyors recorded whether these pollinators were
visiting flowers or not, and which flowering plant group they were visiting.
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Weather criterion: surveys weronly conducted between 10:0éhd 16:0Q or between09:30 and
16:30 if >75% of the survey area wassltaded and weather conditions were suitable for insect
activity. The criteria for suitable weather were: temperature between 11 arf€ ivith at least 60%
sunshine or above 2T regardless of sunshine, awith a wind speed below 5 on the Beaufort scale
(small trees in leaf sway).

Mapping of the survey to Glastir priority species is presentedgpendices 4.5a and 4.5Buture
versions of this table will identify if the Target species is directly mondtanereported through
proxy measurements from habitat extent and condition combined with species distribution data
(Chapter 4 and Appendices 4.5a and 4.5b

3.6.6.1 Quality Assurance

A training workshop was held for all surveyors to familiarise them thithmethod. Data for the
surveys were entered using a website setup for finegramme Surveyors submitted photographs

of butterfly species and pollinator groups seen during their surveys for ID confirmation. Photos were
reviewed by experts to verify igification. In addition, quality assurance visits were conducted to

the seven 1km squares selected for QA. Visits were undertaken by experienced CEH surveyors,
repeating the surveys using the same transect routes as the surveyors at a similar timerto the
second survey visit in August.

3.7 GMEP Data acquisition

3.7.1 New baseline data

Two areas of high uncertainty were identified for monitoring the effects of taashagement
interventions on the carbon balance. Firstly, carbon accumulation and los®tcha monitored in
LISHG az2Aata @Al GKS 02y @Sy idAz2ylf Wiz2LAa2A(Q Y2yAl:
monitoring programmes, because the carbon stored in peats can extend to a depth of several
YSGNBazZ YIFI{Ay3a | Wa lappich iDdffdctivd B Qrdey't5 eraldeNS t6 Bifgri
rates of peat carbon accumulation, we are developing a plmased approach, whereby the
composition of the vegetation community can be used to estimate change in accumulation rates.
The method requirea calibration dataset of representative short peat cores on which recent carbon
accumulation rates will be quantified, by measuring carbon accumulation between a set of dated
horizons within the peat, determined using a combination of radaope and caronaceous
particle analysis. By relating peat accumulation rates to current and past vegetation cover, we will
derive a simple empirical model which can then be used to indirectly monitor peat carbon
accumulation rates by recording changes in vegetatiorecas part of existing plant surveys.

A second area of uncertainty is the role of grassland management (such as fertilizer addition and
grazing intensity) on GOCH and NO sequestration or emissions. We are constructing trailer
mounted continuous gaBilux monitoring systems which will be deployed initially across a range of
grassland types to identify which grassland types and under what conditions they act as a sink or
source of the three different greenhouse gases. This is necessary as there igonalr@nsensus
OdZNNBy iif e dzll2y 6KAOK ¢S OFy NBLEZ2NI OdaNNByid G§NBy!
(i.e. a site at which a selected Glastir intervention has taken place and one remaining under
conventional management) in order to assegsether the intervention has altered greenhouse gas
fluxes. These results will be used to test and if necessary enhance the performance of the models
being used within theprogrammeto simulate the effects of management change on emissions.
Although the mdile flux systems will be used to study the effects of grassland management during
the currentmonitoring and evaluation programmeéhey have been designed with the flexibility to

be deployed to other areas (for example areas of woodland planting) shbhigddé considered a
priority in future. These sensors will be deployed with landscape scale soil moisture sensors
(COSMOS) for which a national network with live streaming has just been deployed by CEH
(http://www.ceh.ac.uk/cosmos/livedata.html) Soil moisture is a critical factor which drives rate of
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greenhouse gas emissions from soils and thus will significantly increase data interpretation and
model parameterisation.

3.7.2 Informatics associatedith the survey
The integrity, security and auditability o
data and analysis results are fundament
to the success of GMEP. Laying foundatio
to ensure this has required considerabl
effort in data management and field surve
systems preparation. Thigpproach has
provided well managed, quality surve
data, with a clear audit trail for subsequen
analyses. Tasks to achieve this ha
included:

9 Preparation of data managemen
systems and security protocols fo
data access

1 Development of internal Web & and wikis folprogramme communications and field

survey support

Acquisition of reference data sets from third parties including Glastir data

Conditioning of data required for preliminary analyses and for supporting field survey
Software development ofiew and existing software systems to enable digital data capture
in the field

Hardware procurement and configuration for use in the field

Support of field survey teams for software and hardware fixes and maintenance (including
visiting teams in the field)

Checking in and validation of field data returning from the field.

Loading and integration of field survey data with other references data sets in a geospatial
database in preparation for analysis

= =4 = =4 =

= =4

The GMEPprogramme has benefited considerably from the

tel YQa SELISNASYOS IyR FILOAtAGASE F2N ylLidA2yl t &dz
but considerable effort been necessary in preparing and
supporting data management for this new programme. This has ——e -
put the programmein a good position to start developing th
analyses requéd by a wide range of stakeholders.

New databases have been established to enable the validat
safe storage and dissemination of GMEP data, including
protection of site locations and personal information. Web sit
with secure logins have been prackd to share documents and?
transfer data to and from remote teams in the field. The
programme has procured 17 ruggedized field computers a
developed 7 different software applications for digital capture
field data. The main mapping application hagbadapted from
approx. £6M software investment fronrorestry Commissionf
and NERC. This now supports the field protocotsuired by
GMEP The other applications have been developeéhouse as
part of the Informatics work package to ensure integrity oftea
area of field survey (e.g. River Habitats Survey). Further
information on all of the field applications is given in Appendix 3.6
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These applications and hardware have all been maintained and supported through the first field
season by the informatics &n ensuring safe capture and storage of data despite any software and
hardware issues.

As a result of the preparation of data management systems, development of Web sites for survey
support and data transfer, deployment of field data capture systemssamgort for field survey
0SIFyaz GKS FTANRG &SINRa RIFGF 2F GKS Da9t TFASER
integrated databases. These data can be audited through each validation stage and are a strong
foundation for the next stage of anais and model development.

3.7.3 Integration with existing data sets

To meet the data requirements for each work package of the GpMeframme CEH have worked

with the Welsh Government to license and obtain a range of existing datasets from various
organisations and government bodies such as NRW, CCW, EA, Ordnance Survey, NSRI, Cadw, Defra,
Intermap and more. All GMEP datasets are held on secure network within confidential folders, with
access only permitted for a limited number of staff from the infatibs team. Any othestaff that

require access to datasets must submit requests to data managers and sign a data license
agreement. Spatial data access can then be granted through the GMEP spatial database (SDE), with
each user permitted readnly accesso the specific datasets requested. Obtained datasets consist

of GIS spatial data, complete databases, lookup tables, and spreadsheets, which can be grouped into
8 major types, as shown in Table 3.7.3.1. Descriptions of the 50 primary datasets wittén thes
groups that have been requested for the GMEEBgrammeare listed in Appendix 3.7.

Data Type Description

Contextual Base data for mapping and field surveying such as Ordnance Survey
MasterMap and aerial photography.

Habitats Habitat survey resultsahd cover mapping and forestry.

Soils Soil type locations and properties data.

Designated Areas Extents of special sites and protected areas.

Hydrology Elevation, catchment, and water quality and extent data.

Historic Historic sites, landscapes, andvemonment features.

Farm Holdings Land parcel boundaries and ownership details.

Glastir and Past Agrienvironmentscheme target areas, and scheme uptake extents ar

Schemes options.

Table 3.7.3.1 Types of existing data sourced for the GiviiefPamme

3.8 Rationale for modelling
The GMERrogrammeexploits models to address gixogrammeneeds:
I.  Models will be used to provide estimates of variables for which direct measurement at all
sites is problematic or impractical.
Direct measurements of certain vables at all sites may be problematic for a number of
reasons. There may be analytical constraints due to lack of laboratory or field instruments or
procedures that can directly measure the variable of interest (e.g., field scale estimates of C
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fluxes). @mpling constraints may arise from the spatial or temporal context of the variable
of interest (e.g., measuring photosynthesis of tree top leaves; measuring daily C fluxes
without affecting the plot, etc.). Logistical constraints may present difficultiehen
transporting timesensitive samples from remote field plots to laboratories (e.g., P analyses
need to be completed within 24 hours). Even if sampling and analysis techniques for a
variable are feasible for each site, it may not be practical to maleetdineasurements at all

sites due to limited time and/or budget constraints (e.g., GHG emissions by eddy covariance
methods) or due to lack of ancillary data at the plot or field scale (e.g., water discharge for
direct measurement of pollution runoff). kuch cases, models can provide estimates of the
problematic variables at all sites based on the measured values at a few sites using empirical
methods {.e., regression models) or procebased simulation (e.g., diffuse pollution
models).

Models will be usd to contextualize and upscale sampling results.

The GMEP program is underpinned by a statistical sampling frame based on 1km squares.
Within each of the randomly selected or targeted 1km squares that are surveyed, many of
the variables of interest areasmpled at one or a few points (e.g., soil C content, GHG
emissions, water qualitgtc.) or plots (e.g., NPP, species compaosition) within the square. GIS
modelling techniques are used to derive the landscape context (habitat, soil type, elevations,
upstreamactivities etc.) of each of the sampling points or plots within the square and its
surrounding area. GIS, empirical and prodeased models are then used to extrapolate the
results to the full 1km surveyed square and quantify the importance of the soding area

on the responsiveness of the variable. The conceptualised results for each surveyed square
form the basic metrics that will be used in assessing effectiveness of Glastir measures in that
locality. To provide a national assessment for the whdlg/ales, the information obtained

from the surveyed squares must be upscaled to the national level. This upscaling will be
accomplished using GIS, statistical and prot's®d models to provide a statistically
rigorous, scientific, evideneeased framewdk for evaluation the Glastir program. In
subsequent years of the GMEP program, additional squares will be surveyed (and exiting
squares will be resurveyed). The modelling framework provides a means of incorporating
the new data and updating the nationstale results each year to provide increasing
statistical power and robustness for the program outputs.

Models will be used to explore scenarios of land management interventions and their
expected benefits.

A key outcome of the GMEP program will be evidebased, landscapscale models (e.g.,
LUCI, ADAS; see Chapter 2) that can be used to simulate the effects of changing land
management practices on the landscape of Wales providing early feedback on the likely
success of Glastir to WG. Scenarios of futurangles in farm management in response to

the Glastir program can be incorporated into the models at thecatishment scale (ADAS)

or subfield scale (LUCI). The effects of prescribed Glastir measures can be simulated
individually or in various simultaneogembinations. The effects of different rates of uptake

of Glastir measures can be evaluated. The spatially explicit basis of the models allows the
targeted nature of theAdvanced Glastir program to be assessed. Applying the models over
time allows examintion of the rate at which expected benefits appear under various uptake
scenarios. At the national scale, the models will allow Glastir managers to examine ranges of
alternate implementation scenarios, considering simultaneously the measures implemented,
the rate of uptake, and the spatial locations of participating farmers. The consideration of
such alternate scenarios can provide a basis for selecting an optimal Glastir implementation
strategy. At the farm scale, the models can be used in consultatidgnimdividual farmers to
develop efficient, cost effective local measures. At the farm and community scale, the model
scenarios can be used to engage individual Glastir participants and local farmers associations
in discussions of alternate implementatiorlaps leading to a wider perspective on and
public appreciation of the Glastir program.
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Models will be used to explore potential synergies and ta@tie in benefits derived from
Glastir.

The LUCI model (see Chapter 2) can provide spatially explicit ftvedfatbe simultaneous
changes in a number of variables in response to the simultaneous adoption of a number of
Glastir measures. This provides a powerful tool to identify the locations and spatial extents
of regions where the outcomes of multiple Glastireasures are all positive (wigin
situations) or are mixed with some measures providing benefits at the expense of losses in
other desired outcomes. In the latter case, the model can make explicit the nature of the
trade-offs and conflicts, leading to aare informed decision in terms of implementation of
measures. The spatial output of LUCI provides further information concerning whether the
trade-offs arise from local landscape conditions (only certain areas in Wales showing the
conflict) or whether themeasures may be mutually exclusive in fMales applications.

2 A0K [!'/LQ&a loAaftAadGe G2 NM¥zy FfGSNYyFGdS AYLX Sy
provided with a tool to examine alternate implementation schemes that would minimize or
eliminate tradeoffs and maximize benefits. Given the broad range of prescribed
AYGSNIBSyGA2ya IyR RSAANBR 2dziO2YSa Ag/AyDEt | aiA
situations can be realized. Faced with an inevitable traffeLUCI can provide important
information and guidance in setting priority measures and areas for Glastir adoption.

Models provide a framework for generating hypotheses against which the field data can be
checked.

The GMEPRrogrammeis grounded in the scientific approach using hypotheses toctivgy

frame questions and evaluate outcomes. Models represent current scientific understanding
i.e. hypotheses and therefore provide a framework to test the GMEP data. Inconsistency
between data and models will highlight where further exploratory warkeéeded in either
checking the validity of the data and/or improving our models. This iterative process
provides both an independent method for data quality assurance and a pathwiayptove
predictive tools.

