Report No. 305

)
COPQResearch

Climate - Water - Sustainability

Identifying pressures e informing policy e Developing solutions

BRIAR: Biomass Retrieval in Ireland
using Active Remote sensing

Authors: Stuart Green, Shafique Martin, Saeid Gharechelou,
Fiona Cawkwell and Kevin Black

Rialtas na hEireann
Government of Ireland

Www.epa.ie




ENVIRONMENTAL PROTECTION AGENCY

The Environmental Protection Agency (EPA) is responsible for
protecting and improving the environment as a valuable asset
for the people of Ireland. We are committed to protecting people
and the environment from the harmful effects of radiation and
pollution.

The work of the EPA can be
divided into three main areas:

Regulation: We implement effective regulation and environmental
compliance systems to deliver good environmental outcomes and
target those who don 't comply.

Knowledge: We provide high quality, targeted and timely
environmental data, information and assessment to inform
decision making at all levels.

Advocacy: We work with others to advocate for a clean,
productive and well protected environment and for sustainable
environmental behaviour.

Our Responsibilities

Licensing

We regulate the following activities so that they do not endanger

human health or harm the environment:

» waste facilities (e.g. landfills, incinerators, waste transfer
stations);

* large scale industrial activities (e.g. pharmaceutical, cement
manufacturing, power plants),

* intensive agriculture (e.g. pigs, poultry);

* the contained use and controlled release of Genetically
Modified Organisms (GMOs);

» sources of ionising radiation (e.g. x-ray and radiotherapy
equipment, industrial sources);

 large petrol storage facilities;

» waste water discharges;

* dumping at sea activities.

National Environmental Enforcement

» Conducting an annual programme of audits and inspections of
EPA licensed facilities.

= Overseeing local authorities’ environmental protection
responsibilities.

* Supervising the supply of drinking water by public water
suppliers.

»  Working with local authorities and other agencies to tackle
environmental crime by co-ordinating a national enforcement
network, targeting offenders and overseeing remediation.

» Enforcing Regulations such as Waste Electrical and Electronic
Equipment (WEEE), Restriction of Hazardous Substances
(RoHS) and substances that deplete the ozone layer.

* Prosecuting those who flout environmental law and damage the
environment.

Water Management

* Monitoring and reporting on the quality of rivers, lakes,
transitional and coastal waters of Ireland and groundwaters;
measuring water levels and river flows.

» National coordination and oversight of the Water Framework
Directive.

* Monitoring and reporting on Bathing Water Quality.

Monitoring, Analysing and Reporting on the

Environment

* Monitoring air quality and implementing the EU Clean Air for
Europe (CAFE) Directive.

+ Independent reporting to inform decision making by national
and local government (e.g. periodic reporting on the State of
Ireland s Environment and Indicator Reports).

Regulating Ireland’s Greenhouse Gas Emissions

» Preparing Ireland’s greenhouse gas inventories and projections.

* Implementing the Emissions Trading Directive, for over 100 of
the largest producers of carbon dioxide in Ireland.

Environmental Research and Development

* Funding environmental research to identify pressures, inform
policy and provide solutions in the areas of climate, water and
sustainability.

Strategic Environmental Assessment
» Assessing the impact of proposed plans and programmes on the
Irish environment (e.g. major development plans).

Radiological Protection

* Monitoring radiation levels, assessing exposure of people in
Ireland to ionising radiation.

» Assisting in developing national plans for emergencies arising
from nuclear accidents.

* Monitoring developments abroad relating to nuclear
installations and radiological safety.

» Providing, or overseeing the provision of, specialist radiation
protection services.

Guidance, Accessible Information and Education

* Providing advice and guidance to industry and the public on
environmental and radiological protection topics.

* Providing timely and easily accessible environmental
information to encourage public participation in environmental
decision-making (e.g. My Local Environment, Radon Maps).

» Advising Government on matters relating to radiological safety
and emergency response.

» Developing a National Hazardous Waste Management Plan to
prevent and manage hazardous waste.

Awareness Raising and Behavioural Change

» Generating greater environmental awareness and influencing
positive behavioural change by supporting businesses,
communities and householders to become more resource
efficient.

» Promoting radon testing in homes and workplaces and
encouraging remediation where necessary.

Management and structure of the EPA

The EPA is managed by a full time Board, consisting of a Director
General and five Directors. The work is carried out across five
Offices:

» Office of Environmental Sustainability

» Office of Environmental Enforcement

» Office of Evidence and Assessment

» Office of Radiation Protection and Environmental Monitoring
* Office of Communications and Corporate Services

The EPA is assisted by an Advisory Committee of twelve members
who meet regularly to discuss issues of concern and provide
advice to the Board.
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Executive Summary

Biomass Retrieval Using Active Remote $ QHZ PHWKRG WKDW H[DPLQHV WKH FURYV
Sensing UHVSRQVH RI WKH UDGDU UHWXUQ DFURYV

VKRZQ WR EH VXFFHVVIXO DW PRGHOOLQ.
+HGJHURZV DUH D YHU\ VLIQL,FDQW FRPSR H(%(W Rl WKH

EHWZHHO WKH ZLGWK RI WKH EDFNVFDWMW
,ULVK ODQGVFDSH 7KH\ SHUIRUP PXOWLSO IX&)FWLR(BV

ZLGWK RI WKH KHGIJHURZ +RZHYHU WKLYV
DFWLQJ DV ERXQGDU\ PDUNHUV DFWLQJ DV VWREN SURRI

W R KH RULH%WDWLR? RI WKH KHGJHUR?Z
IHQFLQJ VXSSRUWLQJ ELR GLYHUVLW\ DQG FROWUROOLQJ UXQ RII

7KH\ IXQFWLRQ DV UHVHUYRLUV RI DERVYHIBURX QK [E\. RFMDAOA VKRZV WKDW UD
DQG WKHLU SRWHQWLDO DV FDUER @ HH B NWR ZEH/ DHQSIDRIMHES UQDDNH WHFKQROF
HDUOLHU VWXG\ ZKLFK IRXQG WKDVWKEGHHURR W B 8 WUHQMH\D 0Q\,UHODQG

VHTXHVWHW&2D \HDU
,Q RUGHU WR HVWLPDWH WKH QDWLRQDO

7KH HDUOLHU VWXG\ XVHG OLJKW OMRHHEWZ RBQ LLPHGC WPIWLQO® GDWD VWRUDJ
OLGDU VFDQQLQJ WR EXLOG ' PRGHOYDM HESOHHMRBRAWQ WRQMXQFWLRQ ZLWK
VXFFHVVIXOO\ HVWLPDWH ELRPDVVPESWVKRAMNRY WKAHSWKEDELOLW\ RI D ¢H
FRVW+EHQH{;W RI GRLQJ VR ZDV SRRVWHRYHYBOOWKLW KHGJHURZ WR JLYH
KDV VLQFH FKDQJHG ZLWK WKH DY HMMBEIDOWWIRY KHHHDUBD OHQMNWK LQ ,UH
VRXUFHY DQG WKH UHGXFHG FRVW RKALNVRPVWVYPDRH. QV GRXEOH WKH IUHTXHC
DFTXLULQJ OLGDU GDWD 7KH SXUSRIVH RINW KH BFXXWH Q WDVRXFS\ ZLGHU GH¢ C
ZDV WR H[DPLQH WKH XVH RI DQRW3HG DHFHWRZ HXVHBRVMOQHWKLY UHSRUW

VHQVLQJ WRRO LPDJLQJ UDGDU WR HVWLPDWH ELRPDVYV LQZ
KHGJHURZV 1HW FKDQJH LQ KHGJHURZ OHQJWK zZDV H

WKH DHULDO SKRWRJUDSKLF UHFRUGYV IU]|
7KH VWXG\ DUHD DURXQG )HUPR\ LQ &RPORRIRUWKFRXQW\ OHYHO VXUYH\ U
¢HOG VXUYH\HG XVLQJ QHZ GURQH WKBWQWRRUHW® FREGGIRFW QHW UHPRYDO
GDWD RQ D VDPSOH RI KHGJHURZV BHRPZHKLKFK H\DWIGPDWHRY EHWZHHQ DQ
RI ELRPDVV FRXOG EH GUDZQ 7KHV$HHYHDGOKVPW DOMKHRYK ZMH WHKH UDWH LV PXF
XVHG ZLWK QHZ KLJK UHVROXWLRQ GBWWIHBKXDOWRUWEKDW SHULRG

6SRWOLJKW 76; 66 UDGDU LPDJHU\ WR PRGHO KHGJHURZV
V, EDQG UDGDU VHHPV WR EH LQDSSURE
GLUHFWO\ IURP UDGDU EDFNVFDWWHU

KHGJHURZ HYDOXDWLRQ HVSHFLDOO\ IRU
7KH VWXG\ IRXQG WKDW KHGJHURZ EL RKMYVGHIQMIRWEMLRQ RI WKH FRPSOHYV
GHULYHG GLUHFWO\ I[URP UDGDU EDKFN/FDIWNREMUIRKEZBKHFAHUW LV PXFK PRUH
D QXPEHU RI UHDVRQV IRU WKLV VRRIGDVLRKH K|GIAURZ WKDQ WKH GHWHEFYV
ELRPDVV GHQVLW\ ZLWIKDR BHIHUDUHMRRYDO XVLQJ DHULDO SKRWRJUDSK\ \
DERYH WKH WKUHVKROG RI VDWXUDMILRIOR IQRIJO UDIGIOM L\OX WKH\V [URP WKH *HR
; EDQG IUHTXHQF\ UDQJH +RZHYHU, RAWWOXDHQUUG UZAHAUHUH[DPLQHG IRU WKHLU DSS|
VHQVRUV ZLWK ORZHU IUHTXHQFLHXHBQBUWRE XHY ®IGKIMHAMWRQ FDQRS\ PRGHO G
VDWXUDWLRQ OLPLWY GR QRW KD YIH RKW RSO CGDOW D HAKFCG KWV RD O\RHVWLPLC
PDS KHGJHURZV DQG PD[LPXP LQ WKH WUELDYODWKNW VLWH

RI
$Q DOWHUQDWLYH PHWKRG RI LQYHVWLJDWLQJ KHGJHURZ
VWUXFWXUH DQG WKXV LQIHUULQJ ELRPDVVY LQWHUIHURPHWU\
Recommendations
LV QRW VXFFHVVIXO DV WKH OHYHO RI FRKHUHQFH EHWZHHQ
WKH REVHUYDWLRQV LQ RXU GDWDVHW ZDW LVRRO®D O SR WRNEXQREG EDVHG LQY
D ' PRGHO L H WKH EDFNVFDWWHU IKRB MR XWHGEKRXRG EH FRPPLVVLRQHG

FKDQJHG WRR PXFK EHWZHHQ REVHUYDWLRE@WUO\ LQWHUYDOV

X1
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7KH TXLFNHVW DQG FKHDSHVW DS'SYURDFX HSWRLRWAOWY QHHG WR EH XQGH
WKH 2UGQDQFH 6XUYH\ ,UFR®DQG SUWRERMHGI GLUHFWO\ WKH FDUERQ VWRF
SKRWRJUDPPHWULF SRLQW FORXG GNVIWOKEWUYHIRMNVWLQJ RI WKH ELRPD
WR SHUIRUP DN® DWDLPRSMMHOVLQUWKH” &RQVLGHUDWLRQ VKRXOG EH JLYHQ WR
VDPH ZD\ DV IRU SXEOLVKHG FRXQWAWRWHYG \MQ WKH EDQN RQ ZKLFK WKH |
BWXGLHV RQ WKH VHIUWHYRMHUDMW ROH®LEODQWHG DV LW LV D PDQ PDGH R
PDQDJHG DQG XQPDQDJHG KHGJHV VKRRUBERBRKHQHYHU D KHGJHURZ LV UF
XQGHUWDNHQ LQFOXGLQJ OLIH F\FOH DQDO\VLV RQ WKH

