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ENERGY RETROFITTING OF EXISTING
HOUSING AT COMMUNITY SCALE:
UK EXPERIENCE

X RERBEEPEENIE:
RERNERE

FE/R - TrfR / Phil Jones

1E _ #XE / Translated by ZHAO Bo

WE: A7 ETXERRNIIEEINRS, YWIEHTEEESN. BRI RMIMRMRNEN, RIFRFNMR. SUSBEEEX TR
RESTITE 2050 FZ AU 80%CO, HIMENBINABEBEEAEN, AR TR, E#. BEMIIRR CO, Fid . HaEFE (188
B, MRRE. fREm. UREE) E2E=00, FNET7SMIRNEENERR. REF/RTHX 3 MBI TES0E T2
FAtETS8E (CRABBEESIBIUUERL ) . CO, BHERAADHT. B ‘21T SUEMBTEEEFE, EF— 1Ll A KAEUNTTR.
BT E—FRIRRENSIESE (P—8. SaRURSEEE) . A, SR CO, BHIELRIEXASSNEHENEE, FHEE ST
RIBRITRBIERAARIEI, SENEFOREEELII. NA %R SuEREfEERLD 10% ~ 30% 89 CO, HilE, FEBRIFE
SREMNE . A, WNEBRIFSEIRETAIEREKEE “RE BUE (60% ~ 80% ) EiERIfES, BXsEmEiRtEERAR.
Abstract: In order for our communities to fully function in future they must be maintained in good quality with an efficient and effective energy and
environmental performance. Background issues of energy, legislation, potential and actual CO, savings, socio-economics (payback, fuel poverty, health
impacts, employment stimulus, etc) are discussed. Different potential retrofit strategies for the housing stock are presented. Three large-scale housing
retrofit programmes in Wales, UK are analysed for energy savings (using the Energy and Environmental Prediction Model), CO, reduction and costs.
Two 'whole house' retrofit projects in Wales are also briefly assessed, one of which has been the subject of long term monitoring. Data is compared on
a range of retrofit options: different strategies (elemental, multiple and whole-house measures), costs, actual CO, reductions and associated benefits.
The findings indicate that as the cost of measures rise in relation of the predicted savings, reasonable paybacks will be difficult to achieve. There are
funding opportunities for installing 'shallow' elemental measures to reduce CO, emissions by 10 — 30%. However, the large scale financing of 'deep' (60
— 80% reductions) funding for whole house packages of measures is not currently available and does not offer an acceptable pay back.

XigiE: BERR TRis HRRE
Key Words: Existing Housing, Energy Retrofitting, Community Scale
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BIINMEERER R RIERERESD, FEFERSRIFAR
5, UBEEMRIIR AN TRREEM ., EREERN, MM
AEIRER, 22 EZ NTINE BRI B RmCEr0 A E
e, WEETAEREMINEPEETENEELY, MEIEFRE
BEIRRD SRR S MR B aeR . HRTEROETIEF,
WEHESEFFENREZEERE, fIIAEEELERRBNEHE,
IRHEFLRIME; LR AREZEREMNFT XA RIRHER
TN . 2Am0, DAERYDRESUEMN S 7 InEmsl, BFEEiiT
BPEREENETBSMAE S E RRBUFTLIMEE, it
HEBEHAFABMER . A, HNEUEEIMS AR
MR AERIHISERER AN S TEEVSHIRLE, FRERRNERESE.

WXEBICIATIE 12 3K, ZEE/RTLT (Waes) SEFEAISLD
KAEAT R ANIERIS AT, SERIET ‘@FsH
=" ( ‘whole house’  approach) BUSHISAEFNZM, EDPRE]
BEROZHEBRUSEN. BURTERENEIRBRE, FERNTE
MBI RARNSR . B/RTEBTFERNIINBFER, HETR
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IHBEXEE T H/RTECRHERNEXEREN . REEESER/RT
WX, BERMAIEATFE2REMNEMB O FAINEEEENLE
MEZR. XA TIEFR, BERSHETN ( Energy and Environmental
Prediction, EEP) 1B EIIE RN K E 8B E R AIseFEMERE (P
Jones, J Williams & S Lannon, 2000) .