Models provide rapid feedback on intervensand their effectiveness

Many of the Glastir interventions under investigation within tim@nitoring and evaluation
programmerelate to outcomes which could potentially be slow in responding. Hence the
time taken to feedback on the effectiveness on sonmenventions to the Welsh
Governmentcould be slow. The design of the field survey and sampling scheme means that
this long term trend and response will be captured and reported in future years. However, it
is often necessary, especially with a new schesueh as Glastir, to respond quickly and
adapt some measures and interventions to ensure the environmental goals of the scheme
are met. Using modelling techniques will help to provide some feedback on Glastir
interventions without the need to wait long terfor a response from the field data. Using

the collated set of models, as previously described, the effects of some interventions on
environmental indicators will be examined and hence rapid feedback, albeit with uncertainty
and caveats, can be provided.
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NERC Centre for Hydrology & Ecology and programme partners would like to thank all the
landowners, farmers, and other land managers who gave permission for the field surveyors to
collect data and samples from their land. Without such cooperation, stieefield studies like the
Glastir Monitoring and Evaluation Programme would not be possible.

Special thanks are due to Anthea Owen our Farmer Liaison Officer who arranged access permissions
with landowners and coordinated the biophysical and pollindield teams. Our thanks also go to
Kelvin Jones who coordinated the bird field teaBBsonwen Williams and Emma Waters provided
invaluable project support to the management of the field survey.

Field survey team:

Biophysical surveyAspey, N., Davies,,&Everingham, E., Fells, A., Fitos, E., Hardeyackson, E.,
Koblizek, E., Meilleur, E., Nuttall?,;Pedashenko, H., Ryan, F., Seaton, R., Vasilev, K., Waftace, H.
Winder, Jan.

Bird surveyBamford, R., Carter, D., Everett, C., Small, J. and ¥audh

Pollinator surveysClarke, S., Ellison, M., Green, D., Haycock, A., Haycock, B., Kelsall, J., Knight, T.,
Sazer, DSmith, A. and Tordoff, G.

Quiality assurance field tean®arbutt, A., Maskell, LMountford, O., Norton, LS$carlett, P., Smatrt,

S., Williams, P. and Wood, C.
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4. Biodiversity

Smart, S.M, Astbury, &, August, T, Botham, M., Cooper,'J, Emmett, BA, Hall, 4, Harrower, C.,
Henrys, B, Isaac, N, JarvisS!, Maskell, L, Norton, L%, Peyton, 3, Powney, &, Rorke,S.,
Rowland, €, Roy, D’, Scholefield, ®, Siriwardena, G, Wagner, M and Wood, €

'CEH LancastéiCEH BangofCEH Wallingford BTO

Why biodiversity? The conservation of biodiversityWales recognizes the value people place on a
rich heritage of wild species and habitats. Some habitats and species have a stronghold in Wales
whilst being rare or absent elsewhere in the UK and Europe so that Wales has a particular
responsibility for their monitoring and conservatforwhile the importance obiodiversity reflects

the values placed on it by people, some of these values are harder to quantify than others. They are
nonetheless important, including for example conservation of wild species and habitats for their
cultural, spiritual, aesthetic andecreational importance. In 2007 the Environment Agency Wales
SatAYlIGSR OKBSRGBDOURDAEEE O2yGNARGdzG SR | G241t
Welsh economy which exceeded the total agricultural output in 2011 of 1.3 bifiar\ales 2007
Therefore the contribution of biodiversity to prosperity, wbking and job creation in Wales should

not be underestimated.

Policy context

Policy drivers for the conservation of biodiversity in Wales reflect both global to regional trends and

the need to engage with the human drivers of these trends. The goal of sustainable rural
development within the EU Rural Development Program seeks to achieve economically and
ecologically sustainable use of land and water. This recognizes a requirement fosingver
ecosystem degradation and the loss of underpinning biodiversity. In Wales, the Glastir scheme is a
significant component of the Rural Development Program and so contributes to fulfilling a number

of statutory obligations and targets relevant to biogligity. These are derived from agreements at

global (Aichi targets), European (European Union Biodiversity Strategy (EUBS) plus Habitats and Birds
Directives) and UK levels (Wildlife and Countryside Act and Natural Environment and Rural
Communities Act). ® LJ NI A Odzf I NJ aA3IyAFTAOIYyOS A& GFNBSG o
O2y iNROdziA2Y 2F | IANRKOdzf G dzZNB I gfRVal@s2iNBranedNdgri G2 0 A
environment scheme funding is seen as one of the most important mechanisms foerigjiva

largescale rebalancing of production, ecosystem service supply and biodiversity to achieve
sustainable rural development. The remainder of this chapter describes progress and future plans

for assessment of the outcomes of the new Glastir-agironment scheme on Welsh biodiversity.

We apply a combination of approaches including data collection within the 4 year rolling monitoring
programme, modelling and analysis of existing monitoring schemes.

* Biodiversity is defined as the number, variety and variability of living thirtts//www.unep-
wcemc.org/whatis-biodiversity 50.htm)l. It encompasses species, genetic and ecosystem diversity.

® http://www.biodiversitywales.org.uk/erGB/Sectior2-Lists The Section 42 list for Wales builds on the

Priority Species and Priority Habitats originally identified in the UK Biodiversity Action Plan. The section 42 lists
F20dza FOGADAGE 2y GKS O2yaSNIBIGAZY 27F &3S GudEi® ¢ yiR/ RSN
the Natural Environment & Communities Act (2006).

® This figure did however include biodiversiglated support via agenvironment schemes within the
GoAf-REAFE | OGAGAGEE &aARSO®

" According to the 2010 June Agricultural Censustdatad agricultural area in Wales is 1,709,714 ha (including

sole rights and common grazing, and woodland and unproductive areas on farmland). Only 1,210,283 ha is
crops and improved grassland, and 409,919 ha is rough grazing. This equates to 81% af thedatrea of

Wales (2,122,466 ha).
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4.1 Achievements in Year 1:

T
1

=A =4 =

Habitat, plant, birdand pollinator surveys completed in all GMEP squares with protocols
modified specifically to optimize detection of Glastir impacts.

Habitat keys updated in consultation with NRW including changes to indicatoespests

and updates

Preliminaryassessmant of the extent to which the distribution of the planned GMEP survey
squares overlaps with those of priority species and habitats of conservation interest,
exploration of three case studies and mapping of interventions with measurements to
identify if drect or proxy measures will be reported.

Assembly of contextual datasets to enable estimation of future Glastir impacts on
biodiversity in light of the legacy effects of past schemes and the past and ongoing impacts
of other drivers such as climate, lande and air pollution.

Application of the MultiMOVE niche model ensemble to explore forecasting of the effects of
Glastir prescriptions on plant species. MultiMOVE was applied to two test catchments and
four measures. 21 plant species were modelled wheeehewas drawn from existing
Countryside Survey plots representing the catchment land classes and habitats targeted by
each prescription in Wales. Of the total number of species and meaqaefic projections

run for common species, 30 (75%) were consisteith the expected impact of Glastir
however these changes were projected over relatively long periods.

Production of new 10km plant species pools based distribution data holdings and
corrected for over and underecording using the newly developed EERCALO algorithm (Hill
2012). These species pools were subsequently used to aid species selection for MultiMOVE
modelling.

Completion of trends analysis for Welsh species gragiected by volunteer scheme$0

out of 18 taxonomic groupsad a net negatie trend from 1970 onwards with the remaining

8 taxonomic groups showing a positive net change trend. Common species are out
performing rare species in terms of the change in the probability of observing a species
between 1990 and 2000.

Completion ofafirst version of a Watchlist Indicator for species trends in Wales

Preliminary work testing spatial metrics of habitat connectivity

Compilation of criteria and datasets for testing the definition of High Nature Value Farmland
in Wales and measuring its pesg and future extent and ecological condition

Initiation of work to extrapolate outside of 1km GMEP squares using remote sensing data so
as to enable inference of monitored and modelled quantities across Wales

4.1.1The role of biodiversity

Increasinglyevidence highlights the functional role of biodiversity. Certain ecosystem processes are
vital to human life support on earth, especially in the face of a growing global population and the
uncertainties posed by climate change. Given these pressures ogysiems a precautionary
approach to maximizing the ability of landscapes and ecosystems to adapt to suddenly changing
human needs emphasizes the maintenance of functional diversity. This can be narrowed down to
the importance of specific kinds of organisrauch as pollinator plants and insects, nitrogen fixing
plants and bacteria, soil organisms that process organic matter releasing nutrients for plant uptake,
storing excess carbon in soils and plants, crops and timber trees and their wild genetic sedative
interdependent mycorrhizal organisms (Isbetl al 2011). The Wales chapter ofi¢g UK NEA for
example, stated that biodiversity contributes to social and economic prosperity in Wales by
underpinning vital ecosystem serviées

8 http://uknea.unep -wcmc.org/Resources/tabid/82/Default.aspx
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The ecosystem functioargument for conserving biodiversity is a powerful one because it indicates
how human needs for food, a stable environment and clean water can be put at risk by depletion of
functionally important species populations. Such arguments are also persuasivecah be
demonstrated that expenditure on for example, fertilisers and pesticides can be reduced as a result
of husbanding the free services that ecosystems proy&tenmarcoet al 2012) However, much is

still unknown about which taxa are important inyaone place and time (Luek al 2011). The case

for conservation of biodiversity as a way of ensuring vital ecosystem functioning thereddeeto

but does not replace the argument for conservation of biodiversity for wider moral, cultural and
spiritual reasons (Figure 4.1.1). Thus the wildlife of Wales as elsewhere is also valued because
species simply exist and we marvel at their diversity and beauty. We value their coexistence with our
own species even if most do not yet have an identified role inptipg us with an ecosystem
service.
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= provide essential ecosystem
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Figure 4.1.1: Adapted from Isbetl al (2011). While an increasing number of species are needed to
secure functioning over a larger number of ecosystems there are additional numbers of species that
may not yethave a proven functional role yet additional species are nonetheless also highly valued
for a range of cultural and aesthetic reasons. These values are likely to resonate much more with
people. However, functional importance is a new and often persuasidiéional argument for
conserving biodiversity.

Efforts to conserve biodiversity in Wales are also motivated by the fact that many wild species have
declined in population size (see for examgection 4.11.1)and many habitats have become
degraded in codition or been converted to less diverse habitgbes whose principal function is to
produce food and fibre and thus to satisfy essential human needs (Butehat2010; NEA). These
Waleswide and UKvide trends are consistent with global patterns abdiversity loss typified by

the dispersal and establishment of a relatively small number of species that are favoured by human
disturbance at the expense of locally distinctive species intolerant of the combinations of high
disturbance and elevated prodtiity associated with intensive langse (Sax & Gaines 2003;
McKinney & Lockwood, 1999; Smaitt al 2006). However, in Wales as in much of Europe, high
biodiversity is often associated with farmed landscapes. This is because many ecosystems and their
characteristic diversity reflect many hundreds of years of-aput farming. Yet while many species
require conditions associated with leintensity farming,including mixed farming with no artificial
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inputs, they are quickly displaced from the most intenspduction lands (Bignal & McCracken
1996). Given a growing global population the traaf€between food production, agriculturarea

and the intensity of production needs to be carefully weighed taking into account variation from
place to place in termsf future and current productivity and current biodiversity in addition to
existing land use requirements (see chapter 2).

4.2 Benefits from interventions / past schemes.

In Wales, funding from agenvironment schemes (AES) has been available sinceedHg 90s
including ESAs, the Habitat Scheme, Woodland Grant scheme, Farm and Conservation grant scheme,
Tir Cymen, Tir Cynnal, Tir Gofal and now Glastir. Spatially explicit analysis of the legacy effects of
previous scheme impacts on species and habfiatss a core part of the GMEP analytical strategy

for quantifying the future impacts of Glastir. This is because lack of change or relatively rapid change
could reflect an ecological starting point that has already benefited from a history of agri
envirorment funding. Detecting these legacy effects of scheme history will be highly dependent on
the quality and quantity of the data available. A more precise assessment of legacy effects comes
from having information about the exact duration and detail of theasures applied and where the
information is resolved at the level of individual fields and features. High quality data from the
previous Tir Gofal scheme has been made available tarthmeitoring and evaluation programme

and a next step is to develop ttanalytical strategy that incorporates these data into the detection
andattribution of scheme impacts

4.2.1 Initial assessment of Tir Gofal coverage within GMEP

Uptake of Tir Gofal has been extensive in Wales with most 1km squares having some level of
management intervention on farmland (Figu4e2.1.7). Note that this figure does not represent

total % Tir Gofal uptake in terms of size of farm holdings but represents the proportion of total area
in each 1km square actually subject to habitat managetrieterventions at the parcel level. In
addition to analysis of parcel areas under habitat management interventions, work will also focus on
guantifying the legacy of current and past management interventions on linear features such as
streamsides and heagpkrow.

Figure 4.2.1.1: Density of past and current Tir Gofal
agreements per 5x5km square. Shading shows the
total area of all farms in agreement.