IDWH RlI ELRPDVV UHPRYHG GXULQJ PDQDJHPHQW

Xii



1 Introduction

1.1 Hedgerows in Ireland RI WKH FDUERQ VHTXHVWHUHG VKRZHG W

FXUUHQW (XURSHD(%(?UDGLQJ 6FKHPH (76
+HGJHURZV DUH DQ LPSRUWDQW IHDWXUH Rl WKH ULV

SHU WRC?IQTH D}QG FRQVLGHULQJ ZKDW ZD\
SDVWRUDO ODQGVFDSH +HGJHURZV_KDYH YHORSHG

QHW UHPRYDO UDWH RI KHGJHURZV D OL
PXOWLIXQFWLRQDO UROHYVY DV ODQGVEDSH IHDWXUHY DQG

SURJUDPPH ZDV QRW- MXVWL¢HG
UHVHUYRLUV RI ELRGLYHUVLW\ LQ FRQWUROOLQJ IDFWRUV LQ

VXUIDFH K\GURORJ\ DQG DV KLJKOHRZMME L QMK KLYRWHSRUMDO VL]H RI WKH F
SRWHQWLDOO\ LQ FDUERQ VHTXH VW QDWHK IR @ DWIL®R Q Q OVKMEHHIURZ VWRFEN ZDV
UROHV WKH KHGJHURZ VWUXFWXUHPDQYQ® IMRPGRWLMLR RKHU PHWKRGV RI HV
DV LPSRUWDQW DV OR&BWLRQ %HQKDERRXHVWLIDWHG 2QH SRWHQWLDO WHF
7KH IDFW WKDW KHGJHURZV DUH D VWRRGIXRVLROWERGOW LPDJILQJ

DERYH JURXQG ELRPDVV $*% WKH DPRXQW RI GU\

LYL PDWHULD HVHQW H VH R V KD LV
oLvLQl ULDO SUHVHQ [SUGYVHRa% REDER Sensin
XQGHUVWRRG :KDW LV QRW NQRZQ LV WKH WRWDO UHVBUYRLU
RI ELRPDVV LQ WKH QDWLRQDO KHGIHWRZ WOWRHF SO WKHWIBRUIHU IURP WKH PR
RQ \HDU FKDQJH LQ KHGJHURZ VWRVBVWKHGOWWH\GLQHUB®RPHEHU Rl YHU\ VLJQL
LQ ELRPDVV DFFXPXODWLRQ EHW ZHIHRD PH\Q DUHGFRQE®WUXFWHG E\ UHFRUGLQ.
XQPDQDJHG KHGJHURZV DQG SKDVH WKH WLPLQJ FRPSRQHQW RI
UHAHFWHG PLEURZDYH VLJQDOV JHQHUDVW
DWH $*% L
L V DO DFWLYH VHQVRU FRPS
RQPHQWDO
WHG VXQOLJKW LQ D

Y

J H
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6HTXHVWUDWLRQ E\ +HGJHURZV LQ WK
+ 7TRZDUGV D 1DWLRQDO +HGJHURZ %?
IRU WKH /8/8&) 6HFWRU 8VLQJ /L'$5 (6IHP\R R/IHWA.|
%ODFN etal VSH

K TDQGVFEDSH

RLWKE UDGDU LV WKH HDU

VWHPV WRGD\ UHFRUG [
AHFWHG OLJKW XWLOLYV

LOIRUPDWLRQ WR FUHDWH

RQDO

JHQHUDWHYV D VLJIQD
FRUGV WKH DPSOLW

UDHWXUQ DQG WKXV St

,Q WKLY HDUOLHU VWXG\ WKH FDSD
KHGJHURZ VWRFN WR VHTXHVWHU F
KDYH D EHQH¢(FLDO LPSDFW RQ ,UH
JDV HPLVVLRQV ZDV HVWLPDWHG 7 VG,

LOYHVWLIDWHG WKH WHFKQLFDO FD OLGDU DQG VKRZHG

WKDW LW FRXOG PHDVXUH WKH $*% 7RKIHKHIEWNHURHEG WYHUQDO LV D IXQFWLRQ R
ZHOO +RZHYHU WKH FRVW*EHQH¢: W @® BIOWRW IRIFD @Q PRWQRIBWLYLW\ RI WKH
KHGJHURZ ELRPDVYV VXUYH\ FRPSDUWIGHZIMRP WK H LYXFDOXEGDWLRQVKLS EHWZHH
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Table 1.1. Estimate of hedgerow biomass sequestration

Sequestration source Estimate Lower/upper limit of estimate
$ERYH JURXQG KHGJHURZ VHTX¢D/VVHDOUOWLRQ UDWH W&?2
7TRWDO KHGJHURZ VHTXHWWUBWURQ UDWH W&?2

$ERYH JURXQG VFUXE VHTXHWNWHDWLRQ UDWH W&?2
7TRWDO VFUXE VHTXHVWDDWDRQ UDWH W&2 +
1DWLRQDO KHGJH DQG VFUXE DQQXDO VHTXHVWUDWLRQ O0OW&2t
$QQXDO QHW+QHW UHPRYDO W&2 +

+ +

I+

Source: adapted from Black et al. (2014).
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Figure 1.1. Schematic showing radar signal return.

WKH VDWHOOLWH 5DGDU KDV WZR DGS DOQWH IHQ RWHRQPMVMVYYW. PDWH RI QRC
RSWLFDO VA\VWHPV ELRPDVV 1):'% DS SURKDP DRUH O\

|

RI WKH OD% FDSH +HGEH RZ VWRFN LV
WKH PLFURZDYH VLIQDO JHQHUDWHG SH(EH WHY FORXG

RIWH9 JLYH OHQJWK IN®G D ¢JXUH
VR DQ LPDJH FDQ EH DFTXLUHG LQ PRVW FR GLWLR&V

RT KHGJHURZ LQ ,UHODQG LV RIWHQ TXRW

WKH PLFURZDYHV DUH DEOH WR ©DHQHWODDWHH QW B WIKH LVDIOH UHRSRUWAMVR IK R
M@ JIJQRW HDV\ WR LGHQW

WDUJHW WR VRPH GHJUHH GHSHW&LQHR QY LZFTDWHID
$,QXPEHU RLFRXQWLHV VXUYH\HG KHGJIHL
JLIXUH VKRZV D IDOVH FRORXU FRPSRVLWH RI WKUHH
PLG V. XVLEQJ +HULWDJH &RXQFLO VXUY
7HUUD6$5 ; UDGDU LPDJHV FDSWXUHG RO WKURH GDWHY
RXONHYV etal 7KHVH VXUYH\V DUH Y
LQ RYHU JHUPR\ LQ &RXQW\ &RUN “7KH GLITHUHQW
QELERWH WISUEDO KHGIHURZ GHQVLWLH
FRORXUV UHSUHVHQW WKH GLIIHUHQW LOWHQVLWY RT URWXTUQV K
P RT KHGJHURZ HYHUV VPXPDE NP + RU
WKH GDWHV DV D UHVXOW RI VRLO GLIITHUHQFHV. FURS JURZWK
ZLWK WA\SLFDO HVWHNP RVEHKWMW®B®IHURZV LQ
RU JUDJLQJ HIIHFWV  %ULJKW WDUJHWY KBYH D YWUROJ
'RQHIDODOGIP 1O SRVFRPPRQ
UHVSRQVH DQG PD\ EH VDWXUDWHG L H KDYH UHDFKHG

WKH XSSHU OLPLW RI WKH VHQVRU $GW K R\KWHD IKHGENM Y WDDRJIAH VWML RIIKM IKDV KLV WRL
LQ VKDGRZ ZKHUH DQ REMHFW EORXQEBBUWKWHHVD EDH WKIQEDXJIK UHPRYDO OC
RU YHU\ VPRRWK ORZ WH[WXUH DQURDE WXHOGLIID KRXVLQJ DQG IDUP UHYV
UHAHFWHG DZD\ IURP WKH VHQVRU D@RWKHWYW FDSDEKBGWNURZV KDYH EHHQ

RI UDGDU V\VWHPV LV WKHLU DELOISWRWR FRWIHDW W K'URKXGK@GHVLIQDWLRQ DV
RI WKH WDUJHW XVLQJ WZR PHWKR&YQEBGDUJIJUD RRIMBWMU\WR UHFHLYH DJULF.
DQG LOQOWHUIHURPHWULF VIQWKHW L FODPHWW XKUIHY H DV W KRB MKDW WKH\ DUH
,Q6%$5 XWLOLVHV WKH SKDVH LQIRURNDWLRRVWRHEBERQUWUROW NQRZQ DV 3FUR)

R
LRQV DUH NQRZQ DV 6WDWX

EFERKHUHOFH

SHTXLUHPHQWY 605 )ROORZLQJ WKH 60¢
5DGDUJUDPPHWU\ RQ WKH RWKHU KDQDG XVHV WKH

WKDW R8H PDLQWDL(%/V ODQG LQ JRRG DJ!
LQWHQVLW\ VLIQDO LQ D VWHUHR SDLU RI DGDU LPDJH DV

HgYLURSPH%WDO FRgGLWLRQ *$(& *$(&
LQ FRQYHQWLRQDO VWHUHRVFRS\ KRZHYH WKH UHVXOWLQJ

UHJDUGLQJ KHGJHURZV QRZ PHDQ WKDW
'(OV DUH PXFK FRDUVHU

KHGJHURZVY FDQQRW EH UHPRYHG DQG PX

PDLOQWDLQHG ,Q SUDFWLFH KRZHYHU D

1.3 Current Status of Irish UHPRYHG LI D QHZ KHGJHURZ LV SUH SOD
Hedgerows OHQJWK DQG (QYLURQPHQWDO ,PSDFW $V
UXOHV DUH FRPSOLHG ZLWK '$)0 . Q
(VWLPDWHV RI KHGJHURZV LQ WKH ULVK ODOQGVFDSH UD(;(JH
UHVWUXE XULgJ RI UXUDO ODQG KROGLQ
IURP WR RI WKH WRWDO ODQG _ERYHU DUHD DERW
VFUHHgL J TRU SRVVLEOH (,$ LI
1), 7KH 7HDJDVF +HGJHURZ DQG 6FUXE
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Figure 1.2. TerraSAR-X radar image captured on three dates in 2015. The colours represent differences in
the intensity of the returns on the three dates.
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Table 1.2. Number of EIA screening applications for hedgerow removal

EIA screening

Approved Rejected

I+
I+

7TRWDO

FRQWURO RI WKH IDUPHU DSSOLFDGW WHKILH \SHURMLHRFQV LV FRQFHUQHG ZLWK E

WKH ¢UVW WUDQFKH RI DSSOLFDWLRWY H W K SWRAMD B | GKHH@I\WM K RZRPKI®O WL IXQF

SODQWHG NPV ¢JXUHV IRU VXEVHTXSHORW MFVD QFEHRDG GH{QLWLRQ RI KHGJH!
DQG DUH QRW DYDLODEOH EXW ~— 7 777 = === =

'RRG\ ¢HOG IRUHVW RU VHWWOHPHQW
DVVHVVPHQW RQ */$6 VKRPH® IDDQFH

LQFOXGLQJ UHPQDQW RU RXWJURZQ KH
UDWH ZLWK WKH OD\LQJ RI QHZ KHG.