1.1 8. CO, HEMI5¥=

RER CO, HIMERIX 4.6 12t, SFMERIFENFEREX (
RFEITDAZE, 2011) ., 2008 &, B[R SELR BN
BRTHEKRSEN. BKER, RERESAIHEET 2020
FRITINE 1990 FE /DD 20%, FEEHIN 20% KE BAELLR
R (SEC, 2008) . FEREFIEZBEING, REBFNSIESL
%2 (H M Government, 2008 ) AETE 2050 &g, CO, HIMERKR
1990 FERD 80%, YEFAREEBEFR 2020 FERISLILE/LD 26% . £ 2014
F3H, MBAREED (MEZRSE, 2014) , BB 40%
PRHFRANRTIS 27% RI ARG RI(E D 2030 FFHIER, FFRILL (B
HEWZ BN RINRERMERE SRR ) (MMBERS, 2002)



HERISIPELERMIHI T, K& 50% SEFNEGEE X, H
29 28% JBF{EFEBEE (Palmer J and Cooper |, 2011) , {EERSERY
61% AREEZE (HEERFSIHEE, 2011) , IES— M XTFEE
MEERE RO (BERSSIRZIES, 2012) A, BRREFE
REGELLIHBEASS, THBEFEEEAREN 6 EF2 . XFRET
BERHIE N EBERESE. Eit, B BEEEEIREEGEEM
NELIR D HE BB 2ESS -

X7oaefES CO, B RIFREER, #la, BEBIMREEA
RDERRPIRE, B FERESNEARFESEAEERE, CO,

1 RE(EEEERESH (2005)

2 ik, TREILARIEIR U (BE 1965 ELSRHNE, R ERATHER
REAEL (Jones P, 2005)
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SN SHaREEREX, CREREEEI REHEIER), B
RKIEZITERES T EIABRIE MR, BXRASE
A, sERBRRSEHRATERMIN RS, AR IERE.
—IR ‘YRGS (fabric first) MSATERMRA S EESS
BE, ErILAEEAREMRERRAIR BRI Z AR .

1.2 ZMEEFENER

BRBIRSTERRNARNER, BRABEXM CO, B
BREFE LT, FEiSEM 40 £, EENESRRGEIEINT KD
12.6%. KIE(DIBRFETEHEFNEEES . A, E/LFEBIIRE
BARBERIAE R SIE R, FRABANSREB (A8 AIFERNARRT_EF (B8
RSSREWER, 2011) o XY, MERBHEAEM, “IF
BHEHE BESIEM, REBFEUSATEISE 40 FRZUHAHNEE
EASHZERSENEE, MESESRENSII, ENEEFSH
57 6T (BERSSETEE, 2012) . RESSEHSII=INEEDN
FEXNG, BIA0, AT 2010 FHTE, LEELHER DFIGK 13%
(EEFERSIHEE, 2011) , MHT 2011 FHES, ZINEEX
TRET 22% (HEEESMAHY, 2011) . f£2E, E3IREIRL,
SEEAHAENRS (B 1) , ATERIREREENRE,

BEEERESEESEESE. F St ESNES 2RI
THEROTEFRTE .
1.3 EFRMBHEEES

HE 1965 FEBREMINES A TERANEY, HFEFER
20 FZRILMATEMEREANN “EETeE (RBEZERZE,
2010) » “IEEeefE” NENREFRZLBNH, BRMNABIRE
REAEEE (EREESHUK) , URKEBOEHERRETFIBE
BER. ATRARBENENEET DR ESTERNRITFHRERER
[Bin, ERXEERER, BFASEHRMFN ‘R tTE4RE
I8, REFRRAEE, TARUEFMEN ‘RIS %E" (alowable
solution ) FriFEs

WFHEEE, RERFNEERTRSREEEIR. &
SEEERESHEAR S, B 2 g TEA. Ttk U B8
1965 FLRAISEE (Jones P, 2005) , U BREERERIAERE
¥, EFEOREFEREEZR-D

REZEFIMVEICESRETREEFENXE, HERNEE
B 2R EERURIESEAFEXRS (HEXEF LB EB
73, 2010) » XWEEREDOFEAE THEIANEE, FEE
2002 FRERFIAEBITTRTUN, B EFFUKENER, 408
BEE(FERITREFIETIEE 40% ( Office of the Deputy Prime Minister,
ODPM, 2004) . X3F#Bid 1 000m? RIEEH, BREERFEERIES
( European Energy Performance of Buildings Directive, EPBD ) & 3k
T “HEREGH”  (consequential improvement, 184 2002/91/EC,
2002) , HPHTERYT EN, ERQUSENTHIES BRGNS mit
FHERDAE . MFIHFEERN, wEFLE “BrguE” sk (HuE
X L2B &S, 2010) o FRARETIFED K EIBEE RN S0EN
TBRIEH
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1.4 BEEERRE