It is interesting to compare this map with the
priorities placed byhe Welsh Governmerfor Glastir
within the Targeted element which may or may not
reflect actual uptake as the Glastir scheme moves
forward but which has been used to inform selection
of our Targeted sample squares (Figdr@.1.2.We
will be exploring the potential contribution of past
schemesuch as Tir Gofal in contributing to both
baseline conditions or land coming into the scheme
and responsiveness of that land to Glastir
interventions.
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Low Priority

High Priority

Figure 4.2.1.2 A map of the Glastir Advanced priorities having added up the scores for every 1km
squae across Wales. See Section 3.4.3 for further information how this map was created)

4.2.2 A review of assessments of the impact of AES schemes on species and habitats based on
previous findings for GB

A number of important conclusions can be drawnnfroecent reviews of the performance of agri
environment schemes across BritaBoatman 2013jncluding a review of Tir GofallécDonaldet al
2012).While there is evidence that AES schemes can generate change consistent with expectation,
ecological impas may often beminor and undetected. Three main reasons emerge from review
results. Firstly, generalised measures may not adequately target particular species or habitats.
Second, ecological change is inherently slow in habitats dominated bygstaving perennial
species suited to low productivity, climatic extremes or shade. Hence changes have been more
readily detected in arable systems where species maybe inherently faster growing and more
responsive. For example the review of Tir Gofal noted a greafieience of prescriptions on arable

land than grassland. Changes may also be slow because the interventions available constitute a
moderate impact on ecological resources and conditions and therefore need long time periods (>10
years) for change to occand be detectable. For example, Tir Gofal appeared to have resulted in
better quality habitat for butterflies than in neacheme land but with no effect so far detected on
butterfly abundance. The presence of such lag effects highlights the importanoeeasuring
changes in beneficial aspects of habitat condition as well as measuring the abundance of the target
species. Lastly, given the small size of ecological changes, monitoring designs often lack the high
power necessary to detect interventiairivensignals.

The importance of considering the effect of ecological starting points on subsequent responses to
interventions has also been highlighted. Good targeting of habitats means tsahame land is
often more diverse than nescheme land but if aéady of high quality this can either limit scope for
subsequent ecological responses or in other cases result in mloaage being likely because
interventions coincide with a more diverse and responsive species pool (e.g. Créthl@p02).

Existirg reviews of AES performance offer important considerations for GMEP.
1 Uptake of Glastir interventions needs to be extensive enough that sufficiesthieme land
coincides with GMEP squares for detection of ecological impacts.
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1 Baseline data on scheme lawais critical to help interpret starting conditions, targeting and
subsequent levels of change.

1 Scheme legacy must be available at the level of individual features (parcels and linear
features). In the case of Tir Gofal, this criterion is fulfilled.

1 Prior definition of response variables and criteria by which to measure and evaluate Glastir
impacts is essential.

SeeAppendix 4.%for a more comprehensive summary of the evidence for the impact and uptake of
agritenvironment schemes in GB and Wales.

4.3 Bodiversity in Glastir

Bundles of Glastir management prescriptions have been directly linked to specific biodiversity
features presumed to benefit from the implementation of each measure. The objective of GMEP is
to measure ecological change and reliabltimate what proportion of observed change can be
ascribed to the impact of Glastir given the possible influence of other factors such as weather in the
year of survey, nitrogen deposition, scheme legacy or other-sudhreme land use. This requires
analyss of change in biodiversity features alongside detailed spatially explicit information on Glastir
uptake in the GMEP squares. While we have access to Glastir information and datasets that quantify
other drivers of change the greater challenge will be nueiag the abundance of the rarer
biodiversity features many of which are a priority precisely because they are rare and localised in
Wales. Biodiversity features are also referred to as target objectives and can be grouped into
vascular plants, butterflieand moths, mammals, birds and habitats. Three initial assessments are
needed to plan for detection of Glastir impacts on these groups;

1. Evaluate the extent to which the GMEP sample surveys of habitats, vegetation, soils,
freshwaters, birds and invertebtes were likely to record priority taxa and habitats.

2. Determine for the rarest species whether GMEP 1km squares coincide with their known
range in Wales with respect to 10km square biological records.

3. Link the information recorded in GMEP surveys to edcth® Glastir interventions that, in
turn, already has an established link in supporting delivery of biodiversity target objectives.

The first step tells us how likely we are to actually record the biodiversity feature in GMEP squares,
the second indicas whether measured ecological changes are likely to benefit the species even if it
is too rare to be recorded in GMEP 1km squares because at least the species has been recorded in
the wider 10km square. The third step provides a framework for interpratiffgrent aspects of
ecological change in terms of their consistency with the expected impact of Glastir and so helps set
the scene for testing the hypothesis that observed ecological change has been driven by Glastir. This
step is needed because in masises the Glastir measure will indirectly impact the target objective

via changes in habitat condition and extent and it is these can often be more readily measured and
will respond to the intervention before the target organism does. For example the mea€?

Control burning is linked to the target objectives Black Grouse, Red Grouse and Heathland Plants.
While all three could be recorded in GMEP squares, habitat mapping allows for the recording of
Burnt vegetation as a Primary qualifying attribute imtreand bog (se€hapter 3). Hence signs of
burning would be recorded by surveyors yielding polygon level information that could be overlaid to
determine coincidence with uptake of the Glastir measure. Given sufficient recording of the three
target objecives change in their abundance could then also be analysed alongside both Glastir
uptake and evidence for the impact of the measure on heathland condition.

The initial results of the three assessments areAjppendces 4.5a and 4.5b This lists every

biodiversity target objective and every associated Glastir measure. Additional columns then indicate
whether the target objective can be measured in GMEP surveys or is too rare and will require
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assessment of range based on biological records centre datastAdund of provisional analyses
using BRC and NBN datasets is presented in the next sections but further work is planned to update
these figuresin particular, there is a need to use more recent data and at a finer spatial resolution
(i.e. 1km scale) tthave greater confidence in the @ocidence of priority species and GMEP survey
squares.This will involvecollaborative working with the wider recording community in Wales and is
especially needed for the animal taxa other than birdppendices 4.5a and.5b alsoindicates
whether the impact of the management intervention on habitat extent and condition, for example
water quality, plant species composition and derived indicators, vegetation height and tussockiness,
can be measured in the GMEP survey sgsam 23 out 133 measures habitat mapping is not likely

to detect any impact. This may be because the impact is either too subtle to result in a change in
habitat extent, in which case the impact may still drive changes in species compaosition which can be
detected in vegetation plots, or the habitat is not well sampled in GMEP, for example saltmarsh and
sand dune or because the intervention is too specialifedexample 14B Commit to 75%ugy
injection or 28 Retain winter stubbles. A flow diagranstiating how we have assessed whether
GMEP will be able to directly, indirectly or not report on impacts on biodiversity targets is presented
in Figure 4.3.1.

Analysis of current status and change in biodiversity

[AnalysePearLbordered\

Fritillary counts, Lapwing
countsor extent and
condition of Wetlandin
terms of measurespecific
response variables, Glastir
uptake, scheme legacy

k and other factors )

Canchange in target
be measured from
GMEP surveys?

No

DoGMEP squares coincide
with range of target from

BRC/Recording Societies'
data?

Targetoo rare for
GMEP assessmen

( \ (Estimateimpact on target viD

Quantifyoverlap;
this is the zone
where measures

measurespecific response
variables using known

i association between these

are most likely to and habitat suitability
Impact target \ (includes model application))

g /
Figure 4.3.1 Flowliagram assessing whether Glastir impacts on biodiversity target objectweke
measured in GMEP. Examples of target objectives are based on the case studies below.
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4.4 Detection of the impacts of Glastir interventions on biodiversity target objectives

case studies
4.4.1 Lapwing

Lapwingis a section 42 species and 62%tle¢ Wider Wales GMEP squares coincide with 10km
squares that had bre#ing evidence between 2002011. Lapwing has been linked in théelsh
GovernmentTargetchecker spreadsheet to 10 Glastir measures of which three are shown here. If
implemented then ecalgical impacts on habitat extent and condition will be detectable from
habitat mapping and vegetation plots from which a series of Target and meapaogfic variables

can be derived for analysis of their baseline status and subsequent change. If ptegeming will

be recorded in the GMEP bird survey.

Target objective: Glastir measures GMEP survey data that Target and measure-
captures measure or target specific response variables
N o
41A Grazing Habitat mapping and Vegetation height,
management of plots in unenclosed —Q tussockiness, bare ground,
open country land plantspecies composition
v
( 3 4 N\
Habitat mapping, Vegetation height, bare
1(_59 Unsprayed s vegetation plots in ground, plantspecies
SPringsown crops arable (X, A and M > composition, grass:forb
J plots) ratio
\, J \.
Links from Target ( A s r
Checker 403Additional Habitatmapping . ;
! Vegetationheight, plant
management ﬁ Targeted and species composition
payment- rewetting Streamside plots L
\,
\_ J
‘) GMEBBIrd surveys —9[ Lapwingcounts ]
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4.4.2 Wetland (Upland and Lowland fen and bog).

The constituent section 42 habitat are largely well represented in the current GMEP sample
including Fen 7 Reedbed, Purple Moorgrassl Rush PastureHowever Lowland Raised Bog is
scarce. 18 Glastir measures have been associated with the Target objective, four of which are shown
here. Expected impacts of the measures can be detected from habitat mapping and vegetation plots
and the data readily used tderive indicators of change in conditions such as % cover of Sphagnum,
vegetation height or presence of CSM indicator species.

Target objective: Glastir measures GMEP survey data that Target and measure-
captures measure or target specific response variables

41A Grazing
management of
open country

Links from Target
Checker Habitatmapping Heathercover,Sphagnum
d plots in cover, graminoid cover,
\ andp vegetation height, CSM

Wetland unenclosed land indicators
17 Blanket Bog
(Upland and
Lowland Bog
and Fen) 559 Grip blocking
Vegetation height,
133Lowland Habitatmapping tulssockine_ss, bare ground,
marshygrassland (=<3 andplots i lowland (<3| PeIPeces compostien
reversion (pasture) grasslands Eglllenbérg W, % ’cover of

sedge, % cover of rush,
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4.4.3 Pearbordered Fritillary

Peartbordered fritillaryis a section 42 species associated with habitats that arereiesented in

the GMEP sample (see Figure 4.5.2) such as lowland acid grassland, lowland heath and maritime cliff.
Also 56% of the GMEP sample of 1km squares fall inside 10km squares will®®dsecords for

the butterfly. Shown here are four of the IZlastir interventions associated with management for

the species. Habitat mapping and vegetation plots will yield data that can be used to derive
indicators of the measures on ecological conditions associated with the species, for example
presence of théarval food plant.

Target objective: Glastir measures GMEP survey data that Target and measure-
captures measure or target specific response variables

Habitatmapping and
plots in upland and
lowland grassland

Bracken cover, plant
species composition

\
15Grazed

permanent pasture
with no inputs

J
h Vegetation plots in
103 Scrub stock woodland and scrub

exclusion (X, Y, U plots)
7 Vegetation height, bare

N ground, plantspecies

44Mechanical composition, Bracken
bracken control
y
~
148Coastal
grassland (maritime

Links from Target
Checker

Habitat mapping cover,Viola rivinianacover

and vegetation plots
in Bracken and
Maritime Cliff (U, Y

Pearl
bordered cliff and slope)
Fritillary
GMEP
invertebrate Butterfly counts ]
surveys
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4.5 Coverage of section 42 habitats in the GMEP sample

The representation of section 42 habitats will vary between the Wider Wales and Targeted GMEP
samples. If habitat types are not highly clumped in their distribution ther¥der Wales sample of
stratified random squares should represent habitats in proportion to their actual abundance in the
countryside. In contrast the Targeted sample focuses on areas subject to packages of measures that
supportthe Welsh Governmenpriorities for Glastir fundingsée ChapteB). An analysis overlaying

the GMEP sample squares with data from NRW on the distribution of priority habitats has been
carried out. This shows that there is a close correspondence between priority habitat frequency in
the WW sample versus frequency in the total populataf Wales 1km squareBigure 4.5.1)Future
analysis will provide a more -itepth analysis of both plot and square frequenttyis likely some
habitats are so rare that sample size may be too smakhalysis.