WUHHOLQHV DQG LQFOXGLQJ VSHFLHV
OHVV WRD@® ZLGWK

SHYLHZLQJ WKH RQOLQH DSSOLFDWLRQ ¢JXUHV WKHUH LV

HYLGHQFH RI WKH QHW UHPRYDO RI KHGJHURZV KRZHYHU
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2 Review of Remote Sensing of Hedgerows

5HPRWH VHQVLQJ RU (DUWK REVHUNMWERDU GYDQKEH $XHYH\ FUHDWHG D /DQ
Rl VDWHOOLWHY DLUFUDIW GURQHWRWX\UHQAMRHY WYWRRJ WHCHR WIMIQR\QDO 3D\PH
FDSWXUH LQIRUPDWLRQ DERXW D WRU GHW QAHH@XWKH\WDUJHM(LY XVHG VHJIP}
LV KHGJHURZV WKDW OLWHUDW X U H DFOSQ E B FKWR/D\G R \V\HS PGIW VW @MR LDO LPDJH
WZR WKHPHVY WKH :GHWHFWLRQ RINRIRGDOHERZAMWDQBCGWKHOG ERXQGDULHV 7k
SFKDUDFWHULVDWLRQ  RI KHGJHURIWKH SUHVHQFH RI KHGJHURZV DFURVV DO

WKH GLIJLWLVHG ERXQGDU\ KRZHYHU LW
7KLV UHYLHZ GHPRQVWUDWHY WKDW WKH OLWHUDWXUH LV

PRHULROHIWHQW RIWKH KHGIHURZ RU Wk
GHYHORSLQJ DQG VKRZV WKDW WHEKQRORJ\ LV RXWSDFLOJ

RPKEOLYKHG YWBWLVWLFY RQ WKH DFF

WKH PHWKRGRORJLHV QHHGHG WR ERUUHFWOL XVH DOGC

OLPLWV RI WKLV PHWKRG
DVVHVV LW

+RZHYHU DOVR LQ WKH 8. D QDWLRQDO |

ZDV UHFHQWO\ FUHDWHG XVLQJ QDWLRQD
PDSV D GLJLWDO WHUUDLQ PRGHO '70 D
VXUIDFH PRGHO '60 etBIFKROH ¢HKQ 8

7KHUH LV D JURZLQJ OLWHUDWXUHVR® SR8 SURF MWMKH B[WHQWQFH EHWZHHQ
RI KHGJHURZV DXWRPDWLFDOO\ |UR®0FRSW DFEPRXRBMIHUDOORZYV IRU WKH OHC
HLWKHU VDWHOOLWH DLUERUQH RBIHCIH FRAWWRHEH AKMLPDWHG 7KLV V
SULQFLSDO PHWKRG DSSOLHG LV REH[MMWSR'6DHINQNGHT 0 22D D HLRVKXW LRQ | C
VHIJPHQWDWLRQ ,UHOD®M®Q® QDWLRQDO '60 DQG '70 SURG

2.1  Detecting Hedgerows with Earth
Observation

D
.Q VHIPHQWDWLRQ JURXSV Rl FRQW
VLPLODU SURSHUWLHV DUH *FOXPSH
REMHFWV &ODVVL;FDWLRQ LV WKHQ FD

%
OHV V LOQGLFDWH WKD

REMHFWYVY UDWKHU WKDQ LQGLYLGXDO SLlBHOV Q
XQGHUHVW LV VLPSOH DSSUF

L
9DQQLHU DQG +XEHUW OR\ XVHGDDY2ROFDVEERUPDWLRQ RQ WKH H[WHQW
PHWKRG WR LGHQWLI\ DQG GHWHFW WKRIRIGN @IHURYUQHWWRUKMY LQ WKH FRXCG
DXWRPDWLFDOO\ LQ J)UDQFH XVLQJ ORFORE DQBWQLRWLRIQESRWFDOHY DQG LV C
DQG .RPSVDW KLJK UHVROXWLRQ RIRWLFD V@ WHIODLQ\GH W KILKHDSSURDFK LV
VHIPHQWDWLRQ ZDV FDUULHG RXW \DH\F WIKRIHH KLHUDUFKLFDO
OHYHOV WUHH KHGJH DQG ¢(HOG D H LPDJHY ZHU
FR

g'DLQVW H[LVWL
|E|J\VLGH VXUY H\\

B PXOWL IHDWXUH D
G D'VKDSH EDVHG WLE
Q VSHFWUDO DQG Wt
WLRQ BLKHGIHURZ SL[H
WZRUN LQ VL[ VLWHV L
SEYRSH XVLQJI 4XLFN %LU
DI WKHLU PRGHO PHW WK
SRYHG VROXWLRQ ZD
GHWHFWLRQ RI QI

HJ URDGV U

etal
FODVVL{HG XVLQJ IX]]\ ORJLF DQ D$

EDVHG RQ 3GHJUHHV RI WUXWK”
VKRZHG WKDW WKH 6327 LPDJHV H
VXSHULRU WR RWKHU FODVVL¢,FDW
ZRRGHG HOHPHQWYV H[WUDFWLRQ
DQG DFFXUDWH GHWHFWLRQ IR
6327 LPDJHV UHVSHFWLYHO\ W Z
DQ 22 DSSURDFK DSSOLHG WR VDW S
YHU\ KLJK VSDWLDO UHVROXWLWR @ %t HvV
FRPSXWDWLRQDOO\ HI¢FLHQW UHOLD PHWKRG IRU

GHWHFWLQJ VPDOO ZRRGHG HOHP HYXDXY HD® KDUDFRKRMMWHMNEE KHGIJHURZV L
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RULHQWDWLRQ WKH QRUPDOLVHG G®RIGHOH GRH BHUHRWAMDLRRH LADA/HJRRG RYH L
DQG WH[WXUH DQDO\VLV LQ D VXSSRUWKHHFORWPANYFKHQHFWHG ZLWK 3KHGJI
690 DQDO\VLV 7KH UHVXOWV VKRZHGSWRBWPMWLIR @ PFF®RUDF\ +RZHYHU WKH
RULHQWDWLRQ ZDV GH¢{QHG DV WKV KH | B-DBHYF HVEHWDNHHIHG E\ WKH LQFOXV
WKH PLQLPXP DQG WKH PD[LPXP RI BAWKD PRQTKRRRHIUFP@DVY $OWKRXJIK VKD
GLUHFWLRQDO SUR{OH 7KH GHWHFMNQL® Q\Z B YWSUIHILAW HBHIG) 2ZWWH VHIPHQWDW L
WKH VXSSRUW YHFWRU GDWD GHVFVHSFWILRQLMOUR WIRWK P ®MEG FRYHU ODQG
KHGJHV ZHUH FRUUHFWO\ GLVFULPLFODWNG¢(HIRPWRRQERZ LV DQ LQFRUUHFW
RWKHU ZRRG\ HOHPHQWYV VXFK DV |RRUHBVO\D QR XNWHHWW KIEO VBV PRVW RI WKH)\
GHWHFWLRQ RI QRQ ZRRG\ HOHPHQWWVRIFN R WH GQZI\W B W ®RFADRZY PDQ\ RI W
RULHQWDWLRQ DSSHDUV LQ WKH ¢ GIRQ QWVXMKWRXOG KDYH EHHQ FODVVLEHG |

WKHUHJRUH WKH WUXH XVHU DFFXUDF\ IR
%XUQHWW DQG %ODVFKNH LQ D KHDYLO\ FLWHG

FODVV .LV.OLNHORWHRUEH PXFK
HDUOLHU SDSHU DSSOLHG PXOWL VFDOH VHIJPHQWDWLRQ REMHFW
UHODWLRQVKLS PRGHOOLQJ DQG VHXHHRWDIWURGLRIJ ARDROCOIW IURP WKHVH V!
RUWKR SKRWRJUDSK\ WR LGHQWLI\\OARWBIG PEMKBWNLHY WK¥YH WR EH WUHDV
ODQGVFDSH 7KH\ LQWURGXFHG D ¢(YBG/WKBWUWRHZRUNKWEY GR QRW LQ JHQ
DGGUHVV LVVXHV Rl KHWHURJHQHLWHKGYFD®EVFFRQMD ARWERDWQWY RI KHGJHU
DQG TXDVL HTXLOLEULXPV LQ ODQGVFDSHV XVLQJ WKH
KLHUDUFKLFDO SDWFK G\QDPLFV +3' PHV\Lm%GJd@%EMRWWQVRUV
PXOWL VFDOH VHIJPHQWDWLRQ REMHFW UHODWLRQVKLS DSSURDFK
GRPLQDWHY OLQHDU IHDWXUH H[W WD QRRF \PNHIW K R G RIXR FIHWAW I XO O\ XVHG D C

0 3RLOW FORXG DQG LWV GHULYDWL

+HGJHURZ PDSV DUH DQ LPSRUWDQW LQSXW L% R ERWK
D(%VG GHOL% DWLQJ VHOHFWHG ODQGVFDSES
ODUJH VFDOH HFRV\WWHP VHUYLFH VWXGLHV QGG DXWRPDWHG
LOQFOXGH KHGJHURZV VLQJOH WUHHV DQ
PHWKRGV IRU LGHQWLI\LQJ DUHDV RITKLJK (?/DWXUH YDOXH
WUHHV WRQH DQG HDUWK GLNHV DQG C
"HLVVWHLQHU etal $ VWXG\ E\6KHHUHL? t g
HDUOLH 33 VWXG\_ %ODFN etal $LU
XVHG D K\EULG DSSURDFK LQFOXGLQJ E K DHULDQ
VFD(P L%J GDWD DFTXLUHG EHWZHHQ
SKRWRJUDSKY DQG DQFLOODU\ GDWD R RDUVHU UHVROXWLR%
WKH ZKROH FRX%WU\ R ‘FH\% DUWLRDRDR
WR DXWRPDWLFDOO\ GLVFULPLQDWH VPDOQO ZRRGHG HOQHPH V
DFFXUDF\ D@G{HUWLFDO BV XXWVIHRS W R
,QLWLDOO\ H[WUDFWLRQ Rl ZRRGHG HOHPHQWY 7ZDV FDUULHG
FUHDWH RU{DDOLVHG 60 DQG )LHOGEO
RXW XVLQJ WH[WXUDO DQDO\WLV 7HMWXUDO DOQDO\VLV LV
LPSOHPH DWLRIQ Rl WKH /DQG 3DUFHO ,
PDLQO\ XVHG WR H[WUDFW DOO RI WKH ZRRCf‘ G HOHPHQWYV
6\VWHP 73,6
QG OLPLW FRQIXVLRQ

IURP RUWKRSKRWRY PRUH HI,FLHQWO\ D
ZLWK RWKHU FODVVHV WKDW KDYH %HRLEHDWHSLHHIO YDOXHSORUHG WKH XVH F
HJ JUDVVODQGY DQG FURS ¢HOG\ SKENXNWHEDLIDUK 86H LPDIHU\ WR GHW I
WUDGLWLRQDO SHU SL[HO FODVVL:GBEWEZRQNVSBQRDE KV MUK K\WKHGKHGJHUR:
PHWKRG HQDEOHV WKH XVH Rl VSDWHMWHDRIHQHOWWXKRRO@D7HUUDGS$5 ;: LPDJH
IHDWXUHV GXULQJ WKH FODVVL¢FDWLROQDFWRRHV R KHGIHWUERZ QHWZRUNV ZD
al DOVR XVHG 22 FODVVL:,FDWLR/Q @®] DO52RLRIERWKRE DV RXWOLQHG DER
LPDJHU\ LQ WKH 8. IRU WKH H[W U D FY/RICROU RP HK\M GUH IB®AMD PBWHUY WKH VLQJC
IRXQG WKDW QRW DOO RI WKH FULWKDIQI RRUHEHY QR EKGJIBBHRIZWHG IURP R
FRXOG EH VXFFHVVIXOO\ GHWHUPLQRGJH 7KH KHGJHURZ FDQRS\ KHWHURJH(

I[URP. ¢ HOG PHDVXUHPHQWY ZDV FRPSDUH
0DQ\ RI WKHVH REMHFW VHIJPHQWDWLROQ DSSURDFKHYV

EDENVEDWWHULQJ ERHI(ELHQWY DQG WKL
ZHUH EURXJKW WRJIHWKHU LQ D UHEHQW VW XGL EL 2 &Ragﬁ’oo

SDUDPHWHUV GAULY IURP WKH VDPH LF¥
etal LQ ZKLFK D UXUDO DUHD R| WKH 8. ZDV

VKRZ WKDW WKH KHGJHURZ QHWZRUN DQC
PDSSHG ZLWK KLJK UHVROXWLRQ DLUERUOQH GDWD " s URFHVVHG

FDQ EH LGHOWL ;HG 2 WK D'NDSSD LQGH]
VHIPHQWHG DQG FODVVL,HG WKURXJK D UDOGRP. TRUHVW

DFEXUDFVPHDVXUH RI
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7KLY KLIJK NDSSD YDOXH VKRXOG EAXWUHDRDWHGVAMLWKY ZLWK SDUWLFXODU HI
FDXWLRQ DV WKHUH DUH TXHVWLRQMWWERXW.EZRQHWX3H BHWKRRW WR RYHUFRP