A, B 1970 Lk, MRERRIEN SRR
TeE, RERENEEEERIENPELA (ERFITDAE,
2011) . —RME, MERREEESERER. WERRBURESHY
HIPUkEE, XLRIGREFR “BHXMBER" ( “low hanging
fruit” JFNBEAEE  XEREEEETE RSB AT FAIFAL,
MIUXBEIRHEBIFRIRERY, ILRELREIFAIRETEME o

FEHE 2050 F 2 BIRRHERUR 80% BB TR, BUSEEEE
FRIRLANMETHETE 2 000 1281 4 0001255552 8] ( AR RER S,
2010) . REFRESBBMNNETIS, B A RIS
FRBECAE., TEXLRIEHMARRS, FEZMEE 80% Bix
RIS TR EIEN0 . BT — L MAMUAIUE TR, IXESEIERTRELL “5
—&7 g ECEiE, PlanEOERRY, SELL “eEERE AR
S, BIEE—FIE T IZESERER. E 3R THE—/
RE BSFRE ‘2T NSHHE RS GRREBTER
RIENNEES . —LUR BRI SRR THRAVMIRATY), WNERE
BEMSIR D PIRRAIMAR AR . AT, ESTAIHEERIEEEREI
WEEAE, EM— P EMEEEERETAE, FAEETFEM
Bt IEAASMREEMTIE, E5hIERZHAEMBHEEY
S-RBRETRN, SETRENNESXITHER, WTFEBER
SRIGHELUFGE o

1.5 BEEE

Bk 25% HIEEZREELIR KA 41% BIB/RTEEE, #EEEMR
BEROERSD CHBRES, 2011) , AT XERERLR, &
FELEACRIEEL “SETE KIEENEE . MARERE—ME
FPHREWLEBIT 10% BN B TR L. (F e KHEREUETER B
R M HWES AN S HEM AR 2 P a5t . IBfhit,
BREEEEMmE T ‘AR ( “take back” ) BIAIUVEST
BEABHERY 50%, MIEXTXERIITEESIEREE 12% (Lomas K.J.,
2010) » AHEEFNNENEEEENETRE, BT, 8F5
ZHEXRE RS EEERETRERS 25 (25 (ERERBE
88 /ECOTEC, 2010) . BEMBWAINBRNEEREEEEE
2, HPEESEmEFEZNEEDM, MORNERER. A5
HFRIOIBAE2ER (Jones P J et al, 2007 ) . B TRERHEFVNES
BERFEELIAIITFAL .

1.6 BERBE R 2

RiMs2, BAENAREBISHIEE2REIS D8, FMNEE
GEREEBHAY, MERRHAEEETEE. ER2MAN. TREIRN
FREMUREMTIEER, SAEMEF IR X R ER
F2FE . P SEY R LA EIMRAIEI BRI SR TITIE .

2 XEEMGEIRE
RIEIHFREIR 12 FEFY/RTLEAY 3 N SuSIE «
FE—NEAIR 1998 ~ 2002 FLEW—IARINE, HEE
BERFIIBRI ZHRIEES (the UK Energy and Physical Sciences

030

Research Council ) AR EZH5RIEES ( Medical Research Council )
RE), EEARERSHETNER (EEPEBE) , ZEFAERT
EEP B2 NMITERI R/ R THY ME/RIESFE (Neath Port Talbot ) AR
BN T RESuSEREN .

ETNEMAD T T KIESUEIBE BRI BB DA, Z
IEF 2004 2 2007 F@H FMERESSNER THEBRAS
(Warm Wales Ltd ) MNEEFIFIEFRIT ( Community Interest
Company ) SEHESERK