Number 1 km squares across Wale

O T T T T 1
0 20 40 60 80 100

Number 1km squares in Wider Wales samp

Figure 4.51 Frequency of section 42 habitats in the Wider Wales sample forlpbtted against
frequency in all Welsh 1km squares. Data courtesy of CCW LBAP inventory.
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Some habitats are better represented than others in the WMles sample but this reflects their
abundance in the Welsh countryside. Priority habitats on acidic substrates in both upland and
lowland situations are well represented including heathland, lowland dry acid grassland and even
blanket bog. Fens, reedbedBurple Moor Grass and Rush Pasture, ponds and rivers are also well
represented but woodland priority habitatare much less common (Figure 4)5Phere are a
surprising number of traditional orchards in the Wales LBAP dataset which is unlikely tatlnedap

in GMERas surveyors as the survey does not inclgdedenswhich is included in LBAP

Purple moor grass rush pastur
Lowland dry acid graslan

Ponds
Traditional orchards

Upland heathland
Fen and reedbed
lowland heathland (include wet and dry
Rivers
Coastal floodplain and grazing mar:
Blanket Bog

maritime cliff
Fen flush spring componen

Fen swamp component reedbe
Fen basin valley flood mirt
Upland oakwood
lowland calcareous grasslan
Calaminarian grassland

Wet woodland
Upland mixed ashwooc
Saltmarsh
Upland calcareous grasslar
Lowland hay meadow
Coastal sand dune!
Wood pasture_parkland
Reedbed
Mountain heaths and willow scrut
Mesotrophic lakes
Lowland raised bog
Lowland Beech woodlanc
Limestone pavement

0 10 20 30 40 50 60 70 80 90 100
% frequency in Wider Wales GMEP squar

Figure 4.5.2 Frequency of section 42 (Priority) habitats in Wider Wales sample squares selected for
survey in 2012016. Based on intersecting the Countrgscouncil for Wales LBAP inventory with
1km sample square locations.

The representation of section 42 habitats in the sample squares visited in 2013 dmiysfal similar
pattern (Figure 4.5.)8 Somewhat greater representation of upland heathland, béitdog and rivers
in the Targeted sample reflectbe Welsh Governmenpriorities for focusing on soil carbon and
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water quality in the first 4ear survey cycle. Greater prominence of habitat types associated with
these priorities might be expected but i important to bear in mind that the data plotted are
presence in a 1km square, hence area cover may still be high. Moreover, the design targets an
unbiased sample of the mosaic of ecosystems associated with the priority layer rather than
stratifying by ad sampling within each habitat. Changes in the representation of habitats can be
readily achieved in future cycles by adjusting the priorities for 1km square selection but with the cost
of breaking continuity with different samples of squares surveyexVipusly(See Chapter 3 for an
expanded discussion on this issue)

Purple moor grass rush pastur
Lowland dry acid graslan
Ponds
Traditional orchards
Upland heathland
Fen and reedbed
lowland heathland (includé
Rivers
Coastal floodplain and grazik
Blanket Bog
maritime cliff
Fen flush spring componen
Fen swamp componeb(_
Fen basin valley flood mirc
Upland oakwoodt
lowland calcareous grasslan_
Calaminarian grassland_
Wet woodland |
Upland mixed ashwooc |
Saltmarsh |
Upland calcareous grasslarE

Lowland hay meadow
Coastal sand dune!

Wood pasture_parkland_ m Count of squares in Wider

wales sample2013 only

Reedbed
Mesotrophic lakes sample 2013 only

Lowland raised boc m
Lowland Beech woodlanc
Limestone pavement

0 10 20 30 40
Count of 1 km squares

Figure4.5.3 Frequency of section 42 habitats in the Wider Wales and Targeted samples of 1km
square visited in 2018e. Year 1 only Note that these data are based on intersecting squar
locations with the CCW LABAP inventory and are not based on the 2013 GMEP field survey results
since at the time of writing the survey is not complete. The full 4 year survey will increase coverage.
The Welsh Governmergriorities for targeting soil céwon and water quality are also readily seen

when the mean Glastir score attached to each 1km square per feature of interest are plotted for
each of the samples and for all squares in Wales (Figug). It is immediately obvious that
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targeting of 1km sqares with high scores for the priority areas is reflected as planned in higher
mean scores forhtese priorities within the Targeted sample. Adjusting the scores attaching to each
habitat, species, feature or priority zone would immediately result in a séwatified random
sample but weighted by the new profile of scores. The relatively high scoring for Biodivgrsity
Habitats reflects the high weighting given to the priority feature Coastal and Lowland S8®! (Fig
4.5.4). In fact 18 of the 165 Wider Walsguares intersect sea and 3 out of 30 of the year 1 targeted
squares ensuring that overall 10% of the sample will sample coastal habitats. Even so saltmarsh and
sand dune remain poorly represented (Fig 4.5.2). Intersection of the GMEP sample with SSSI is
shown inTable4.51. On average 3@of the Wider Wales squares intersect at least one SSSI while
53% of the year 1 Targeted squares intersect SSSI. While the proportions of the total surveyed area
that are SSSI are generally low, there is clearly scapgufantifying aspects of ecological change in

the wider landscape around a reasonable number of SSSI and assessing the role of Glastir in driving
that change. This decision is witihhe Welsh Government; it is not possible to cover all
requirements to thesame extentCurrentpriorities are reflected by the current GMEP sample.

Square type Number Area km2 Cumulative number of WW square
WW Year 1 11 (0.36) 3.05 (0.10) 11

TG Year 1 16 (0.53) 8.25 (0.28)

WW Year 2 14 (0.31) 1.76 (0.04) 25

WW Year 3 15(0.33) 6.87 (0.15) 40

WW Year 4 14 (0.31) 3.34 (0.07) 54

Table 45.1 Number and area of GMEP squares (with proportions in brackets) intersecting SSSI.

Water quantity

Water quality

Carbon
|

Biodiversity- Species Vascular |

plants |
Biodiversity- Species Mammals
|
Biodiversity- Species Butterflies All Wales
& moths ]
. . . . Wider
Biodiversity- Species Birds u Wales
Biodiversity- Habitats
—
0 0.5 1 15

Mean score per priority group and per 1km squar

Figure 45.4 Mean Glastir scores for the Targeted and Wider Wales samples and for all 1km squares
in Wales. The scores originate froine Welsh Governmerfsee Section 3.4.83nd have been applied

to each 1km square and each priority feature. The size of the scores reflects current priorities for
Glastir intervention and hence for monitoring in GMEP.

4.6 Potential occurrence of targeted bird species in GMEP survey squares

The recently completed Bird Atlas 200 project provides distribution information (winter and
summer) for all bird species in Wales at the scale of 10km squares in the nationdlhgsigrovides
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planned GMEP survey squares overlaps with those of birds of conservation interest.
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each of four spdes were recorded as at least possibly breeding are listed.

g SNB niN&eés2oNRideRce of BreedingBER Sy (i ¢
a0 yRFNR ONARGSNRIFOY
numbers of 10km squares in Wales, out of a total of 286 that fall at least partly in Wales, in which

Species Total 10km 2013 GMEP WWC and TG squa 20132016 GMEP WWC
squares in | Number of 1km| Number of Number of Number of
Waleswhere | GMEPWWC + | unique 1km 1km GMEP unique 1km
breeding TGsquares GMEPWWC + | WWC squares| GMEPWWC
evidence was| which fall TGsquaresas | only which fall | squaresas some
recorded within 10km some 10km within 10km | 10km squares

Atlassquares squares may Atlassquares | may contain 2
with breeding | contain 2 GMER with breeding | GMEP 1km
evidence in 1km squares in | evidence for | squares for
2013 2013 whole 4 year | whole 4 year
programme* | programme*

Chough 74 16 14 31 30

Curlew 162 40 36 111 103

Lapwing 148 29 24 92 83

Ring Ouzel| 49 13 13 29 27

TOTAL 286 60 - 165 -

GLRaarot Séx

Talde 4.6.1 Distributions of priority bird speciesthin GEMP 1km squares in 2013, and predicted for
201316 in total for the Wider Wales Component squares only, mapped onto Bird 18H{as
Squares where evidence of breeding has been recorded

*Targeted sgares cannot be selected ahead of survey year as depends on Welsh Government
prioritiestherefore final numbers are likely to increase significantly to approximately double to those
shown here when TG squares are added in.

The distributions of these sques was compared with that of the sample of GMEP1km survey
squares for 2013 (WWC and TG samples) then, separately, also compared with the distributions of
the complete sample of WWC squares for all fgaars available to date (Table 4.5.At present
analysis of the Targeted sample is only possible for the 2013 squares since the sample fordyears 2
has not yet been selected.

All four species are present in reasonable numbers of 10km squares in @RIEPsurvey squares

are found, suggesting that,rgvided that the right habitats are present in the 1km squares
concerned, there is a reasonable chance of recording the species. This is particularly evident in the
comparison of all four years of the WWC sample, when more than half of the 10km squestgshn

three of the species are currently found feature at least one GMEP monitoring square. A caveat to
this conclusion is that the GMEP will only be one or two of the 100 1km squares in these 10km
squares, so it is far from certain that the focal spedcidé$ actually be found in the GMEP square.
Nevertheless, the surveys are clearly taking place in approximately the right areas to facilitate
recording of these species and measurement of those habitat features and conditions that can be
further used to edtmate changes in habitat suitability for each bird species.

It is also important to note that the GMEP surveys are additional to existing recording under the
BTO/IJNCC/RSPB Breeding Bird Survey and the less structured, but probably close to complete,
surveys conducted for rarer species like chough by other groups. In addition, the BBS survey effort in
Wales is currently being enhanced by dedicated volunteer recruitment and training by BTO Wales,
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under funding from CCW (NRW). Together, therefore, these wsusoirvey resources are likely to
deliver better coverage of these species than has ever previously been achieved.

4.7 Potential occurrence of other targeted vertebrate species in GMEP survey squares

10km square records for other animal species listethaget objectives were downloaded from the

NBN Gateway on 26/09/2013 and then intersected with the GMEP 1km sample to produce the same

analysis as that carried out for priority bird species (Table 4.6.1). These figures are provisional and

require updatingas a result of further collaboration with the recording societies responsible for

collecting observation#n particular, a more recent baseline is required for some species that are

known to have undergone major declines in Wales, e.g. High Brown Britillaow only known from

one site Wales| 2 4 S@SNJ G KS FAIdzNB& 3IABS |y AYRAOFGAZYy 2

the GMEP squares. Even though the targeted squamrc201416 have been excluded because they

are not yet known, the figuresra at first glance encouraging. For all species except Water Vole and
SOKadSAyQa .+Fd 20SN) pmr: 2F (GKS wmnlyY alda NBa Ay

with one or more of the GMEP squares. As for the bird analysis the same major caveat; dpplie

10km square record may well refer to a small population in any one of the 100 constituent 1km

squares.

Specied Total 20km Number 10km squareg Number 10km
squares in Wales | coinciding with squares coinciding
(post-1980)° Targeted (2013) with Wider Wales

(20132016)
Barbastelle Bat 8 3 4
SOKauSAyQa |0 0 0

Greater Horseshoe Bat 39 6 14

Lesser Horseshoe Bat 125 20 59

Dormouse 57 5 25

Red Squirrel 101 18 54

Water Vole 50 6 17

Great Crested Newt 110 11 47

Freshwater Pearl Mussel | 34 6 16

Table 47.1 Coincidence between pe$080 10km square records for section 42 vertebrate species
listed as Glastir target objectives and the 1km squares in the current GMEP sample.

4.8 Potential occurrence of targeted invertebrate species in GMEP survesaseg

Post1980 records were compiled from the records collected and owned by Butterfly Conservation
and the Bees, Wasps & Ants Recording Society (Table 4.8.1). The level of overlap between 10km
squares and the GMEP sample is again encouraging. For exé#splef the Welsh 10km squares

with records for Peatbordered Fritillary and 72% of those with Marsh Fritillary include a GMEP 1km

° Data was downloaded from the NBN Gateway and is owned by the folloMnghibian and Reptile
Conservation, Biological Records Centre, Bristol RegiomabEmental Records Centre, Conchological Society
of Great Britain and Ireland, Devon Biodiversity Records Centre, Dorset Environmental Records Centre,
Environment Agency, Gloucestershire Centre for Environmental Records, National Trust, Natural England,
Natural Resources WaleBreshwater Habitats TrusRecord, the Biodiversity Information System for Cheshire,
Halton, Warrington and the Wirral, Royal Horticultural Society, Shire Group of Internal Drainage Boards,
Shropshire Ecological Data Network, Sda#st Wales Biodiversity Records Centre, The Bat Conservation
Trust, The Mammal Society, Tullie House Museum, Wiltshire and Swindon Biological Records Centre
®The 10km squares used in this analysis include records that may have a date range that extsidds ou
of the required filter 1982013, for example 1952000. A date range like 192000 for a species
observation indicates very little certainty of when it was actually made. This analysis includes such records, as
well as records that are definitelyithin the 19802013 date range (eg 20€#D10).
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square. The same caveat applies regarding the actual spatial proximity of survey square and species
population. These raragargeted invertebrate species will not be detected by the GMEP invertebrate
survey for the following reasons: the Pehdrdered and Marsh Fritillary occur outside the survey
period, i.e. their flight period is May and June, whereas the GMEP invertelhnateysoccurs in July

and August to coincide with the peak period for invertebrate populations in general. High Brown
Fritillary only occurs in one location in Wales having undergone major declines. The Welsh
Clearwing is an elusive species and is orgically detected through targeted surveys for emergence
holes. Bumblebees are only recorded to group level within the GMEP invertebrate surveys.