SRLQWV SURYLGH WKH EHVW VDPSOHV IRU OLQHDU IHDWXUHYV

LWHUDWXUH FRYHULOJ WKH XVH RI & ; |
$FFXUDF\ ZDV GHWHUPLQHG ZLWK UHJDUG WR ZKHWKHU KH

GLIIHULQNJ ZDYHOHC\)].JWK DQG IUHTXHQFLF
SRLQW LOWHUVHFWHG D KHGJH RU QRW gR ZLWK UHJDUG W

‘QH WR FRDUVH UHVROXWLRQ IRU IRUHV
ZKHWKHU RU QRW WKH KHGJH ZDV FRUUHFWO\ GHOL\%HDWHG DV

DQG ELRPDVV UHWULHYDO LV H[WHQVLYH
DQ REMHFW ORVW LPSRUWDQWO\ D VSOLW RI KHGJH

UHVHDUFK KDV EHH(g( FDUULHG RXW RQ WI
QRQ KHGJH LV DQ LQDSSURSULDWH DPSOLSJ VWUXFWXUH PV

N 65 GDWD IRU VSHELDOO\ H[DPLQLQJ 1):%

LW GRHV QRW UHAHFW WKH WUXH UHODWLYH DUHD FRYHUDJH RI
KHGJHURZV LQ WKH WULDO DUHD LIQKUWBGHURAVWRFWUWKH ZDYHOHQJWK RI

Rl DQ DUHD DQG QRQ KHGJHURZV XVW&HMWHIPILQHY WKH VSDWLDO DQG JF
VWUDWHJI\ VKRXOG UHAHFW WKLV RIKWKXWHKRXOWLRWH MKIW\ 7DEOH

HIDFWYV
WKH VHQVLWLY
SW DW

DVV VDWXUDWHYV
| etal% HDXGRLQ
DWLRQ OHYHO LV GHSHQGHQW
(ISORULQJ VRPH RI WKH OLPLWDWLB®QWQ RULA2DMARYVDQFD WQRIQGGHQFH DQJOH X
LQ WKH OLWHUDWXUH D UHFHQW UHQY LUHZGRMWWRE @&RWHER LROHRW W\SH VWU
QRQ IRUHVW WUHHV IRXQG WKDW 2FRPOGIKWRICRQSURGXOFHBVIX®W WKH REVHUY
RXWSXW WKDW EHWWHU PDWFKHG W B M XWUDM LR D QVLLADLOV GILHVAHWLLEXOM LYRIU L H V
RI WUHHV FRPSDUHG ZLWK YLVXDO LQW KD SIRHMEBLEY WRDW XESUM W K P KR | | 6
SL[HO EDVHG DSSURDFKHV FUHDWHeBalPRUH D$FW XUDQUHZRYHOBIQOWKY H J / R
FRYHU HVWLPDWHefalOHQHJXKR DXWWRHWDGDU VLIJQDO VDWXUDWHYV DW KLJK
LGHQWL:{HG WKH ODFN Rl DQ DFFHSMKHG VIDAVEXUDW\L RBWKRGIO LV PXFK ORZHU
IRU 22 DSSURDFKHV DQG UHFRPPHQGREG WKBUWHWHBDYHOHQJWKY WKH VKRU'
DVVHVVPHQW' ORRNLQJ DW VPDOO:;VEXEQGD WsHVWKQH DAL WRHIIHW X UH VKRZV VH|
WR VHH KRZ ZHOO WKH VXE PDS P L WKRU ¥ DUHHIDAHIQUWXVRQWKH UDGDU VLJQDO
SDWHEHKW ULFV VSDWLDO UHVROXWLRQ LQFUHDVHV DQG \
WR VHH VPDOOHU DQG VPDOOHU WDUJHW
OHYHO DW ZKLFK WKH VLJQDO VDWXUDWH
ELRPDVV GHFUHDVHV WKXV PDNLQJ WKH
VHQVLWLYH WR FKDQJH DQG YDULHW\ LQ
7KHUH DUH D QXPEHU RI UHFHQW UM ZAD BJ HRIWH V W

H
K KLJK&*% RU D KLJK VWHP
WKH SL[HO WKUHVKROG DQG WKDW ' WKHUH |\_|F2YH \\/N D
DV D UHVXOW RI KHGJH VHQVRU RU
PHDVXULQJ KHLJKW YROXPH RU EL

WKLV VWXG\

2.2 General Approaches to Radar
Monitoring of Woody Biomass

ELRPDVV HVWLPDWLRQ LQ WKH UHPRWH VHQVLQJ) OLWHUDWXUH
OWKRXJK PXFK Rl WKH OLWHUDWXUH RQ
/X etal. JLYH D JHQHUDO UHYLHZ RI DOO UHPRWH
XVLOJ UDGDU LV FRQFHUQHG ZLWK IRUHV
VHQVLQJ PHWKRGV EXW UHYLHZV Rl D OXPEHU RI'UDGDU
GRHVY H[LVW DURXQG PDSSLQJ KHWHURJH
VSHFL¢F PHWKRGV KDYH DOVR EHHQ SXEQLVKHG 20D0OGHU
DOGVFDSHV WKDW LV BSSOLFDEOH %HW
etal. .RFK $ UDGDU ELRPDVY UHYLHZ E\
XVHG WKH 6$5 GDWD 7HUUDG6$5 ; DHULDO
6LQKD et.al JLYHV D FRPSUHKHQVLEYH RYHUYLHZ R
QG D 6327 RSWLFDO LPDJH IRU PDSSLQ
GLVWULEXWLRQ LQ JUDQFH ,Q WKLV VWX

Table 2.1. Characteristics of different radar frequency bands

Frequency band Wavelength (cm) Spatial resolution (m) Typical saturation (t/ha)
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IRFXVHG RQ HIWUDFWLQJ WKH KHG 2HUR X-®and TUBds forNondrest
9+5 THUUDG6$5 ; GXDO SRODULVDWLRQ GDWobdyBiofthss

7KH\ DSSOLHG WKH 6K( DQG EDFNVFDWWHULQJ DQDO\VL
LO VLQJOH DQG GRXEOH ERXQFH IRORSURENUYP \'ﬁ/'k‘kﬁ? VFUXE KHGJHURZ Pl

FODVVL(FDWLRQ DQG H[WUDFWLQJ '\A/%(%QI?H%BWLPRIZV OHWEH LU NP SSURILPDWHOL
7KH DFFXUDF\ DQDO\WLV Rl WkH KHEFWURR hWZR H LQVLJKWV FDQ EH JD|

VKRZHG DQ RYHUDOO PDWFK RI %WKH %QDWXUH RQ PDSSLQJ VDYDG
DQG 7HUUD6$5 : UHVSHFWLYHO\ KHVH VHPL DULG KDELWDWYVY DOWKRXJK

IURP ,ULVK FRQGLWLRQV GR SUHVHQW VI
SHFHQW ZRUN KDV VKRZQ WKDW WKH) VOPMOEEDWLRQ HIITHFW LV QRW
VLPSO\ D UHVXOW RI ELRPDVV EXW RI VWUXFWXUH ZLWKLQ W

IRUHVW VXFK WKDW NQRZOHGJH RIZ\Q\HLBFFW)PJD—PWbBBO%ﬂERIQVWUDWHG LQ *
H[WUDFWLRQ RI VRPH ELRPDVV sDUYBBWAUKT VPV YW UpRfpFHQWUH WKH D

GHQVLW\ DERYH WKH UHSRUW HEG Wk Qﬁ(/ II—:pggL(J_):H\Q:I-POW/Wl_iliJ\}"I/Q LQ D ZRRGODC
al. RI' D ODUJHU JURXQG FRPSRQHQW DQG W

ZLWK WKH XVH RI KLIJK UHVROXWLRQ ; ED
et al.
2.3 X-band Radar in Forest

Monitoring and Biomass 7KLV VHQVLWLYLW\ WR JURXQG VLJQDOYV

QXPEHU RI VWXGLHV KDYH VKRZQ WKDW /
,Q UHFHQW \HDUV WKH VSDWLDO DgBWWHS RWDPDEISY RO FWYRQ DQG $*% LQ
FDSDELOLWLHV RI UDGDU VDWHOOLXRRGOWOGKDWIK D& S UEROYGIE GDWD DSSURDF
UDSLGO\ 7KH XVH RI H[WUD KLJK UYVROXWLRQ 76; 66
PRGH GDWMIP ¥SDWLDO UHVROXWLRQ ZLOO DOORZ

IRU EHWWHU FKDUDFWHULVDWLRQ R(P%S_”a}o WEBS IBIBWEH%QFLSDO LVVXHV_
SUHYLRXVO\ SRVVLEOH ZLWK H[LVWL% S\}'IQdMVHéJ&dWDQQ Y RU VSDUVHO\ -
7KLV ZLOO EH FRPSDUHG ZLWK WKHOIPFS-‘)Lﬁi ﬁQ/W_bIIE}SLV\//&ﬁ(ERQIXVLRQ RI EDFNVI
LPDJLQJ PRGHVY 6SRWOLJKW DQG B%WL(&FEJD RR FB%HH WH\éF!'LngKH ODQGVFDSH

WKH LPSURYHPHIOQVXV LQ D @AK H KLJK7HWVH HITHFWVY FDQ EH PLWLJDWHG E\ FKI
UHVROGDMW R Q UHWULHYDO DOJR&ALWKP LPBYRILQJ

VSDWLDO UHVROXWLRQ DQG XVLQJ D SUL|
7KH XVH Rl 9+65 UDGDU WR GHWHFVS KWEJHERWYRILRRI WKH WDU.JHW
LQGLYLGXDO WUHHY DQG WR PHDVXUH WKHLU VWUXFWXUH

YHU\ UHFHQW GHYHORSPHQW EXW WieR zf@@%fED(fL'\/VKFFPéNWHU LPDJHU\ KDV
KDV GHPRQVWUDWHG VEeX&.FHVV %HWEﬁéQL}NR YHUV VXFFHVVIXOO\ PDS KHGJH
XVHG D VLPLODU WHFKQLTXH DV sURBRUHG LLQRR/[%?VL?/WEFODVV“FDWLRQ \
WR ORRN DW WKH VWUXFWXUH RI K# @JHUR VG GHY PG5 » ++ 99 SRODULV
GDWD DQG FRQFOXGHG WKbDWw 2yHUVRPIK Y's 'D%VPSOZBFF\?F%/%\}V‘&E WLRQ DSSUR
UDGDU LPDJHV FDQ ERWK SUHFELVHOV 6 HIIVEW WY RRQURTREHERFY 1RU KHGJIHUF
RI ZRRGHG KHGJHURZ QHWZRUNYV DgY)EUFV}Q*BLSDLBMIQdLYVH(R/WH (JLV LV WKH VDPH
VWUXFWXUH" 7KH GDWD WKDW ZH XVH DUH RI DQ RUGHU

RI PDJQLWXGH KLJKHU UHVROXWLRQ WKDQ WKRVH XVHG E\

%HWEHGHU etal +HGJHUREBVWLPDWIORQ

‘RUNLQJ ZLWK YHIJHWDWLYH WDUJHWYV w KPR WP w x u H

VWURQJO\ VXJIJHVWYV WKDW ZKHQ XML QJIEDRGD WKIDPRRFHWU\DERYH JURXQG HC
DSSURDFKHV WR HVWLPDWH HOHYDWHBRYEBRBWDRPRMHNHIDE IV GDWD KDV VK
XQOLNHO\ WR EHtBIFKLHYHG $OL DSSOLFDWLRQ LQ WKH HVWLPDWLRQ RI IR

7KH VLJQDO IURP VRPH 6%$5 VHQVRUV LV SRODULVHE&H VHWWKAUQH*+ WRUQRQWD ® BYR SROD
H[DPLQLQJ WKH UHVXOWY WKHUH DUH IRXU SRVVLEOH FRPELQDWLRQV + RXW DQG + EDFI
9 RXW DQG + EDFN 9+
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etal .DUMD&@&.LQHQ ,QIRUPDWLRXYY GLDPHWHU DW EUHDVW KHLJKW '%+

RQ WKH YHIJHWDWLRQ KHLJKW LV HMROXPHKEG VEK FROIFKK ODWELRWLVWLFDO UHC
WKH GLITHUHQFH EHWZHHQ WKH UD & D BNV[FMDUNDW WBHIICQ Bl . KQWDHMLVRLQVY RI UDGDU
YDOXHVY DQG WKH JURXQG VXUIDFH REOWHMDWDMWRICRQ IURFROUGY WR UHWULHYH W
H[LVWLQJ '70 IURP WKH VWHP PHDVXUHPHQWY 7KH PR’
HLO\j LQ VWDWLVWLFDO
J UHJUHVVLI
VERRQ WUHH