Species Total 20km Number 10km squarey Number 10km
squares in coinciding with squares coinciding
Wales (post Targeted (2013) with Wider Wales
1980) (20132016)

Peartbordered Fritillary 78 12 38

High Brown Fritillary 21 2 11

Marsh Fritillary 123 24 64

Welsh Clearwing moth 13 4 8

Shrill Carder Bee 9 2 6

Brownbanded Carder Bee | 32 1 18

Table 4.8L Coincidece between pos1980 10km square records for section 42 invertebrate species
listed as Glastir target objectives and the 1km squares in the current GMEP sample.

4.9 Optimising field survey methods for detection of Glastir impacts on biodiversity

4.9.1 Habitat mapping

Glastir aims to extend the area and improve the ecological condition of section 42 habitats as well as
a wide range of more common habitats that have high biodiversity or deliver important ecosystem
services such as flood control, food protian, recreation and carbon storage. To identify the
success of these interventions, the GMEP field survey records the extent of every habitat within the
1km square down to a Minimum Mappable Unit (MMU) of 20m x 20m. Linear features are also
important. Thetotal length of linear features is surveyed in each square and attributes recorded that
are subject to change as a result of Glastir imémtion. For example of thosed#anced Glastir
options that are linkd to delivery of biodiversity30% target the maagement of linear features
including field marips, watercourses and hedgeroi@eeAppendix 2.1for detailed field methods
andAppendies 4.5a and 4.5bpmaller patches of habitat are not mapped but vegetation plots may

be placed in these or some may tiescribed as point features. The classification of habitats is based
on the UK Biodiversity Action Plan Broad Habitats with Priority habitats (section 42 habitats) also
mapped yet where these can be referred back to a parent Broad Habitat. Habitats atiiedein

the field using a vegetation key that was originally developed for Countryside Survey and has been
circulated to many habitat experts. This key was further modified to reflect Welsh perspectives
following consultation with NRW habitat experts February 2013 following the pilot survey.
Additions include a lookup table between Priority habitats, Broad habitats, feature levels, Annex 1
habitats and NVC communities and also taking account of a classification of habitats and definitions
for Tir Gofdthat was revised for Glastir in 2011. Information from both of these documents was
used to shape the final vegetation key and habitat descriptions used in the GMEP field mapping
handbook. The outcome of this consultation and revision process was a kelyabitats that
reflected a Welsh perspective but maintained continuity with previous surveys such as Land Cover
Map and Countryside Survey, thus ensuring that joint analysis is possible.

To capture additional land cover information relevant to Glastienvéntions, two modifications

were made to the mapping software used by the field teams. For each polygon a mandatory field
was included to indicate the proportion of vegetation above and below 7cm in height. A tussockiness
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attribute was also included witBupporting information in the handbook. Both modifications were
included to allow surveyors to discriminate and record variation in vegetation structure relevant to
nesting and feeding for bird species.

4.9.2 Vegetation plots

Plant species compositicand abundance is recorded in fixed plots within each square (maximum =
67, average = 27). These plots are small enough to be assigned uniquely to one habitat type,
numerous enough to represent all the habitat types in each square, even the rare onegraptkd

in such a way that they form an unbiased sample that can be used to estimate properties of the
wider extent of uasampled habitat in the rest of Wales. The vegetation plot data provides for the
analysis of individual plant species changes and<slsumary variables that are useful in measuring

the impact of specific measures. For example total cover of nectar plants in arable field margin plots
or total Sphagnuncover in Blanket Bog.

Glastir target objectives include specific plant assemblageathitand Plants, Rare Plants, Arable
Plants and Arctid\lpine Plants. All these have low scores intelsh Governmenprioritisation of

1km squares relative to priority areas targeted in the first four year roll. Consequently they are
currently not the bcus of targeted 1km square sampling but could be shthddNelsh Government
priorities be redirected. However, because survey protocols require that section 42 habitats are
specifically targeted in every GMEP survey square, then any occurrence of $iéikébt to support

the rare plant groups will be sampled such as arable field margins, heathland and montane.

Applying the same approach as that used for rare bird and invertebrate species, analysing change in

the abundance of more common species camwpdully convey changes in habitat suitability for

rarer plants. Coincidence mapping of the known 10km square range with the location of GMEP
squares then indicates where ecological change is most likely to impact the target species. The
MultiMOVE model aa be used to directly translate abiotic conditions based on soil and plant
species composition into an indication of habitat suitability for a large number of the rarer plant
species gee section 2.5.1.1.2 arahapter 2). Whilst common plants are a tellingicator of habitat

conditions they are also of fundamental functional importance important. This is because the
R2YAYlIyld ALISOASAQ Ay lye S0O02aeaidSY RStEAGBSNI Y24l
forage grasses, common nectar plar@gragnummoss (also see case studi@ection 4.4).

While the majority of vegetation plot types and their associated recording protocols were adopted
from existing Countryside Survey protocols a small number of modifications have been made for
GMEP. All aréesigned to optimize detection of Glastir impacts on plant species composition and
vegetation structure.

49.2.1. P plots

A large number of Glastir measures apply to the sides of watercoursesmohéoring and

evaluation programmaeims to record changein both area and condition of these linear features as

this will be critical in whether they are effective in both connectivity and water quality control.
Countryside Survey streamside plots only record detailed species composition in a 10x1m quadrat,
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occurring upslope. A new perpendicular (P) plot was introduced to capture these changes. The P

plots project upslope at 90 degrees from the channel with plpecies recorded in a 1x10m strip.

Given the heterogeneity of the riparian zone, surveyors are asked to note down the number of
vegetation types the plot traverses such that this information repeated over time can be used to
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relate changes in species cposition with changes in the zonation of the vegetation and the role of
Glastir intervention in driving this change.

4.9.2.1.1 Additional guidance on locating targeted (Y) plots

The targeted plots aim to sample Priority Habitats or other patches of-sataral habitat not
sampled by the other plots in each 1km square. While we are required to maintain the emphasis on
sampling these rarer habitat fragments, the plots also provide an opportunity to focus on locations
eligible for Glastir intervention. Thefore a list of features and habitats was provided to surveyors
for guidance. An example would be where a Y plot location was being considered within Blanket Bog
and where unenclosed (U) plots had already sampled the vegetation at random. The surveybr woul
be advised to position the targeted plot at a random point along the total length of any unblocked
grip drains on the basis that these could be subject to blockingefdinohder Glastir dvanced. Then
repeated recording of the plot over time would convagy changes in species composition and
vegetation height.

4.9.3 Bird recording

Annual bird monitoring already occurs in Wales, under the BTO/JNCC/RSPB Breeding Bird Survey
(BBS), a scheme using volunteer survey effort to cover a random selection ofglikness every

year. This survey is designed to provide kemgn, largescale monitoring of bird and larger mammal
populations, and it can be used to test for signals of management, such asnagdnment
schemes, at similar temporal and spatial scaleg. @aveet al. 2010, Bakeet al. 2012). Ugo-date
background population changes for the whole of Wales, together, sample sizes permitithg
regional breakdowns, can typically be extracted from BBS data by early in the following year, e.g.
trend andyses including 2013 data will be possible early in 2014. However, the survey method is not
intensive and it does not provide reliable information on absolute annual population sizes in local
survey squares, or of the locations of bird with respect to -Boale habitat patches, because
coverage comes only via walking linear transects and using only two visits to each square means that
counts are potentially subject to considerable stochastic variation.

For these reasons, given the feyear, rolling surgy design being used in GMEP, a more intensive
survey protocol has been adopted, while retaining the 1km square sampling unit. While such bird
survey approaches are walstablished for sitespecific monitoring, it is novel for them to be applied

at the 1km-square scale in a national monitoring programme. The protocol is described in full in
Chapter 3, but the critical details are that it involves four visits to the survey square in which all of
the square (given access permissions) is visited and birtidnsaare mapped with respect to the
detail of habitat features. This means that the observed annual bird counts are much less subject to
stochastic variation due to chance factors influencing the detection of individuals, pairs or flocks
than in the BBSnd that the selection of habitat patches by birds can readily be investigated using
mapped locations from each survey visit.

Overall, therefore, the effects of Glastir on birds will be investigated in three complementary ways
by the GMEP: (i) periodidpngterm analyses of the effects on largeale bird populations using BBS
data and national ageenvironment uptake data; (i) changes in bird abundance or density in GMEP
survey squares over the foyear cycle of repeat counts with respect to the Glastanagement
within squares; (iii) annual or mullinnual analyses of habitat selection using mapped records of
birds within GMEP squares with respect to habitat type, including whether habitat patches have
been managed or created under Glastir. All thasalyses will focus on species predicted to benefit
from the management that is in place.
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4.9.4 Butterfly and pollinator recording

Butterfly and invertebrate recording is carried out in GMEP squares using methods based on the
Wider Countryside Buttefl Schemes, a component of the Biitterfly Monitoring Scheme. This
ensures that joint analysis is possible with existing contextual datasets. Field methods for GMEP
were modified so that additional invertebrates could be recorded and also their floralmess

These data are highly novel providing a unique opportunity to link invertebrate records to plant
species assemblages and potentially to the impact of Glastir intervention in the square.

An early indication of the extent to which the GMEP invertébrsurveys cover the rarer priority
species will not be known until the year 1 data are examined. Many rare species will inevitably not
be recorded particularly because the GMEP invertebrate surveys are undertaken in July and August
to coincide with the rain season for invertebrate populations; the survey therefore misses the flight
period of priority species in Wales (e.g. the main flight season for Marsh Fritillary anebBehated

Fritillary is MayJune).However, changes in habitat suitability basaa more commonly surveyed
features are likely to be beneficial where the rare species is in close proximity. Analysis of the
overlap between 10km square records and GMEP squares indicates that this could be the case for a
number of species (Table 4.8.1).

4.10 Analytical approaches examples under development in the next phase of work
A brief summary is given below of analytical work planned for the coming year.

4.10.1 Development of an integrated analytical strategy to detect and attribute changes in
biodiversity recorded in the GMEP program

A meeting will be convened in autumn 2013 to begin the process of developing an analytical
strategy. This will involve the statistics and informatics Work Package plus statistical consultants
from University of SAndrews and scientists from the Biological Records Centre and BTO. We will
begin to classify and clarify the questions to be asked of the data while moving toward a more
detailed specification of the input datasets available and the statistical modelg t@pplied that
reflects both the question and the constraints of the data.

The development of this strategy is likely to be a gradual process as analyses of yearly datasets
brings greater accuracy in our estimates of the power of the sample to detecgekan the large

range of attributes measured given increasing knowledge about the actual uptake of measures and
their coverage in the sample squares.

A basic set of questions comprise the following: What has changed and where? Why has change
occurred aa how much can it be attributed to Glastir? What is likely to happen in the future? The
research team has extensive experience in answering these questions for British landscapes and
ecosystems. This makes for efficient deployment of resources for new. Waalkso ensures use of

the best techniques and existing knowledge to optimize detection of the impact of Glastir
interventions across Wales given the influence of other drivers both past and present such as the
legacy effects of previous schemes. Somehef questions that we will ask of the data are novel
because GMEP is the first time a range of newly recorded and existing datasets have been brought
together in a way that allows these questions to be answered.

Analysis of changes in habitat attributasd species that are more common in the landscape also
offers scope for estimating potential impacts on rare species that may be infrequently encountered
in survey squares. Much is already known for example about how attributes such as successional
status,patch area, amount of hedgerow, vegetation height, soil productivity, water quality and cover
of dominant plants constitute a configuration of conditions that can be good for some species and
worse for others. This is the principle behind the use of thdtiMOVEmodel (see section 2.3.2)
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that projects the likely impact of an intervention on abiotic conditions and vegetation height and
then translates this into changes in suitability for range of plant species. Work will now continue
with colleagues from BO and input from RSPB on how we make further mbdséd links between
changed stocking levels, changes in vegetation height and plant species composition and impact on
habitat suitablity for priority bird species(see section 2.3.2 and Append3). These model
projections embody much existing knowledge and so constitute a powerful means of estimating
future impacts of Glastir over long timescales. However model projections can also be usefully
compared with observed changes in GMEP squares helpirgnimice the results of other analyses

that try to attribute signals to impacts such as Glastir intervention and to help identify unusual and
unexpected patterns that might not be apparent if the observations could not be matched with an
expected pattern bchange.

4.10.2Integrated analysis of multiple biodiversity responses and multiple drivers including Glastir
Ecosystems are typified by interdependencies between their component parts. For example soil
reflects geology, climate and above and belgwwund species composition but these are also
dependent on land management which also reflects the constraints imposed by climate which in
turn can reflect feedbacks from vegetation. Estimating the amount of change in GMEP observations
that might be attributible to Glastir intervention therefore requires careful framing of the question

as well as methods that can account for these interdependencies in a statistically robust fashion.
Part of our analytical approach will therefore be to develop and apply stiatiee art techniques for
finding the best fitting causal/correlative model for a particular question. Ordination models have
already been applied to quantify the patterns of covariation apparent among VWalkysindicators
marking the start of our appro&icto High Nature Value farmlan&€esection 4.1.2) Further work

will also develop and apply methods now being widely used to disentangle the causal pathways in
survey and monitoringlata (Shepparet alin press; Van de bewmg al2011).