T
-

,W KDV ORQJ EHHQ UHFRJQLVHG WK
FDQ EH D XVHIXO WRRO LQ QDWLRQ
%URZQ DQG LV ZHOO UHJDUGH
UHSRUWLQJ @RBIWHQDX6RIZHYHU DV
WKH VIVWHP KDV WR EH PRXQWHG
UHPDLQV D EDUULHU WR LWV RSHU
etal. 7KH H[SHULPHQWDO VSDF
VFDQQHU */$6 KDV EHHQ XVHG IR
6XQ etal. EXW LWV IRRWSULQ
JHRPHWU\ PDNH LW LQDSSURSULD
ODQGVFDSHV VXFK DV LQ ,UHODQG
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R LGH LI\ FRPSOH RQ OLQHDU UHOL
X LQ U WHG
FWRU YDULDEOHYV
ERXU .11 690 DQG EDFN SURSDJD
/ILGDU ZDV XVHG VXFFHVVIX0O\ LQ NI BRIOVZRAUMNG 311 @XKaR
E\ VRPH PHPEHUV Rl WKLV FRQVRUWLXP (3% SURMHFW

&&53 '6 % er@lF N 7KH SURMHFW
Q DGGLWLRQ WR WKH DERYH VWXGLHV W
VXFFHVVIXOO\ HYWLPDWHG ELRPDVV L Q KHGIHU
VWXGLHV KRUV KDYH X
KLJK UHVROXWLRQ DLUERUQH OLGDU DU
VK D VWDWL
WH VHQVLQ.
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PHWULFV VXFK DV LQWHQVLW\ DQGE
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7\SLFDO UHVHDUFK LV FDUULHG RXW RQYDO DHIIRDFEHBFRKHUHQFH LPDJHU\

*DYHDX etal. RI ERUHDO IRUHVW PQBULPHWU\ 6$5 GDWD DQG WRPRJUDSK

GHPRQVWUDWHY WKDW LQ ZLQWHU $RQ @RVRRWYD L& [RUGHYWEEQRPHWULFV IRU

EDFNVFDWWHU LQWHQVLW)\ DUH VH@YXDW D¥MW MWRL ¥R I/Q RV RIQ RIRIRGW KHLJIKW [

ELRPDVV ELRPDVV RI WKH ZRRGHQ I5D® &N SPIWSDIDWV YV L R X 7JHEDOGLQL D
0L @tal.
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3 Fieldwork

JLHOGZRUN ZDV FDUULHG RXW IRU WRM BRURHHMHMRQGLRLRQVWIKHWR FRYHU Wk
JURXQG GDWD RQ WKH VL]H ORFDWHLRYHUDVUBXFWXEKHWHGDWD ZHUH KRVWHG
ELRPDVV RI KHGJHURZV JHRJUDSKLF LQIRUPDWLRQ V\VWHP *,6 S

SURMHFW LQWUDQHW WR DOORZ IRU HDVI

3.1  Test Site SODQQLQJ

7K(H GLILWLVHG KHGJHVY ZHUH FODVVL¢HC
$FFRXQWLQJ IRU WKH DYDLODELOLW RIL}/DWHOOLWH LPDJHU\

LIXUH

GLVWULEXWLRQ RI KHGJHURZV DQG 1DUP W\SHV DQG LVVXHV

DURXQG DFFHVV DQ DUHD FHQWUHG DDUHRXQGPKRDIOE HV DM KL RZQV YLVLEOH
JHUPR\ LQ &RXQW\ &RUN ZKLFKLQFOXGF&HW£HN7HDJDVF

ORRUHSDUN 5HVHDUFK &HQWUH VHH)LJXUH zD
UHDWHlPWEF_()D\QN:\URZQ VWUXFWXUH YLV

FKRVHQ
KHGJHV
7KLV LV D KLJKO\ SURGXFWLYH IDUPLQJ ODQGVEFEDSH ZLWK
UHHOLQHV PDWXUGRNREHMKY D URZ
UROOLQJ ORZODQG SK\WLRJUDSK\ GRPLODWHG "E\ PDWXUH
XOGHUVWRU\ + KHGJHV
LQWHQVLYH GDLU\ IDUPV ZLWK VRPH WLOODJH SURGXFWLRQ
7KH VRLOV LQ WKH DUHD DUH SULQFLSRXWJIWURIHH KFHAGDIHYLRQUWK-FREFDVLRQDO
EURZQ HDUWKYV KHGJHV
VFUXE SDWFKHV RI WUHHYV EXVK JUHD)
3.2 Pre-visit Target Selection WUHHV LQ ZLGWK
7KH WHVW VLWH LWVHOI ZDV WKH IRRWSUL W Rl WKH 7THUUDG6$5
7KH VDPSOH KDV WR UHSUHVHQW ERWK W

LPDJH VHW VHH VHFWLR
Q KHGJHURZ W\SRORJ\ LQ WKH ¢HOG VLWH I

$00 KHGJHV VFUXE LQ WKH 76; 66 PRIGHWDBWHDEDHUN FDWWHU VLI®@OV LQ WKI
GLJLWLVHG IURP DHULDO SKRWRJUD®WOYWUIXUWH UDGBIFEBWNVFDWWHU E\ W\!
IRU WKRVH DURXQG KRXVHV DQG IDDPVRYVGW EHO PHOIBUVD WHIDVKRZHG WKDW Q

BRIAR test site

Moorepark
®

JLIXUH /IRFDWLRQ RI WKH ¢HOG VLWH

KWWS XFF PDSV DUFJLV FRP DSSV ZHEDSSYLHZHU LQGH[ KWPO"LG E G GE FF |
6HSWHPEHU
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Figure 3.3. Screenshot of the webGIS interface used in data sharing across the project.

2YHUJURZQ KHGJH ZLWK WUHHMJHHOLQH

:LGH SDUWLDOO\ PDQDJHG 1DUURZ PDQDJHG KHGJH

Figure 3.4. Examples of different hedgerow classes captured in aerial photography.
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KDYH D VLIQL¢(¢FDQWO\N GLITHUHQW B.B F N Yi-RéMVBibthassFesér mintivh of
WKRVH RI WKH RWKHU W\SHV RI KHGJHURBZmple Plots

$ SRRO Rl WDUJHWV VDPSOH SORWV ZLWKLQ WKH ORRUH
DUHD UHSUHVHQWLQJ GLIIHUHQW KHGJHLPIPZQ/DD}glﬁ)&\gE)%(@%%URZV

VFUXE WASHV ZHUH VHOHFWHG DQBORWLWBWDRUXFIKRBPMWHGIH DQG WUHH P
DVVHVVPHQWYV )LJIJXUH ORFDWLRQ RI SORWV ZHUH UHFRUGHG DC

JLIXUH  VKRzV H[DPSOHV RI wkH G11PFURRW HY APV, $ VD PSRIHWKIVWD QF
W\SHV VXUYH\HG 6RPH RI WKH KHGTHGRI\P r@ﬂg"tﬁvﬁev PDUNHG IURP WKH *.
UDLVHG GLWFKHV EDQNV ZKLFK PDGHOXS BL\PLPJ'?Q HEpRQPe WRS KHLIKW RI W
SURSRUWLRQ RI WKH WRWDO KHGJH'VR Kb K & \RBQPEI-P EHORZ WKH KH
WKH SGLWFKHV' XQGHU WKH KHGJH ZDVTpRdR%Y %%G@%WBWD@ RIWKH
WKLV FRXOG EH IDFWRUHG RXW zKH®’ BQ\\/HEWSLQJ WKH 6$5

ELRPDVV UHJUHVVLRQ PRGHOV 6WHP DQG EUDQFKW GEPBHBWMHWH DQG WRS |
DQG KHLJKW KRGIHDPHWHU RI RQO\ SULP

m wide

m tree

[ 1 1 ] ] — @ over

frequency
w [ =)
o 5 B o 8 o o

IIIII[II[.IlIIIIIIJiI‘I]iI B narrow
10 40 70 100130160190

mean backscatter

Figure 3.5. Histogram plots of average radar backscatter (left) and backscatter/area (right) for the
different hedgerow classes in the trial area.

Figure 3.6. Location of different biomass sample plots in Moorepark, County Cork.
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:RRGODQG 6FUXE

Figure 3.7. Photographs of different vegetation types surveyed.

VWHPY DQG EUDQFKHV ZHUH FROOKHWHGEUDNKHK RUKHWSHPRIWDY FRXQWHG LI
DUHD WR FDOFXODWH KHGJH ZRRG WKGOX®HQXVR @ DWKHWDEH RFHQWDJH FRYHU
WKH I UXVWXP RI D FRQH YROXPH VD VDPSOH KHLJKW FRYHU LV FDOFXODWH(

i=1

ZKHDHV WKH EDVH GLDPHWHU d LVZWKH MR & e RPEPERY R1 VWHP RU EUDQFK
andh LV WKH KHLJKW RI WKH VWHP iy PROXFEEPYWVKH WRWDO QXPEHU RI LQ)

FRQYHUWHG WR ELRPDVV XVLQJ WKy @BV Y HRKNEQP HQM D O
3DQHO RQ &OLPDWH &KDQJH ,3&& GHIDXOW ZRRG GHQVLW\
YDOXH RI P 2Y%ULHQ 2QFH WKH SHUFHQWDJH FRYHU RI EUDQFK

FP LQ GLDPHWHU ZDV$SHWBYLFPWB® G WKH
7KH ELRPDVV Rl EUDQFKHV RI D GLORNYWHMYRP OWUYE WHPQ) @a8XEOLVKHG %C

FPB> FP @ ZDV GHWHUPLQHG XVLQIuW KD RLIE HTXDWLRQ IRU VFUXE VSHF
LQWHUVHFW FRYHU PHWKRG WR GHWH%U(E’LQH WKH SHUFHQWDJH

RI YHJHWDWLRQ FRYHU LTX W ISHR MORW D S TP B PpLicover,

LQWHUVHFW FRYHU PHWKRG ZBV FDWWGLNE Db RMUWKY L H XOFXW WUHHV 2
SORW OHQJWK DWW LINNEHDWDWXRRKH 7 HUMVD W HBYHW G WRWUHH @ EDVHG RQ GLL
TXDUWHU DQG WKUHH TXDUWHUV RI WK HoRRI LAXPYK HRY B\ GHYHOR&HG DOJRL

N
V(7em+)=  — D2+Dd+d? h P
( ) 3 cover, 121'100 N

14



S. Green et al(2014-CCRP-MS.17)

al. 7KH WRWDO ELRPDVV 7% RRD BORW ZQIXOBWEORG LUUHIJXODU QHWZRI
GHWHUPLQHG DV JLIXUH IURP ZKLFK WKH SURMHFWHG
EH GHULYHG $00O LPDJH SURFHVVLQJ DQC
39 ZHUH FDUULHG RXW XVLQJ WKH 3L[ 'PD
3L[ " 6ZLW]HUODQG

TB B 7cm B 7cm B tree

1 HZQ P D QQHIGBLIDIOIPFHOMK R G
7KH 39 ZzZDV WKHQ FRUUHFWHG IRU JDSV L

7KH GUDZEDFN Rl WKH SORW PHWKR&LURU PROYKQWQRQDO SKRWRJUDSKV WD
KHGJHURZ ELRPDVV LV WKDW LW LVWRH WKW LKPHGBERQRXPVAH )LIXUH ERWW
$ WZR SRLQW VDPSOLQJ V\VWHP ZD PO B HDQPSHGLM U PDJH 5 ZDV XVHG WR V
IXWXUH VXUYH\V EDVHG RQ VRPH KNGBIFVBOBRW QMR YWHKVUHH GLITHUHQW FKDQQ
LQ FRPELQDWLRQ ZLWK XQPDQQHG DHEG LELDOQ EHWRFEOMDFN DQG ZKLWH LPDJHV
8$9 VXUYH\V 7KH QHZ SURSRVHG RH@KRGHAZBGBRMHFWHG DUHD UDWLR 693
FRPELQDWLRQ RI 8$9 HVWLPDWHY RWKIRORGBRYQ® UBRXQ®LRQ