4.10.3 Analysig the legacy effects of previous scheme impacts

An analysis of legacy scheme effects is scheduled for winter-P918his work will consist of an
application to Tir Gofal and Tir Cynnal management data of the analytical approach used bgtBaker

al. (202) to investigate the effects of the English Environmental Stewardship scheme on farmland
birds (see Box 3.4.1). Baketral. used BTO/JNCC/RSPB Breeding Bird Survey (BBS) data to provide
the first evidence for landscapscale impacts of aganvironment nanagement on dispersed

wildlife populations. The new analysis under GMEP will use the same data set (BBS covers Wales as
well as England) and the same, recently developed technique for the efficient modelling of
environmental influences on population growtates (Freeman & Newson 2008). The results will
indicate the extent to which the different individual management types in the legacy, AR &®ll as

the schemes as a whole, have driven changes in bird populations. The BTO will provide the BBS data
for this analysis, but spatially referenced data on Tir Gofal and Tir Cynnal management (as well as
any other historical management of interest tioe Welsh Governmeitwill be required, preferably

in the form of GIS files with the finest spatial resolutiongibke, to complete the work.

This work will fit within a wider analytical strategy for applying past scheme data to test the
hypothesis that equivalent habitat types in the same physiographic regions differ in species
composition between parcels and fesies subject to past AES measures. This analysis will provide
important evidence about the effectiveness of past AES management and, hence, lessons critical to
the success of the implementation of Glastir. Analyses will as far as possible be carriedosst ac
species groups. Detecting convergent signals across for example soils, waters, plants, birds and
invertebrates is a major goal. The unique power of thdomated biological recording carried out in

the GMEP squares gives an unprecedented opportuoityesting the hypothesis that crogaxon

signals of past scheme effects are detectable and that these influence subsequent responses to
Glastir. A complete test will only be podsilafter the end of the first 4ear rolling program. Year 2
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will involveagreeing and testing the technical means necessary to execute these analyses which will
in turn, be one component of a much broader integrated analytical strategy that seeks to quantify
interdependencies among biota but also with other drivers and respaasiables being measured

in other work packages.

4.104 Using remotely sensed data to estimate change and to upscale beyond the GMEP 1KM
squares.

The potential contribution of remote sensing will be assessed for change detection and for extending
the Bioad Habitat mapping beyond the 1km x 1km survey squdrdial maps will be cross
referenced with the Wales Fused Habitagpwhich uses a novel approach edmbiningremote
sensed data and expert ecological judgement. No change datariently plannedusing this
approachbut it will provide a valuable crosheck with initial conditions used by GMEmRen
released publicly The GMEPchange detection work will test a novel method currently being
developed under a JNCC project. The method uses a land classification to provide the land
cover status at time 1, whilst a remote sensing image provides data on land cover at time 2. The
change between land cover is assessed by calculating spectral distance between the core class
spectral properties (the bkiarea in Figure 9) and the pixels corresponding to that class. Pixels that
have not changed are expected to show standard spectral properties for their class andl will fal
the blue area of Figure 4.101. Pixels that have changed are likely to shoffedint spectral
properties and will fall outside the core area and will be flagged as anomalous.
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Figure 4.101.1 lllustration of the core spectral values of a class based on two spectral bands.

Figure 4.10.4.2: The two inpdata sets, with areas of Heathland (shown in red) from the Phase 1
Habitat Survey of Wales overlaid on a sumiwerter composite satellite image.
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Preliminary results are shown in Figurel@4.3 to illustrate the method. The coverage of Heathland

(defined as classes ENG) in the Phase 1 Survey (Figurg04.2) was used to identify heathland

FNBFa Ay (GKS alrdSttAGS AYlFI3IS FTNRY gKAOK @I f dSa
spectral properties. The spectral distance (essentially a megsdie 1 KS RAFFSNBYy OS 06 S
spectral values and the values of individual pixels) is then calculated. In future work the spectral
distance will be thresholded to identify outliers that will be assessed for change. The method will

only be able to dtect land cover change that results in spectrally distinct change. One of the outputs
produced by the work will be identification of classes that are likely to be spectrally distinct.

Figure 410.4.3 Land cover change due to the expansion of Penrhgm@QBethesda into areas
mapped as Heathland in the Phase 1 Habitat Survey of Wales. A) shows satellite data overlain with
Heathland areas (red polygons); b) shows spectral distance from core Heathland spectral values
(white areas show large differences)d c) shows an aerial photo of the quarry, illustrating its
expansion into the Heathland areas.

The second area of remote sensing, aims to extend the habitat monitoring beyond the field survey
squares. The initial work will involve a scoping study lapkina small number of survey squares in
upland and lowland areas. A range of remotely sensed data sources, from high spatial resolution
aerial photography to low resolution satellite data will be assessed, in conjunction with the field
survey data to detamine the potential for using the field survey habitat mapping to classify the
surrounding area. Some preliminary classification work has been conducted using Countryside
survey Broad Habitat mapping data with only aerial photography data as input (Fidxd.4).
Currently, there are some issues with the quality of the classification results, especially with water
and deciduous woodland. Future work will assess how much the classifications can be improved
given that aerial photographs have very limitsdectral information to work with; only 3 visible
bands compared to satellite data with 6 spectral bands, including keyisdrle wavelengths. The
classifications will then be extended beyond the 1km squares to the surrounding areas for the test
areas.
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photograph, a) aerial photograph, b) Countryside survey (CS) Broad Habitat Mapping data for the
square, c¢) pepixel classification and d) classificen summarised using €®lygons.

4.10.5 Habitat connectivity

Habitat fragmentation is known to increase the risk of biodiversity loss. Provision for improving or
maintaining connectivity between habitat fragments is supported by a number of Glastingpfor
example woodland expansion (AWE 24) and the creation of planted streamside corridors (AWE 9b).
High connectivity between patches of habitat provides pathways for wildlife to move across the
landscape allowing organisms to move away from pressomes particular area of habitat. Detailed

data collected by the monitoring programme on the size and location of habitat fragments within
monitoring squares will allow us to assess changes in habitat connectivity as a result of Glastir
interventions.

Habtat connectivity is highest where there are large patches of habitat that are close together and
lowest where there are small patches far apart. To assess changes in connectivity habitat data will be
used to assess the location, size and distance betweesisaof habitat. A number of approaches can
then be applied to quantify changes in connectivity over time. At present the LUCI modelling
platform implements connectivity assessment using the BEETLE model. This is just one of a number
of approaches. Furthework is required to test other simple metrics and to explore ways in which
existing datasets can be used to estimate dispersal distanceswviades range of target organisms.

Here we report application of the Probability of Connectivity (PC) m&haura &PascuaHortal,
2007)used to measure changes in connectivity. The PC index works by calculating the probability
that any two individuals dropped at random into the landscape both occur in areas of target habitat
that are connected to each other. The degrto which two habitat fragmentare connected is
dependent on the dispersal capability of the focal species and on the composition of the surrounding
habitat matrix. For example a broadleaved woodland species may be able to move further through
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coniferols woodland than arable land. The composition of the surrounding habitat matrix is
therefore taken into account by calculating least cost distances between each habitat fragment.

To show the potential for this model to identify changes in habitat connéctat a km scale a
square was chosen from the Countryside Survey where woodland expansion had occurred between
1998 and 2007, in this case onto arable land (figudd.8.1). Connectivity between broadleaved
woodland habitats was assessed in 1998, pigowoodland expansion, and again in 2007 using the
PC metric in the Conefqgrackage(Saura & Torné, 2009The resulting mosaic of tree saplings and
neutral grassland present in 2007 was considetecbe more permeable to the movement of
woodland species than the previous arable habitat, and therefore the connectivity of broadleaved
woodland in the square increased slightly. The potential future connectivity expected when the
planted woodland maturesvas also calculated and a large increase in connectivity observed due to
the increase in both habitat area and the creation of new connections.

Future work is planned to investigate integrating additional information from the monitoring
squares such asygetation data in improving the estimation and assessment of habitat connectivity.
The detailed vegetation data should allow us to identify changes in biodiversity linked to habitat
fragmentation and connectivity. The LUCI model described in section @sb3considers habitat
connectivity using an incidence function model (Waitsal., 2005) but it is not currently possible to
extract a metric of connectivity from the GIS toolkit. Adding the functionality to assess connectivity
at the 1km scale into th& UCI toolkit will increase comparabilipetween small and large scale
connectivity analyses.

A highly novel integration of the connectivity modelling and plant species MultiMOVE models is also
underway. Application of MultiMOVE to four Glastir measuiesiéscribed insection 2.5.The
expected impact of these Glastir measures is to ameliorate abiotic conditions making habitat
patches more favourable to target plants and therefore creating a more permeable landscape
mosaic. A complete assessment of chaggionnectivity therefore requires quantifying the spatial
dividend that arises from more, larger and better connected patches but also the favourability of the
conditions likely to prevail across the newly created corridors and patches. MultiMOVE owpaits (
section2.5) can be used integrated intooBefor as weightings that result in a more unified and
realistic expression of connectivity change since both spatial and abiotic changes are considered.
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Figure 410.5.1 Changs in connectivity observed in a 1km square in 1998, 2007 and a future scenario
of broadleaved woodland expansion. The Probability of Connectivity metric in each scenario was as
follows: 1998, 0.0123; 2007, 0.0134; future, 0.0909.

4.11 New analytical reslis from year 1

4.11.1 Analysis of biological recording data from Wales

Here we report preliminary work testing and applying the best methods for quantifying species
trends for a wide range of groups across Wales. A new prototype Priority Specieson@calso
demonstrated. Ultimately the goal is to be able to express the average value of the trend indicator
and how it varies from its average value with varying levels of uptake of Glastir having also taken
account of other factors such as historic sote legacy, habitat diversity and amount of seratural
habitat. The goal is to be able to correlate Glastir uptake with changes in presence of rare or less
often recorded taxa, many of which are not recorded in the GMEP field surveys. The firststapcal

is to develop and apply the best methods for taking account of variation in recording intensity. It is
these results and a presentation of the first version of the priority species indicator that is presented
below.

The impact of environmental changa biodiversity is welknown, with threats such as, habitat loss,
climate change, invasive species and pollution, frequently related to biodiversit{Bloghartet al.,

2010 Magurran & Dornelas, 2010UK National Ecosystem Assessment, 2011)However,
investigations into biodiversity loss in Britain have tended to be restricted to a core set of taxonomic
groups, primarily birds, butterflies and plants, which all have a hispry of structured recording.
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The wide taxonomic scope, increased maturity and accessibility of species distribution data through
the NBN Gateway (NBNjttp://data.nbn.org.uk/) is now a key worldkading resourcefor
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increase in public participation in biological recording, the size and taxonomic breadth of species
distribution datasets are expected to ri§8ilvertown, 2009Dickinsoret al., 2012 Miller-Rushinget

al,, 2012, and in turn will open umew opportunities to address ecological research on poorly
studied taxonomic groups.The use of such data has been limited by the latkampropriate
analytical methods for measuring trends across a range of species groups while accounting for
variation in data collection protocol and/or spatial and temporal recorder effort. Recent advamces
analytical methods provide a basis for ovaring the spatial and temporal biases inherent in much

of the 90+ million records made available via the NBN Gateway and many other biological records
databases.

In this study, we evaluate the potential of opportunistic biological recording data to egtitrenids

in the biodiversity of Wales. We examined trends across 18 taxonomic groups, many of which are
poorly studied, and provide an example indicator of status for a subset of priority species. We test
the performance of various analytical techniquesestimate trends from relatively unstructured
biological recording data, and collate the best of these into an R packagsstiorating trends in
ALSOASEAQ adl Gdza FNBAydRdJI2 NIdzyAadA O LINBaASYyOS

4.11.1.1 Methods

4.11.1.1.1Data

We extracted 1 xkm gridded (monad) distribution records from the Biological Records Centre (BRC)
for 18 taxonomic groupsTéble 4.1.1.2.1.1, covering 1990 native species. Only distribution
records that were recorded between 1970 and 2009 were included in the analgséata quantity

is lower prel970. The use of this data for reliable trend analysis requires consultation with
recording scheme experts to excluded species that are known to have taxonomic issue or specific
patterns in recording bias that may confoutrénd estimates; wéhave initiated this review for the
monitoring and evaluation programme

4.11.1.1.2 Analysis

The use of unstructured gridded distribution data to determine change can be inhibited for a variety
of reasons, including spatial and tempbxariation in recorder behaviour, uneven recording effort
YR OKIy3Sa Ay Z0eihi® & Shaortas, RBTeketet dl.,2002 IApsat al., 2004

Rich, 2006;Tingley & Beissinger, 2008till, 2013. Many techniques have been developed to
account for such problems while estimating change trends, but currently we lack a coherent view of
which technique is best. We have undertaken a quantitative test of the perfarenaih available
methods under a range of realistic recording scenarios (Isaac in prepgmehdix 4.2).We find

that the wellsampled sites method (WPH8f Royet al. (2012) performedwvell under a variety of
recording scenarios where it produced accuratend estimates. The robust nature of the WSS
method made it the ideal choice for estimating trends across the wide variety of taxonomic groups
included in this study. The WSS method uses data at the visit level, and in our analysis we defined
visit asa unique date and monad (1km square) combination. The WSS method fits a separate
generalised linear mixed effects model for each species using the series of presences and absences
(taken from the visits) as the response variable with year included asd diffect and grid cell as a
random effect. The slope of the relationship with year indicates the strength and direction of the
temporal trend in the probability of observing the species in an average cell. Oniyanglled cells

were included in the malysis and these were calculated separately for each taxonomic group (due to
taxon specific patterns in recording). To be defined as-sastipled, the number of species
recorded in the cell had to be equal, or greater than the median number of speciesdesl across

all visits for the taxonomic group in question. Additionally, cells had to have at least three years of
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data, following the criteriaof Royet al. (2012). We developed y w L3p@tpdscdRppshdix
4.2 and https://github.com/BiologicliRecordsCentre/sparta, for further details) to run the analyses
in this study, and to make the methods available more widely to other researchers.