EDVHG HVWLPDWHYV RI ELRPDVV 7KH 839 DSS WiREK axed HV
SKRWRJUDPPHWULF DQG *,6 PHWKRGV-W R G towl RiteR/loR BV K H

SURMHFWHG ' YROXPH RI WUHHOL Qx4 B Gk G HY K RARFRUVDUHDY ZHUH HV
ZDV ¢UVW GHWHUPLQHG XVLQJ WKHoK@RWUPRWERSFRSSIYRBRKLQ WKH VLGH Y

RXWOLQHG DERYH DUHD LV WKH WRWDO QXPEHU RI EODFN D
7KH 8$9 VAIVWHP LV D FRPPHUFLDOOYV KW DMEBEOHHEURQH

‘5 VROR EXW LW KDV EHHQ PRGLéPHWRY HRFYRBEWPWHR| WKH KHGJHURZ ZDV

YHIHWDWLRQ VXUYH\V XVLQJ ERWKHQ jIWKH QP BEERIIS5 zKHUH
5*% VSHFWUDO ZDYHOHQJWK FDPHUDV KDV D PRGL¢(HG

DQWHQQDH VI\VWHP IRU D ORQJHU FRYWYRSMBEAG ALIJKW UDQJH

DQG XVHV ALJKW SODQ VRIWZDUH PRUYERQ LLDOCWYHMRLQ ZRRRGODQG FLU
IDFLOLWDWH DFFXUDWH JHR UHIHU K@ Ghrdd HCHVIDED LAKHAVYW R PHDVXUH WU

3RVW SURFHVVLQJ RI DHULDO SKRWRN YDRRXPPBSOFRYWMP p KW ZLWK D ZLGW

RYHUODS RI SKRWRV DW P VXUYRFARKAHGKkRIRYR WKH ZLGWK RI WKH WUHHO
DERYH JURXQG OHYHO zDV XVHG WHERIBBRVHWHWUHHV ZLWKLQ WUHHOLQHYV
SRLQW FORXGV Rl WKH KHGJHURZ VOPBRMWHYHDBW IKEYIKMDRXUHG WR GHWH
JLIXUH 7KLV LV XVHG WR JHQHUDW HFBRPHEYNRLYFHFWOL XVLQJI SUHYLRXVO\ GF

Figure 3.8. A 3D TIN model of a hedge and treeline derived from photogrammetric processing of UAV
imagery. The 3D model is used to measure the PV of the hedgerow.
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Figure 3.9. An angled view of the 3D point cloud obtained using the UAV and photogrammetric methods.
The images on the left are of a managed hedgerow (top, a point cloud; middle, RGB image; bottom,
SVPAR image). On the right are the same types of images for an unmanaged hedgerow.

% O BtAIN 8%9 VXUYH\V ZHUH D O VR4F D UeldHResaPtswW

RQ WUHHOLQHV EXW QRW RQ ZRRGQDOG SORWY
3UHOLPLQDU\ DQDO\VLV RI WKH JURXQG E

JRU WKH VKUXE OD\HUPFUDEXRD UZSIONRWMW VPHQW DQG 8$9 EDVHG YROXPH VKF
HVWDEOLVKHG DQG IRXU OLQH WUDQW®IB W VRIHAKH. & DVNHEDRB®W IRU UHJUHV V|
IURP WKH FHQWUH RI WKH SORW LQ WEKXUBRUWK 7 KB VM) RERIXBMKWKH UHJUHV VI
DQG ZHVW GIZUHHAWALIRDPHWPRUXHDW LV LQGLFDWLYH RI KHGJHURZ ZRRG GHQV
PHDVXUHG IRU DOO WUHHVFPLIMWEB UWRUD AVHKWHWREH LQ WKLV H[DPSOH LV VOL

WKH SORW DQG ELRPDVV ZDV GHWHW[BIHFMNEH & VA QQ \ELLVR\P BNMYR R G +

DOJRULWKENIL. %ODFN
+RZHYHU WKH VORSH EDVHG HVWLPDWH

7KH ELRPDVV RI WUHHV ZLWK DFELDARNOMGULRBIFOREW WKPQGHQVLW\ RI QRQ ZR
DQG DOO VFUXEV ZDV DVVHVVHG XWHRIHWBW ORQ H @ Q@ VKIHYWHRW QWHG DLU VS|

PHWKRG EDVHG RQ WKH IRXU WUDQNREWH® WMV | R IUWXLLQD W HK IS SRIWSRVHG Pt
%LRPDVV ZDV GHWHUPLQHG DV RXWOLQHG LQ HTXDWLRQV
DQG DERYH
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Figure 3.10. The relationship between UAV-derived volume and biomass of different hedgerows and
treelines, as derived from plot surveys.
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4 Data

4.1 Radar Satellite Data DOWKRXJK DV D UHVXOW KDV D PXFK VPD
IRRWSUL(%NW DQG LV WKHUHIRUH PXFK PRL
$ WLPH VHULHV RI 9+5 7THUUDG6%5 ; 6SRWOLJK DQG

YHU D JLYH DUHD
6WDULQJ 6SRWOLJKW PRGH DFTXLVLWLRQV KDV EHHQ

DFTXLUHG RYHU WKH J)HUPR\ &RXQWKKRHNUDGSE\; \BMADHJLQJ 6SRWOLJKW LPD
FRYHULQJ D \HDU SHULRG EHWZHHXSSOQHG LQDRE6LQIJOH /RRN &RPSOH] IR
-XQH 7DEOH ZHUH SURFHVVHG WKRXJK WKH VWHSV EH

EDENVFDWWH
$IWHU UHYLHZ LW ZDV GHFLGHG QRW WR XVH 6HQWLQHO

RU $GYDQFHG /DQG 2EVHUYDWLRQ 6DWROHMHWS/2H G

GDWD JLYHQ WKHLU ORZHU VSDWLDD RXOMIO PRRRED QG ORQJIHU
ZDYHOHQJWK ERWK RI ZKLFK PDNH W KISWIFNQW \Y O WHUMEMIERZIVR]H JURVW
VXE RSWLPDO IRU VPDOO KHGJHURZ | HDWHWH V

" UDGLRP U
7KH 7THUUDG6%$5 ; LV D FRPPHUFLDO *HUPDQ 6%5 (DUW

H
REVHUYDWLRQ VDWHOOLWH RZQHG E\ 'HXWVEKHY “HOWUXP_ I+U
CPWDVHWY ZHUR T HRIPRW/H G WWRI W K H
IXIW XQG 5DXPIDKUW H 9 7KH KLJK. [UHTXH UERQG W
OHUFDWRU SURMHEWIRQ VHH J)LIXUH |
VHQVRU WKDW LW FDUULHVY FDQ EH RSHUDWHG LQ D QXPEH
Rl ZD\V DQG IRU WKLV SURMHFW ZH KH $® DO BEHWR BEFFRVYHG IRU SRVVLEOH
GDWD WKURXJK D (XURSHDQ 6SDFH BQPQKVIRSHRDAFHUVEHFDXVH RI D QXPEF
FDOO LQ WZR PRGHV 6WULSORGH DQOOWMILQLIQW B IRIHOQ BIQWWK RI WKH WHPS
7DEOH SDLUV UHVROXWLRQ DQG WDUJHW VL]H G
JUHDW IRU LOWHUIHURPPHWU\ WR EH VXF
6WDULQJ 6SRWOLJKW KDV D ORQIHY WHUIHW LOOXPLODWLRQ WLPH

SURGXFW OL eta
DQG KLIJKHU VSDWLDO UHVROXWLRQ WKDQ 6WULSPDS PRGH

Table 4.1. List of datasets acquired by project

Sensor Date Off-nadir angle Mode Polarisation Pass/orbit

7THUUDG6$5 ; 6SRWOLJKW ++ 99

6WULSORGHiH

5%'$56%$7 WR )X0O0 3/5 ++ +9 9+ 99 $VFHQGLQJ
"HVFHQGLQJ
6SRW

I+

WR 6SHFWUDO 3

B3OHLDGHV
$ %

I+

6SHFWUDO 3

H, horizontal; P, panchromatic; PLR, polarchromatic; V, vertical.
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4.2 Field Biomass Calculation 6FUXEODQG SORWY KDG WKH ORZHVW ELR
WKH SORW W\SHV VHH 7DEOH ‘RRG

8VLQJ WKH PHWKRGRORJ\ RXWOLQH\f lV\PG& Nvd-'BV IWJ}HVCV\F L H WKH\ GR QF

GDWD ZHUH FRQYHUWHG WR ELRPD \{_IH()\{L &VFW‘JRBUHE)BRID@H;VWLW\HHIQ_QH\

VDPSOH VLWHV LQ WKH WULDO DY H WKH KLIJKHVW ELRIPEDOYW VWRFN VHH

$OWKRXIK WUHHOLQHY KDG D KLJKHU ELRF
%WLRREWGIHURRG OD@QGY ZRRGODQG WKLV LV ODUJHO\ EHFDXVH W
VFUXEV FRPSULVHG PDQ\ PDWXUH WUHHV ,Q FRQ'

ZRRGODOQG_SORWYV L(IgFOXGHG WUHVV WKD
$ WRWDO RI  RXW RI WKH VDPSOHV\§85\W 6EUH HLWKHU

ZDOO IHQFHV RU EDQNV ZLWK QR ELRPDVV 7DEOH ,Q
RI WKH VDPSOH SORWV WKH EDQ@W QRIKP KHIGIBHMYAGWHGRZHU ELRPDVV "
+ Rl WKH WRWDO 39 7KLV ZDV PRUHEJISIVHPYOHSWFWHG 7DEOH 7KH FR

PDQDJHG KHGJHURZV WKDQ IRU WKNMDRWRMLRQ@GEBY RURPDYVN VDPSOHV IURP |
WA\SHV ZKLFK FRXOG H[SODLQ WKH ZDWWHHEX &b YKEDFNVEHRPWMY RQH RI WKH
UHVSRQVH KHGJHV FRQWDLQHG PDWXUH WUHHV

Table 4.2. TerraSAR-X product characteristics

Imaging mode Standard scene size (km) Resolution (m 2)

6WDULQJ 6SRWOLJKW [
6WULSPRGH [

Figure 4.1. Example of a TSX-SS mode acquisition (26 April 2014).

Table 4.3. Summary biomass statistics of different hedge and woody biomass habitats in Moorepark

Hedge type Biomass (kg/m ?)

Mean Standard deviation

ODQDJHG KHGJH
2XWJURZQ KHGJH
6FUXE

7UHHOLQH
'RRGODQG

19



PlotID  Type

6FUXE
6FUXE

6FUXE

"RRGODQG
‘RRGODQG
"RRGODQG
7UHHOLQH
7UHHOLQH
7UHHOLQH
7UHHOLQH
7UHHOLQH
7UHHOLQH
7UHHOLQH

Biomass Retrieval in Ireland Using Active Remote Sensing

Plot area
(m?)

ODQDJHG KHGJH

% DQN

ODQDJHG KHGJH
ODQDJHG KHGJH
ODQDJHG KHGJH
ODQDJHG KHGJH
ODQDJHG KHGJH
ODQDJHG KHGJH
ODQDJHG KHGJH
ODQDJHG KHGJH
ODQDJHG KHGJH
ODQDJHG KHGJH

JHQFH
JHQFH
:DOO
:DOO
7UHHOLQH
7UHHOLQH

2XWJIJURZQ KHGJH
2XWJIJURZQ KHGJH
ODQDJHG KHGJH

ZLWK WUHHV

2XWJURZQ KHGJH

Biomass
(kg/m?)

\olume 2
(m®3/m?)

20

Bank volume
(m3)

Table 4.4. Derived biomass and computed volume values for different hedgerow types located at the
selected sample plots

Species
Salix VSS JRUVH
Salix VSS JRUVH

%UDPEOH Salx VSS
2DN

$VK

$VK

$VK

2DN DVK

$VK ZKLWHWKRUQ
$VK ZKLWHWKRUQ
$VK RDN

$VK

$VK ZKLWHWKRUQ
$VK ZKLWHWKRUQ
*UDVVHV

$VK ZKLWHWKRUQ
$VK

$VK JRUVH
+DZWKRUQ

$VK ZKLWHWKRUQ
$VK ZKLWHWKRUQ

RDN DVk

$VK KDZWKRUQ Salix VSS

$VK KDZWKRUQ
+DZWKRUQ

+DZWKRUQ

%UDPEOH

1R YHJHWDWLRQ
1R YHJHWDWLRQ
1R YHJHWDWLRQ
$VK EHHFK RDN
$VK EHHFK RDN
$VK KDZWKRUQ

$VK RDN KDZWKRUQ

$VK

$VK KDZWKRUQ

aThe biomass volume was derived from the UAV survey, but is derived as the total volume minus the bank volume.



S  Remote Sensing of Hedgerow Biomass

5.1 Initial Assessment
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Figure 5.1. Cross-section of the backscatter return for three types of boundary at different months in the
year (boundary is located at the 15 m mark).
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Profile Plot for Sigma0_HH_dB « |

1|[x = 43424

h & u

=

]

Sigma0_HH_dB in intensity_db

]

100 200 300 400 500 600 700 800 900 1,000 1100 1200 1,300 1,400
Path in pixels B
— Sigma0_HH_dB

o=

-4
-

JLIXUH 7KH SUR{OH SORW QRUWK*VRXWK GLUHFWLRQ RI ODQG FRYHU \
TSX-SS data.

(IDPLQLQJ WKH FKDUDFWHULVWLF URHEPX@W RH®XHY SLUR GQXHFADQ G DUH YHU\ G
XVHG VHH )LIXUH IRU DQ H[DPS ®H[ RIHWVSINW HXFK DV PDQDJHG KHGJH E\
GLIIHUHQW SURFHVVLQJ DOJRULWKPQ® WGHE @OMHHW XWFKFEV VWRQHY DQG RW
DV DOSKD ODPEGD DQLVRWURS\ V&ACHYU HIRU HE DEBR W O LR KM VRIOXK LR LO G X
FRPELQDWLRQ DQG GLYHUJHQFH LQ®BRGH SRODULVDWLRQ FDQQRW GLVWLQJ>
KHGJH DQG ORQ KHGJIH ERXQGDULHV DQC
7KH VDPSOH SORWV ZHUH RYHUODLQ RQWR WKH LFDIHUN DOG
UHWRR QDUURZ WR EH  GHWHFWHG DW L
WKH EDFNVFDWWHU GLVWULEXWLRQ DFURVV WKH KHGJHURZ
ERUGHU W\SHV ZDV H[DPLQHG VHH7HUWVHRI EDPRGFDWWHU PRGHOV DJDLQV\

XQVXFFHVVIXO ZIWK WKH EHVW UHVSROQ\

7KH UDQJHV RI EDFNVFDWWHU UHVSRQVH DUH EURDG ZLWK

D SKL e OWHU TQ WKH YHELURDIUV LPDIH ZL
D VLPLODU GLVWULEXWLRQ IRU WKH W\SHV VKRZQOLO JHEUXDU

(n YLIXUH 7KHUH ZDV QR

DQ&XQH
UHODWLRQVKLS IRXQG IRU WKH -XQH LPD

-2 Analysis 5.3 Mapping Hedgerows with Optical

7KH LPDJHV ZHUH IXUWKHU SURFHVVHG SatellitesD YDULHW\ RI
(OWHUY DQG LQGH[HY VXFK DV DOSKD ODPEGD DOQLVRWURS\

SV.QRWHG LQ VHEWLRQ LPDJH VHJIPHQ
VSDQ 6K( EDQG FRPELQDWLRQ DQG GEYHUJROFH LOGH
XVHG WR GHWHEW KHGJHURZV 7KH 7ULPE

7KH 6K( DQG 6SHFNOH GLYHUJHQFHVIRQWHED W NUWHKRXOBVW H[WHQVLYHO\ XV
EHVW KLIKOLJKW WKH KHGJHV EXW H{RXDG \Q ROW FXHDFWKIHGEYHURZ FRYHU IU
WKH KHGJHVY DV REMHFWV GLVWLQFMWDURV REW KOHWM XW\DW UG W W KHUXERUDPHWHU\
DV EXLOGLQJV DV WKH\ ERWK KDY H/ IGRX EFRI® FEDWF N\RPPIRW WRIHILW\ VKDSH VPRF
VFDWWHULQJ $OWKRXJK WKH 6SRWRRRB EWFWRGH F XY LGHWWHIKMW REMHFW H[WUD
WKH KHGJHVY WKHUH DUH D ORW RI PL[HG SL[HOV_ ZKHUH

DGYD WDI Rl WKH 22 DSSURDFK LV

JH
WKH SL[HO LPDJHV PRUH WKDQ RQH W\SH RI VXUIDFH
SRVVLELOLWLHYV IRU LPDJH DQDO\VLV EHF
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Table 5.1. Field plot data with TSX-SS backscatter for the two acquisition dates

Plot ID Biom_kg_m2 Bank_volm3 TSX1_2015216 TSX1_2015630
6FUXE + +
6FUXE + +
6FUXE ek i
:RRGODQG + +
:RRGODQG it i
:RRGODQG + +
7UHHOLQH * +
7UHHOLQH e it
7TUHHOLQH + +
7TUHHOLQH £ i
7UHHOLQH + +
7UHHOLQH * *
7TUHHOLQH £ it
ODQDJHG KHGJH + +
% DQN £ it
ODQDJHG KHGJH + i
ODQDJHG KHGJH + +
ODQDJHG KHGJH gl it
ODQDJHG KHGJH + +
ODQDJHG KHGJH £ i
ODQDJHG KHGJH + i
ODQDJHG KHGJH + +
ODQDJHG KHGJH ek i
ODQDJHG KHGJH + +
ODQDJHG KHGJH it ik
YHQFH = *
YHQFH t =
:DOO ek it
:DOO + +
7UHHOLQH + +
7UHHOLQH + +
2XWJURZQ KHGJH + +
2XWJURZQ KHGJH ek i
ODQDJHG KHGJH ZLWK + +
WUHHV
2XWJURZQ KHGJH + +

5.4 Geometric Approach DQG WKH UHODWLRQVKLS EHWZHHQ EDFN

DOG KHGJHURZ GLPHQVLRQ LV VWURQJ
$ UH H[IDPLQDWLRQ RI WKH (¢HOG GDWD VKRZV D VWURQJ

HPSLULFDO OLQN EHWZHHQ KHGJHURERFOXPHQMRXPDQRBWLRQ VKDGRZ LV WKH
HVWLPDWHG ELRPDVV DV RQH ZRXOEBRPBWEWEHWXHHQ WDUJHW DQG VDWHO
FKDQJH OLNH VKDGRZ GXH WR VXQ DQJOH

SV WKH ELRPDVV VDWXUDWLRQ UHVEOXWARR Y I HIPIP L urrwor uhoo

WR EH LQVXUPRXQWDEOH LW 2DV GkHHFd'J%WJq?y\/EUVl\.IJH\Ig\/HRFW[LSPI-Bh\{VVDWXUDWLR
WKH EDFNVFDWWHU VLJQDO LQ D QHZ ZD\ E\ ORRNLQJ DW

LWV VKDSH 7KH UHODWLRQVKLS EHWZHHRHELWRDV&GCRPIY YV WKH JHRPHWULF t
KHGJHURZ GLPHQVLRQV ZLGWK DQ&GGHR WHELHGVLQ W N AWWIIRRYXQY D SXUHO\ JH
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Figure 5.6. Pan-sharpened image of Fermoy town (County Cork) acquired by the satellite Pleiades-1A on
13 October 2015. Images were segmented using the basic segmentation. The red lines are boundaries
IURP WKH 3ULPH GDWDVHW WKH EOXH OLQHV DUH H[WUD ERXQGDULHYVY LGHC

Figure 5.7. More complex landscape using the satellite Pleiades-1A image acquired on 13 October 2015
from Moorepark (County Cork). In the segmented image the thick blue polygon lines in the image are
hedgerows, but the segmentation also considered the treelines.

Figure 5.8. Image from the lowlands of Comeragh region (County Waterford) acquired on
23 November 2014. The spatial resolution of this image is 1.5 m, with four bands, including a
near-infrared band. The image was captured with a high off-nadir angle of 23 and sun elevation.
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J)LIXUH 5HODWLRQVKLS EHWZHHQ ¢HOG PHDVXUHG KHGJHURZ ZLGWK DQG

KDV EHHQ XVHG IRU KHGJHURZ GHWHIFIWXIUMHQ 8VHQWUBDEWH G IURP WKH EDFNV
3ULPH WR LGHQWLI\ OLNHO\ KWGVWURDVOXHHOQDWHG WR WKH ZLGWK R
XVH WKH VKDSH RI WKH EDFNVFDWWHIGJINQRW WRWHB PU RPHY LW K D W DXUHH

KHGJHURZV WR GHWHFW WKHLU SUHVHOFH DOG WR PHDVXUH
+RZAYMWMWXKHA VWUHQJIJWK RI WKH UHODWLRQ
WKHLU HIWHQW

LQ )LIXUH LV SDUWO\ D IXQFWLRQ RI
7KH ¢HOG ERXQGDU\ GDWDEDVH LV BURFHWDMWGE XY MR WKH UDGDU VHQVRU 7
S\WKRQ VFULSWPWR G U MDUMDH VHFWVEDWDWKHGRZQ DV KHGJHURZV DOLJQ SDUL
PLGSRLQW RI WKH ERXQGDU\ OLQH GWKH FUMLR OWRFWKHLYHQVRU L H LI WKHU
YLIXUH XVLQJ WKH IROORZLQJ FPHIWKKRRGS IDLOV

FRQYHUW 3ULPH YHJHWDWLRQ SRO\URQV WR SRO\OLQHV
5.5 Discussion

VLPSOLI\ WKH QXPEHU RI SORWOLQH YHUWLFHV

7TKH ODEN RI UHODWLRQVKLS EHWZHHQ UL
FDOFXODWH FHQWUH SRLQWY RI HDFK SROVOLQH DOG FUHDWH

UHVSROQVH DQ KHGJHURZ ELRPDVV LV SU
SRLQWYV SHUSHQGLFXODU WR WKH OngH DW WKH PLGSRLQW

E\ WKUHH IDFWRUV
RIVHW BA HLWKHU VLGH RI WKH OLQH

VDWXUDWLR(?_'

MRLQ HIVMHWRSDLU RI SRLOQOWV WRJIJHWKHU DV D QHZ

SRO\OLQH WRPFUWHDWMHFW OLQH D FRIRMW/QWIONYLRQ

PLGSRLQW RI HDFK ERXQGDU\
VWUXFWXUH

WKUHH GLPHQVLRQDO VWDFN SUR\('70H WRRO WKIl-i_lcg

DFWV
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JLIXUH 2XWSXW RI WKH (QDOLVHG 3ULPH SURFHVVLQJ FUHDWLQJ VLPS(
automatic generation of 20 m transects.

Figure 5.11. lllustration of a backscatter transect across a hedgerow with the TSX-SS image in the top
half (red, high backscatter; green, low backscatter).