To produce a clear, interpretable metric of the trend estimates, we used the WSS models to produce
a decadatrend in the probability of observing a species in an average cell (referred to as the 10 year
trend, from here on in). For each species, we extract the fitted trend value at 1990 and 2000, from
the WSS model that was built using the full range of datatlie species in question. We then
identified the percentage change between these two fitted value, to determine the change in the
probability of observing the species between 1990 and 2000. For each taxonomic group, we
combined the fitted values for atlpecies to identify the net 10 year trend for the group in question,
and compared this to the median 10 year trend within each group.

4.11.1.1.3 Prototype priority species indicator

We used the trend estimates described above to develop a prototypeityrigpecies indicator for
Wales. The indicator assessment was carried out on a select subset of priority species, listed under
the Natural Environment & Rural Communities Act 2006: Sectiog Kigt of species of principle
importance for conservation of iblogical diversity in Wales (http://wbp.wisshost.net/species
35.aspx). This list included species that were considered to be of international importance to
conservationj.e. listed as threatened on the IUCN GloBad List (IUCN 2013), greater than50%

of the regional EU Red Lists or listed as threatened in other reliable sources. Species were included
if Wales contained greater than 25% of its EU or Global population and that the population has
declined by 25% or more in the last 25 years. Intamdispecies that have shown greater than 50%
declines in Wales in the last 25 years were included. Finally, species were included if they had
exceptional threat circumstances, such as a very restricted range size, as verified by taxonomic
experts.

The output from the trend analysis described above was used to derive the index. We extracted the
fitted value for each species each year, this value measures the probability of observing each priority
species on an average visit to an average cell. Thexifad each year is the geometric mean of the
fitted values, expressed as a proportion of the value in 1970 (set as 100).

4.11.1.2 Results

4.11.1.2.1 Species trends

We discovered widespread variation in the direction and significance of trend estimdtés amnd
between taxonomic groups (Figudel1.1.2.1.). Species were categorised into one of three groups
based on the direction and significance of their trend estimates; significantly increasing, significantly
decreasing and naagignificant trend (stale). We found that dragonflies & damselflies, moths and
grasshoppers & crickets had the greatest proportion of significantly declining species, with
approximately 30%, 20% and 20% of species significantly declining respectively. Dragonflies &
damselfliesand moths also had the highest proportion of significantly increasing species, with
approximately 33% and 37% of species increasing. Additionally, fish showed a large proportion of
significantly increasing species at about 25%. We found no evidencggrfiticant trend for any of

the longhorn beetle, soldier beetle or millipede species. Interestingly, the proportion of
significantly increasing species tended to mirror the proportion of significantly declining species
within each taxonomic group. TEhisuggests greater power for detecting trends within species
groups with larger quantities of available data.

To gain a clear understanding of the species trend estimates, we grouped species based on their 10

year trend. Again, we found widespread vapatin the 10 year trend within and between groups
(Figure4.11.1.2.1.3. We discovered that fish had the largest proportion of species with negative 10
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year trends, however many of these are msignificant as can be seen froRigure4.11.1.2.1.1

which showed that fish had a large proportion of significantly increasing species. Grasshoppers &
crickets and ants also had a large proportion of species with negative 10 year trends, while ants,
wasps and centipedes had the largest proportions species withrely declining (>80% decline in

the 10 year trend) trends. Notably, millipedes had the greatest proportion, approximately 80%, of
species with positive trend estimates, a trend that was reflected in the net trend across all millipedes
(Table4.11.1.2.11). When focussing on the groups with the largest proportion of dramatically
increasing (>80% increase in the 10 year trend) species, we found millipedes were joined by soldier
beetles, ladybirds and terrestrial isopods.

We found that 10 taxonomic gups had negative net change trends, with the remaining 8
taxonomic groups showing a positive net change trend. Millipedes, ground beetles and soldier
beetles had the highest positive net change trends, suggesting they are performing well as a group,
whereas grasshopperand crickets, ants and isopods all had strongly negative net change trends.
The comparison between net (total) change and median change across all species within a
taxonomic group can give an insight into the relative performance of radkecemmon species. A
positive net trend and negative median trend estimate suggests that common species are out
performing rare species in terms of the change in the probability of observing a species between
1990 and 2000. The reverse of this relatidpssuggests rare species have a greater increase in their
probability of being observed between 1990 and 2000. Ladybirds and isopods had a negative net
change trends but a positive median change trend, which suggests their rarer species are out
performingthe common species. While in contrast to this hoverflies had a positive net change trend
but a negative median trend, which suggests the common species are performing well but the rare
species are in decline.

156



Chapter 4- Biodiversity

Taxon Source Number | Number | Net Median
species | visits change | change
Fish Database & Atlas of Freshwater Fishes 20 924 -5.39 -63.03
Spiders British Arachnological Society, Spider Recording Scheme 328 408 -5.29 -20.73
Moths National Moth Recording Scheme 580 52909 10.44 6.03
Ants Bees, Wasps a@nAnts Recording Society 15 53 -18.52 | -27.46
Wasps Bees, Wasps and Ants Recording Society 106 165 -9.86 -18.01
Bees Bees, Wasps and Ants Recording Society 129 450 11.76 8.83
Ladybirds Ladybird Recording Scheme 18 51 -14.64 | 0.78
Longhorn beetles Cemambycidae Recording Scheme 12 23 3.83 9.75
Soldier beetles Soldier Beetles, Jewel Beetles and Glearms Recording Scheme 30 65 30.75 24.83
Ground beetles Ground Beetle Recording Scheme 183 453 52.46 24.15
Craneflies Dipterists Forum, Cranefly RecardiScheme 46 105 12.85 0.55
Hoverflies Dipterists Forum, Hoverfly Recording Scheme 165 2223 3.84 -2.74
Grasshoppers & Orthoptera Recording Scheme 20 218 -17.22 | -24.82
Crickets
Dragonflies & British Dragonfly Society, Dragonfly Recordiegadrk 31 5935 -2.62 -1.93
Damselflies
Millipedes British Myriapod and Isopod Group, Millipede Recording Scheme 25 23 117.87 | 96.88
Centipedes British Myriapod and Isopod Group, Centipede Recording Scheme 19 42 -6.23 -18.80
Isopods British Myriapod and Isopod Qup, Nonnmarine Isopoda Recording Schem¢g 23 116 -16.72 | 19.69
Bryophytes British Bryological Society 240 706 -13.07 | -3.36

Table4.11.1.2.1.1An overview of the taxonomic groups included in the study. The source column highlights the recording sthemesponsible for the
records. We illustrate the number of species for which trends were estimated and the number of visits that these estiradtased on. We also
highlight the net (total) and median percentage change across all species redgtidseach taxonomic group between 1990 and 2000.
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Figure4.11.1.2.1.1A bar plot showing the proportion of species in each taxonomic group that had a significantly increasing, a significeaindear a
non-significant slope in the relationshigetween probability of observation and year from the WSS model. The number of species for which trends were
estimated is listed in brackets alongside the name of the taxonomic group.
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Figure 4.1.1.2.1.2A bar plot showing the proportion of speciést 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 n@xenohtieegroup.
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4.11.1.2.2 Priority pecies indicator

Following the various exclusion and inclusion criteria, the composite indicator consisted of 89
priority species. Moths made up the vast proportion of these priority species with 81 species, while
six bees, one wasp and one odonate welsancluded. We discovered a consistent negative trend

in the composite indicator (Figuse11.1.2.2.7), suggesting that priority species in Waldsere data

is availabléhave declined over this period. In 2006, the species trend indicator was recardé&do

of its original trend estimate in 1970. From this we can deduce that the probability of observing a
priority species over the time period of this study declined by 45%.

species indicator

Year

Figure4.11.1.2.2.1 The temporal trend in the probability of observing dofity species on an
average grid cell in Wales between 1972 and 2006 (we omitted years without the full complement of
priority species). This figure highlights the steady decline in the trendtordhar priority species.

4.11.1.3 Discussion

4.11.1.3.1 Species trends

In this study, we estimated change in species trends across 18 taxonomic groups in Wales, finding
variation in responses: 10 out of 18 taxonomic groups had a net negative trend from 1970 onwards.
The loss of natural habitats is likety be the key driver of declines, with climate change likely to
ameliorate losses for some group. thermophilous insectsUK National Ecosystem Assessment,
2011, Burnset al. 2013). We discoveredidespread variation in species level trend estimates
within, and between taxonomic groups. This variation highlights the variety in species responses to
environmental changd,e. some species may benefit from certain aspects of environmental change,
whereas others may be driven to extinction. Dragonflidamselflies, grasshoppers, crickets and
moths had the greatest proportion of significantly negative trend estimates. However, further
investigation of the factors underlying declines is required before using these results to target
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groups for conservatn effort. The proportion of species with significant negative trends tended to
mirror the proportion of species with significant positive trends within each taxonomic group. This
may be due to certain taxonomic groups being inherently more unstablerinst of trend dynamics.
Alternatively (and more likely), this is an artefact of the positive relationship between the power to
detect a significant result and the number of visits from which trends were estimated.

4.11.1.3.2 Priority species indicator

The consistent downward trend in the probability of observing a priority species over the time
periods of this study identifies the need for continued conservation effort for these species. Many
of the species included were listed on the UK BiodiversitioAd?lan List (UK BAP), so would likely
have been targets for conservation effort in the past two decades. However, it should be noted that
species on the BAP list that benefitted from conservation effort and are no longer be threatened
may not be presenin this current list of priority species. In addition, due to the various data
exclusion criteria, the majority of species included in this indicator were moths. The work should be
extended to cover more taxonomic groups, including some of the moresialied groups such as
other invertebrates and plants.

4.11.1.3.3 Caveats

We use opportunistic and relatively unstructured biological recording data for our analyses, much of
which were collected by volunteers for documenting the distribution of speanielsnot explicitly for
measuring trends. The data were selected on the basis of availability and suitability for analysis, and
therefore may not be representative of all species within the taxonomic group. For example, the
stringent exclusion criteria fothe analysisife. exclusion of very rare species) may have restricted
the majority of trends to the widespread generalist species. Additionally, restricting the analysis to
Qo &t fYL)t SRQ aAiSa O2dzZ R KI @S SR dhive ofitHelyolR of S& G A Y I
Wales, but were focussed on the trends in locally wwaeliveyed regions. This is more likely to be an
issue for the taxonomic groups which have low numbers of visits included in the analysis (e.g. long
horn beetles, millipedes and nepedes). The data included in the analysis was restricted to those
collated by national recording schemes and societies and published and peer reviewed within
distribution atlases. Although it was not feasible to collate and review additional datartiwatbe
available from the network of Local Records Centres in Wales, these sources would be likely to
provide valuable additional data for recent years. Finally, these trend estimates have not been peer
reviewed by species experts, so subtle patternsetording effort or behaviour that we are unaware

of may have caused artefacts in the species trend estimates.

4.11.1.3.4Conclusions

We have demonstrated the potential of opportunistic biological recording data collected by
volunteers for measuring cinge in biodiversity within Wales. We provide a more taxonomically
comprehensive assessment that has previously been available, offering the potential to assess the
status of species providing key ecosystem fundti@ng. pollination, pest control, nutnig cycling).

We found widespread variation in the trend estimates between species and taxonomic groups, and
the ability to understand the drivers of this variation is vital for improving conservation effort.
Identifying trends in the trait characteristiof declining species can help determine the key drivers

of biodiversity change and can enable the prediction of high threat risk species. We recommend a
trait-based study of species trend estimates as an ideal area for future work.

4.11.1.3.5 Future w; developing links to Glastir

In the next phase of work the application of Welsh species distributional data to GMEP objectives
will be further progressed. Three main areas of work are envisaged, all of which seek to make more
spatially explicit links dtween recorded grid cells, the GMEP 1km square sample and therefore to
areas with known variation in uptake of Glastir measures over time.
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9 The highest priority is for downscaling species records to the 1km square resolution. This will
allow species poslto be defined more precisely, albeit probabilistically, for the GMEP
squares. By downscaling rare species records we will be able to estimate with greater
precision the extent to which rare taxa, especially those that are the focus of Glastir
measures, ee likely to occur in any one square and therefore to be exposed to the potential
benefits of related Glastir measures. These more precisely defined species pools will also
allow MultiMOVE modelling of scheme impacts to be based on more realistic se&ofion
rare plant species. This phase of work will also require collaborative working with the
recording societies in Wales to ensure that the most accurate and contemporary data can be
used.

9 Having developed a priority species indicator a key question & wlakes some species
winners and some losers. Seeking to differentiate groups of changing taxa based on their
traits is an established approach that can help define species at risk as well as estimate likely
drivers of recent trends.

91 Further statisticadevelopment work is also needed to explicitly model whether trends in
the priority species indicator are correlated with differing levels of scheme uptake over time.
This work involves major analytical and dagdated challenges. Initial work will be ciaal
out in parallel with WP3 addressing similar needs for the analysis of GMEP survey data over
time. A sensible approach will be to trial statistical development on the legacy of past
scheme uptake including ESA and Tir Gofal as they have applied tdMBEB.Ghe aim will
be to recalculate the priority species indicator in a way that allows spatial variation in uptake
of Glastir and its impacts over time to be expressed as well as including the effects of other
covariates such as climate regime and thoaetdrs linked to the definition of High Nature
Value farmland such as total proportion of semaitural habitat and habitat diversity. Hence
using Fig 4.11.1.2.2.1 as the example, one would wish to additional lines estimating trends
likely to coincide wittdiffering proportional uptake of Glastir options. Expectations need to
be carefully managed in light of thheductionsin statistical power likely when drilling down
to fewer sample squares, fewer taxa but involving a larger number of-gueelated
covaiates.

4.11.2 High Nature Value farmland

Previous work (Parcghiniet al., 2008) carried out at the European scale and within Wales looked at

the concept of High Nature Value farmland and how it might be defined and applied. The GMEP

team have been tsked bythe Welsh Governmento explore these concepts and propose new

ARSI &YX ONRGSNRAIF YR YSUNAROA GKFG YAIKG ©6S F LILX A
indicator to create a baseline extent and measure changes in extent and qualitgrédenducting

this work in consultation with a range of partners and stakeholders who are also interested in the
potential value of this metric. Specifically this has included a small working group involving CEH,

BTO, RSPBIRW andhe Welsh Governmentvho met in April 2013; a RSPB workshop with a wide

range of participants from across the farming and conservation section in May 2013; and a GMEP
Steering Committee in June 2013 with representative from the farming commuhigy Welsh
GovernmentNRW and Pha® | gARS Nry3IS 2F @gAasSsa 6SNB SELN
YSGNRO 2F tAGGES @I tdS 6KAOK O2dzZ R O2yFdzaS NI (K
O2YYdzyAOFc(iS 2SN} ff GNBYyRa Ay O0A2RAGSNEAGEE D

[ FYR 6KAOK A& 2 ¥sndkasiBifined: it inaizNda stbljettideSatd contentious
SESNDAES OK22a8Ay3 gKAOK StSYSyia o6Sai NBLNBaSy
consistently measuring change to create a structure that uses objectively measured criteria.

It has been generally agreed that HNV (e.g. Andeedeal 2004) carbe broken down into 3 types

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

Type 3 may overlap with types 1 and 2 but some rare species may be associated with biologically
simplified agricultural areas with low habitat diversity.

The need for measures to prevent the laxfshigh nature value farmland is widely acknowledged
(Parrachinkt al. 2009 as part of the Habitats and Birds directives and rural Development Policy. The
challenge is to identify such land based on consistently collected data, at a suitable resohation a
then review if the information provides a useful addition to the reporting system for GMEP.

4.11.2.1 Progress during year 1

There have been a number of meetings with stakeholders to discuss the concept of HNV and how we
might develop an indicator in thGlastir Monitoring andevaluation Programmeresulting in some
decisions in scope and terminology and proposals for future work. A small working group involving
CEH, BTO, RSPB and NRW was convened and agreed:

T

= =4

The term HNV farmland would be used ratheathHNV farming, farm type has been looked

at in previous case studies (ethe Welsh GovernmentEN) but its usefulness has been
guestioned so the type of farming will not be included in a classification system.

We should keep it simplethere is flexilility in the guidance we can exploit

There were would be major benefits to objectively test out coincideafddNV with range of
Natural caital and Ecosystem Services maps wittiia Welsh Governmenand NRW. Is

HNV coincident with delivery of high levelsboth?

It was important to consider extent and condition separately potentially as there may be
areas which are potentially suitable for species but do not have viable populations due to
size and or condition. Condition was likely to be more usefubfigroing monitoring.

We asked stakeholders to propose criteria and datasets that might contribute to an indicator
and have constructed a summary spreadsheet resulting from this consultation which links
criteria to metrics and datasets (Table #.2.1.1.).

It was agreed that it would be useful to look at case study areas for HNV that the HNV topic
group were familiar with e.g. East Carmarthenshire. This has not yet been done, in practical
terms it is easiest to assemble relevant data, metrics and criteatoomally across Wales
OAYyOf dzZRAY 3 [ { YR Da9t M1 Y &l dzZ NB & 62 déifQr OK
particular regions to discuss in a workshop. A follgw workshop will be arranged in winter
201314

4.11.2.2Proposal for an HNV indicator

1.

2.

BASELINEtow much and where is it at time 1?
T We propose using existing datasets, expertise and results as proposed by topic
group members to estimate the extent of HNV farmland across Wales. This will

involve using external datasets additional to the GMEP monibrind dzOK | & b w?2 .

Phase 1 and Land Cover Map as well as GMEP 1km square data to understand
complex relationships between criteria.
IMPACT: How has HNV farmland changed?

T Change in indicators of extent and condition across Wales by counterfactual and
Glastir &nd where feasible (N.B. we will not use condition to define baseline as the
danger is HNV could not get better but only deteriorate). GMEP data will be used to
determine change as the rolling programme progresses, we will also explore the use
of other technigues e.g. remote sensing combined with field survey (see above) to
measure change.
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Habitat criteria

Metric

Potential dataset

Mosaic of semnatural habitats

Proportion of semnatural
habitat in 1km square

NRW Phase 1, CS 1km squares, GME
1km squares

Area of ancient woodland

Area of ancient woodland

NRW Priority Habitat

Area of priority habitat

Area of priority habitat

NRW phase 2 habitat layers, CS 1km
squares, GMEP 1km squares

Habitat diversity/

Diversity indices (Shannon o
Simpsons evenness)

NRWPhase 1, CS 1km squares, GME
1km squares

Number of habitats

NRW Phase 1, CS 1km squares, GM
1km squares, LCM2007

Patch size

NRW Phase 1, CS 1km squares, GM
1km squares, LCM2007

Spatial configuration

NRW Phase 1, CS 1km squares, GM
1kmsquares, LCM2007

Habitat connectivity Habitat connectivity for NRW Phase 1, CS 1km squares, GM
woodland plants 1km squares, NFI, LCM2007
Habitat connectivity for NRW Phase 1, CS 1km squares, GM

wetland plants

1km squares, LCM2007

habitat cannectivity for
butterfly e.g. Marsh fritillary

data on nectar plants from Cs and
GMEP, data on nectar plants from BR(

Habitat connectivity for honey
bee health

data on nectar plants from Cs and
GMEP, data on nectar plants from BR(

habitat connectivityfor red
squirrel

NFI, protected zones map for red
squirrel, LCM2007

habitat connectivity for great
crested newt

CS 1km squares, GMEP 1km squares

Presence of water: running

Length of streams

CS 1km squares, GMEP 1km squares

Presence of water: still

Areaof standing water

CS and GMEP 1km squares,

Length of vegetated boundary

Length of vegetated boundary

CEH Linear product using LCM, LIDAR
and CS data, Fused habitat map, GME|
1km squares,

Designated areas

{{{LQa

Spatial layer

Topographic diversity

5m DI'M, NextMap

Species criteria

Species data

Species richness in sample
plots

Vascular plants, Bryophytes, pollinator
soil invertebrates

Species data: e.g. database of
scarce/rare/declining species;
breeding bird data; areas
important plant / fungi aras

Species richness in 10km
squares

BRC data, BTO Bird Atlaggesence
absence data,

Presence or abundance of key
bird species/Presence of key bir
assemblages

BTO Bird Atlaspresenceabsence data
and some abundance data from 2607
11; BTO/JNCC/RSPR@&Iing Bird
Survey annual abundance data;
GMEP Bird survey data
abundance/density

Species richness maps

Richness map of functional
diversity

Species complementarity map

Optimise gamma and beta plant
diversity.

CS and GMEP plots
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Habitat criteria Metric Potential dataset
Ecosystem geice indicators growth form cover (trees and| CS and GMEP plots
shrubs, Sphagnum, grass:forl
ratio),
pollinator plants and sugar | BRC 10km data, CS and GMEP plots
reward
pollinator plants and sugar | CS and GMEP plots
reward
CSM indicator richness. CS ad GMEP plots
Freshwatemacroinverebrate CCl and O/E total taxa CS and GMEP data
data and associated metrics frof
survey in sample squares
Other
Management intensity Various measures IACS/Edina Agcensus
Area identified in Advanced Points Welsh GovernmenGlastir Advanced
Element of Glastifor enhanced maps
habitat or species payments

Table 4.1.2.1.1 Proposed criteria for analyses of HNV farmland

4.11.2.3 Achievements in Year 1

4.11.2.3.1Analysis of habitat diversity metrics for 1km squares

At the stakeholder meeting in July, NRW presented the work that they have already done using the
phase 1 habitat data to calculate the cover of seriural habitat and the diversity of sematural
habitats in a 1km square. These are two measures which mayséful to identify HNV farmland of
types 1 and 2. The advantage of the phase 1 data set is that it provides a continuous cover of every
1km square in Wales, however the disadvantage is that it was last updated in 1997 and cannot be
used to measure change

The GMEP habitat data should be compatible with the phase 1 habitat data. We have used
Countryside Survey data which is collected using similar methods to GMEP to test this and using the
method applied by NRW fealculated diversity and the proportiorf seminatural habitat within a

1km square for overlapping squares.

To calculate percentage cover of semaitural habitat, each habitat class was labelled as either
modified or semhatural using criteria provided by NRW.

The diversity of semmatural haitat per 1km square was calculated using the Shannon diversity
index (H) using the same method as NRW substituting habitats for species and 1km squares for
habitats.

% seminatural habitat| Count of Percentage of Count of Percentage of
m square squares in squares in NW/ squares in C§ squares in CS
NRW

60-100 4409 20 40 37

24-60 4550 21 39 36

12-24 4364 20 19 18

6-12 3788 17 5 16

0-6 4643 21 4 4

T-Value = 4.8 ®alue = 0.000
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Diversity of semi| Count of guares | % of squares in | Count of % of squares in
natural habitat/1km| in NRW dataset | NRW dataset squares in C§ CS dataset
square (H") dataset

1.13-2.23 4458 20 45 42

0.75¢1.13 4375 20 35 33

0.47¢0.75 4066 19 14 13

0.24¢ 0.47 4338 20 9 8

0-0.24 4517 21 4 4

T-Value = 5.9 ®/alue= 0.000
Table 4.1.2.3.1.1

There do appear to be significant differences between the metrics depending upon which dataset is
used. The CS dataset appeared to have a higher proportion ofrsdorial habitat and habitat
diversity. T tests comparing the reples suggested that they were significantly different. There
needs to be more work on the compatibility of the methods for describing habitats. The graphs
below compare the relationship between the proportion of sematural habitat in a 1km square and
habitat diversity (Figure 4112.3.1.1). A similar relationship can be seen in both datasets.

a) CS b.) NRW
2.5
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Figure 4.1.2.3.1.1 Shannon diversity index plotted against % of -samoiral habitat for a)
Countryside Survey 1km squares in Wddeg\ll 1km squares in Wales (NRW Phase 1 Habitat Survey)

4.11.2.4 Exploring the coincidence of HNV and Ecosystem Service Indicators

Previouswork (Maskellet al 2013) used large scale yet fine grained monitoring data from
Countryside Survey to identify series of ecosystem service indicators and to explore interactions
between them. These included; soil carbon, a covegighted plant trait (Specific Leaf Area (CSLA))

as a surrogate for Net Primary productivity (NPP), plant diversity, freshwater gaagtyiversity

bee and butterfly nectar plants as a surrogate for pollination and habitat diverBitg. original
analysis was carried out for GB. We have repeated that analysis for Wales only, again using
Countryside Survey data but also including twaliidnal measures; the proportion of sematural

habitat within a square (as described above) and the length of hedgerows within a square.

Figure 4.1.2.4.1 shows the results of this analySsil Carbon and cSLA. annual net productivity
occupied @posing ends of the unconstrained first ordination axis supporting the hypothesis as for
GB that the principal axis along which the indicatorsvary is strongly correlated with primary
productivity. This was supported by an analysis constrained by tlopgytion of intensive land

within a square Figure 4.11.2.4.2). Thiesult is very interesting, some of the indicators (e.g.
diversity based) are less significant, the relationships shown are the divergence of soil carbon and
the NPP surrogate, with andreased length of hedgerows associated with high productivity and the
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