Figure 5.12. Typical cross-section of backscatter; arrows indicate the period of the sine wave measured
in metres.
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J)LIXUH 5HODWLRQVKLS EHWZHHQ ZLGWK RI WKH KHGJHURZ DQG SHULRG

Figure 5.14. Relationship between random hedgerow backscatter response and orientation in degrees.

| WKH /26 LV SHUSHQGLFXODU WR WRHOKABUWWREDH VRLO URXJKQHVV DQG V
RULHQWDWLRQ LW ZLOO SURGXFH WHFHRPRIPIDWH P EDF NOFEDLVOWBWLRQ LQAXHQF
IURP WKH WRS RI WKH FDQRS\ VW HW KB LEUD QRKHY W
DQG DOVR WKH VXE VXUIDFH VXFK DV VRLO PRLVWXUH

KH UHVXOW KDV VK
URXJKQHVV ,W LV WKH GLIIHUHQFH EHWZH 9 YRRENLYS

QRW VHOVLWLYH WR
WKH OHQJWK RI WKH KHGJHURZ DQG, VHHLQI | ch\)/\ WKH
DQG ORRNLQJ DW WKH VLGH HOHYDWLRQ R KHGJH
VHHLQJ WKH ZKROH VWUXFWXUH

~

DSG
R QZ + 99 SRODULVD\
GR
KH VWUXFWXUH DQ

_IuOI
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H
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5.6 Conclusion
7KH ODFN RI D IXO0O UDQJH RI SRODULVDWLRQ GDWD LQ RXU

76; 66 GDWDEDVH LV DOVR DQRW K H &WDLVW L W MFLDRI) DEHFOWALY DQG UHJUHVVLR
+9 9+ LV PRUH VHQVLWLYH WR WUH EVRPOW W HHWIUADY RE MBHRMW V6; 66 LQWHQ\
DQG FDQ KHOS LQ D EDFNVFDWWHUD®Z FRGE G OADRVG R QW @ IPNWKDWWHULQJ P
KRZ PXFK EDFNVFDWWHU FRPHV IURPXDG&H RBMMRI| 76; GDWD SHUIRUPHG SRRU

7KH GLI¢FXOWLHV RI FRPSOH[ EDFNYHWD WMHYWIQQI IWDKHD OMDIO/ ELRPDVYV XVLQJ 7
LQ WKLV SURMHFW ZHUH FRPSRXQGGIG JAXWKH FRPSOH]
VWUXFWXUH Rl KHGJHV LQ WKH WHVYW VLWH DQG WKH UDQ
76: 66 /126 LVYXHV DUH
WDUJHWV WKDW FDQ EH FkoUupFwHUOTVRE'EY BYRAE YRS
FORVY KHGIH RULHOW
QDUURZ KHGJH DQ XQPDQDJHG KHGJH DQG D WUHHOLGQH
EHKDYH YHU\ GLIITHUHQWO\ LQ WKHLU EBMG NVERIMNHBRWHUMNSRQWROLG WDUJHW
HVSHFLDOO\ DV D IXQFWLRQ Rl RULHQMDWERM FO®@ QROVRG 6B LQIXLVK EHWZ
VHQVRU ,Q PDQ\ KHGJHURZV ZKHQ D @UDRXH\VL\WYEZIZO®M XVLQJ EDEFNVFDW

FDQ SHQHWUDWH WKURXJK EUDQFKHYV RUWNHP CC8F® RCKAFHKHWR VRLO

JH R
E—RDPSOH[ ZLWK UHYV

DWLRQ
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7KH DYHUDJH KHGJHURZ ELRPDVV"GRMQNVY VER VY LEAQ RB@GR KWW WLPDWH WKH -
WKH VDWXUDWLRQ WKUHVKROG IRURI BMR@PG® KPGWHXPHOPHNHNMOLQHY EXW RQO)
" 7TKHUH LV QR GLUHFW PHWKRG RI H®QWDRDSMHWQIHEARIAFAXOMOU KHGIJH VHQVRU
IURP EDENVFDWWHU DOORPHWULF HVWLPDWHY DUH SRVVLE
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6 Estimating Annual Change in Hedgerow Stocks

6.1 The National Hedgerow Stock FRQLIHU KHGJH PDQDJHG KHGJH ZRRG (

'6: GLWFK DQG IHQFH 7KH SRLQWYV DUH
$ ¢JXUH RI NP RI KHGJHURZ LQ ,UHOPQG LV RIWH

HDUV. SURYLGLQJ XVHIXO LQIRUPDWLRC

TXRWHG KREKKNHWRXUFH RI WKLV ¢JXUH KDV EHH

KHGJHURZYVY DOQG R PD\ﬁDBﬂ%QQG/DU!\
LPSRVVLEOH WR LGHQWLI\ ,Q RUGHU WR HVWLPDWH WKH WUXH

W\SH REVHUYDWLRQVY DUH SURYLGHG ,W
OHQJWK RI KHGJHURZ LQ ,UHODQG JHRVSDWLDO DODO\VLV R|

WKDW WKH REVHUYDWLRQV DUH WH[W VW
WKH 3ULPH PDS OD\HU ZDV FDUULHG RXW

Rl ZKHUH RQ WKH WUDQVHFW D ERXQGDU!

%\ GH¢{;QLWLRQ DOO KHGJHURZV D URR ERXBIBVDHM &\ WEXW \Q B /GDIOWG JHURZV D!
ERXQGDULHV DUH KHGJHURZV ,Q WHWVHOLWHD GOWREPYHJ DOWLQJOH ERXQGD
¢HOGV LQ ,UHODQG DUH GHOLQHDWIRG® B¥ GROJRRY REBHFAWWVFHYLWK

WKH ERXQGDULHY DV KHGJHURZV RU VWR?HZDOOV QNH(?_'FHV

+LVWRJUDPV RQ KH GLVWULEXWLRQ RI
DUH JHQHUDOO\ QRW FDSWXUHG DV ERXQGDULHV Lg WKH

VKRZ L8|_?LJXU IRU DQG '"LWF
3ULPH GDWDEDVH DV WKH\ DUH QRW YLVLE RQ WKH DHUL

WKH PRVW FRPPR IHDWXUH IROORZHG E
SKRWRJUDSK\ WKDW IRUPV WKH EDVLV RI WKH PDSSLQJ

RWK XQPDODJHG DQG PDQDJHG IHQFHV
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FRPPRTKH PDSV LQ )LJXUH VKRZ KRZ '6
DUH FROFHOWUDWHG L WKH NDUVW OLP]I
6.2 LUCAS Data QFHQ Q
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Figure 6.1. Frequency histograms of the boundary types recorded in the 2015 and 2012 LUCAS surveys.
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No. Managed Hedgerows per 250m Mo. Unmanaged Hedgerows per 250m No. stonewalls per 250m

D bW D
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Figure 6.2. Maps showing the occurrence of the types of boundary in the LUCAS 2015 dataset. Managed
hedgerows (left), uynmanaged hedgerows (middle) and DSWs (right).

JLIXUH /ILNHOLKRRG WKDW D (¢HOG ERXQGDU\ LV D '6:

8VLQJ JHR LQWHOOLJHQFH IURP /3,8 ¥SSENUEIHIONGEG XWRE HEIRK® GDU\ ZHUH FUHTE
LQWR IDUPV = ERXQGDU\ OLQHV ZHZH LRIKIWHG MX® BRY ERXQGDU\ OHQJWKV ZL\
SVKDUHG” L H D FRPPRQ ERXQGDU\6E-BWRHEWMELUOUWY FUHDWHG 7KH UHVXOW\
3XQ VKDUHG" H[WHUQDO ERXQGDULMEQRW VKQGHGIJXUWK JLYLQJ D QDWLR
DQRWKHU IDUP HJ D URDG IURQWDJH DEARUQRQUG@DEBRXQGDULHYV

ERXQGDULHYVY L H ¢HOG GLYLVLRQV ZLWKL D IDUP
$OWKRXIJIK WKH WRWDO HVWLPDWH LV PXF

7KLV ZDV FDUULHG RXW DV HYLGH QFXUWKRAVOW KIYMBF RWRRQY LV EHFDXVH WKH
ERXQGDULHY DUH OHVV OLNHO\ WR EH UNPRYKGHRUVGBDUWEBG IURP WKH IHZ
DQG VKDUHG KHGJHURZV FDQQRW EHXUYHOXGHB G XQFWEHVHH WKHHROORZLQJ
*/$6 (VWLPDWHV RI WKH WRWDO OHQJWWK R MK B DGMD (H BBRMWRPPRQ 1 .HUU\
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Table 6.1. County-level estimates of the length of hedgerows

Hedgerow length (000 km) (% of total)

Total Unshared Shared Internal

&ODUH
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&DYDQ
&DUORZ
"XEOLQ
'RQHJDO
*DOZD\
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.LONHQQ\
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/IRQJIRUG
/RXW K
/LPHULFN
/IHLWULP
/IDRLV
OHDWK
ORQDJKDQ
Mayo

211DO\
5RVFRPPRQ
60LJR
7LSSHUDU\
:DWHUIRUG
HVWPHDWK
:LFNORZ
‘H[IRUG
,UHODQG

Figure 6.4. Relationship at the county level between the percentage of boundaries shared by farmers and
the percentage of boundaries internal to farms.
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'RQHJDO DQG /DRLV JLYH D W\SLFD .30 H @3tinkates fiomXhelOcuatR |
NP NP8VLQJ D ¢(JXUHNRIDV WKH DUHD RI Hedgerow Survey
WKH VWDWH WKH HVWLPDWH RI NP RI KHGJHURZ SHU VTXDUH
NP IURP RXU VWRGIARU WKH HQWLU%%‘%&%—WU'\N FRXQWLHV FDUULHG RXW GH
Rl KHGJHURZV LQ WKH PLG V. 7KHVH D
+RZHYHU LPSRUWDQWO\ WKH GH¢QIDWHRRHRVKIR 8 RGO RINBOBMSEGRNULGY DW V
WKH FRXQW\ VXUYH\V LV PXFK QDU U¥RIUHH W SRRPDMHURIEVXBEGR YV V7I/KHQBR X QW \
LQ WKLV VWXG\ + WKH\ XVH D ERWDQR¥O W \GHRYD.WLRQAXWKDW  ZLWK LWV ZLG
H[FOXGHV RYHUJURZQ ZDOOV WUHKWOIQEBIXVHRUDIYW EBZQOOMHLENSDFLW\ DV
HWF ,Q RUGHU WR XQGHUVWDQG WKBIQOHRMHMOIDBRHSRMHOIWMLD ODPSOH (HOG VX
XQGHUHVWLPDWLRQ IRU DOO ZRRG\LBLRPDYYRIHDG( G RXREPAHGWDO 6HUYLEH
ZKHQ XVLQJ WKLV VWULFWHU GH¢QUWWHRQHRIJMWHKGR HX H @& XHURRXEDMS\W XUHG LQ
VXUYH\ IRU ORQDJKDQ )RXONHV ZDY A HFUHDIXHG VKRZV DQ H[DPSOH

XVLQJ RXU ¢HOG ERXQGDULHYV PDQXDO LQVSHFWLRQ RI DHULDO SKRWRJ

J)LIXUH D VKRZV RQH RI WKH (¢HODYXKHDONWVYHORRUWKROYY WKH OHQJWK RI YL
ORQDJKDQ UHSRUW LQ ZKLFK WKH |KR®IHDNBRIZYOLSKRWRIMWGSK\ RYHU WKH \
DUH ODEHOOHG ZLWK UHG OLQHV WHKMUMKUYE\VKRZYUHV WKHUH LV D QHW C
WKH ERXQGDULHV LGHQWL¢(HG LQ WKH BDRBBHELRPPXVYULQJ LQ WKH SHULRG
ERXQGDU\ GDWDVHW 7KH GLIITHUHQKH MR WOLOVE RH/YL R MPUWR XKRHRU YD MVYRW D O
WKH UHDVRQV JLYHQ HDUOLHU 7KIOHQVYW-K RQR<E B INYWRE HVIKNP VTXDUHV
FRQVWUXHG DV D FULWLTXH RI WKBXHGIXHVYRG HMQW YHHWRORVYV RI DSSUR[LPD
WKH SXEOLVKHG KHGJHURZ VXUYH\ORHWWRGROREQGKH 7

FXUUHQW SURMHFW LV ORRNLQJ DW DOO 1):% R IDUPYV RW \
MXVW KHGJHURZV 7KH ELJ GLIITHUHQFH REVHUYDWLRQDOO\ |

IURP XQPDQDJHG KHGJHURZV LQ WR P
7KH DYHUDJH KHGJHURZ ZLGWK UHRRHEIMEG DAWURYY DOO®RE WKLV LV UHAHFW|
WKH FRPSOHWHG FRXQW\ KHB JHKUR R V Xd&$H\¥RIVQWYV LQ )LIXUH 1HZ KHGJF
WKHQ JLYHV DQ HVWLPDWH RI WRW D QWRHE DMUIREZ DLUHD XRLQID QG KRXVLQJ G
D WRWDO OHQJINWKRRI KD RU RIDOWKRXJK WKHUH LV XVXDOO\ D QHW OR
W KWHN D W H ZLWK WKHVH FKDQJHV GHSHQGLQJ RQ WK

Figure 6.5. Example of a survey square from the Monaghan hedgerow survey (left) compared with the
ERXQGDULHY LGHQWL{HG LQ WKH %5,$5 ELRPDVV ERXQGDU\ GDWDEDVH ULJI
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