E=ANEODIT TSR 12BN “ABRED” (R 2E)
FEITNBE XN TEEENEBRXEA, XMTHERFET 201055
2011 FEEANF/RTAERRE

2.1 BEEFREME TR E ARSI IETRNEE
(EEP {&8)
RO T TR SERsSE SR, NEEER




RIBRRHEERIR, TR E PSRN N2IEEEEM., 15
B2, MENBTIEENENFEREEN—ERER. BXmAR
TEERHER . AT IHEAREEETEOMEE, B/RTENFR
FFRTEERSIMEFNIEE (EEP #2EY, Jones P J, et al, 2000)
EEPEBIE N ERIRFBHEEFRENL TS, EEPBEEET
BETHEXERAEEEEEN “WIEBEEERESE” (Geographical
Information System, GIS J#%2HY , IXMETLK— N ETFZHE SAP( the
Standard Assessment Procedure, FrETGLIER, SAP EFREART,
2005 ) AT FEEIRFUNEEE%E . SAP RHIEEE
R AT RIS R IN RIS RV ET G, BEEM 1 £ 100 A9
DRIFNEEEERE, DEMSNEREENE/TRGEW), B 4 8x
A EEP 7E “BB4R” R X A N A HBET B {5 FIEENIE ASBEREAR )
‘BERISHRIER" , FIORGESHHIRENTRE ( LEPRRR
[BEE DR TERSINERE ) « NIREIMESRE LR BEEREE
TRNSRIEZERE S —RIINTEHERE ( TEFRRRAENEs ) -
£ 2002 &, EEP =BG RFE ARG S AR TERY
TEEED, THEWREEAREBLARZTARHUK (Jones P and Lannon
S, 2007) . EEPBAMEE T KL 55 000 HREFAVEE, Hh 0852
HRET SRR, RIERFE. FREFERITHEINEFNE TS
4H, MIMRIX 56 000 HREZFUSIEIVEIEEREL, —Rki, EF
RSN DT, K20 100 FitrAERREIN) Mt R @R iE N RBEE £
EAEERRN . XEARERNEREVERA SAP BiE, E—RIITEeE
fE FHATELINE, iSRRG . WEIRIBLAR FEL Ik EE (
AFBHFTR) . NRAHERBEDIERURSEIE/RTEERE
o (the Welsh Housing Quality Standard, WHQS ) FRERY, BBA
TRYE EEP/SAP 99T, {hiTREFEIS=IRD 34%, £9 390 306 GJ/ £,
CO, HEMEESME 29%, £ 22 800t, BATFIHEPEHERNAINIE

B5 BHNRLESHEFAHXR (ERTHESHRRIEE )
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RAKRLTE 2 653 HiE, FEtt 29% MBHR R 1THY. B b B
TARRFEREEZUEMAS CO, BHIIXER, LIZY 90 FaRizsil(E
AR, RT A ERIENEERUAAEIE T, HRATTRERIR .
REE—LLpIh, MEEFABNIERBETENE, tLINBrLFEIME
RBAIEF, Bk, EERNERUMA NAZIRBISIRET .
XINZEGIBR T R RS R S SRS FRVEEM, &
R EEP TR, BEEHREMA T RISEFIINR .

2.2 FERISEBHAIIESEIRE

THERIEARBTE 2004 ~ 2007 FFEIECHE ¥ — M AHERIBEE &
NEWAREBOEIRE (Patterson J, 2008) . ZMBHE/RTHIES
[RANBIER, ZABFEREREDEER, TEEAIBLEXA
MEEMNE, FEERZSER N ABBLRERNGEIm T aeEEmILE
BEIVBANENOREEIRMEZE B, PIanTEseiRs mAISZ HgIE T I
B9 10% BOARIRERER . RTFEERNERE MREEA, HNEB
NFIRASHN ST ERIBLIUEH T B S S0EN =T,
MIENEEREREEEBNRE . BERENAE, #5—LXE
nREHEHE.

“REE/RT MBSETESORES. IMREE. BRRE
(BEE “En" ) UKRKERER. BINEEENFERFN
FKERESIT L (the Government's Home Energy Efficiency Scheme,
HEES Wales ) RHAEERISNELEE, MBINEHEEHIRIEHK
BN FPREERFNEEE, REIENIRS

2004 FZIXAMEFDHE 61 698, IREXT 49 831 PEEH
771, 18 832 HRfEEHILNE T 28 799 IiSAetat. TReElE
FHENRIEELA 800 Hiats, HPXEoEESEBRRURST
CMRIRE, MTEMEEBRSR SR TIEERNNE, SIENE

E6 BRuURHISHAZRAMXER (TERESEEL)
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B7 PURHESHAZENXERE (ARBED it%l)

RAKME. B 63T REFRIERS, CO, B2 SmAZ
BRXER. B, ZRINARKE, ERAHSEEENEGEANTEE
HSE . 5 EEP BEUALT, ZIMEm RN 2B EEN,
FE IR A HRE/RTHEGRA SR, REEHREBSIFIIRN
09.2% 89 CO, HEBUTE, 24928 799, XPHETIFHIAN
TEXRAR, AMTFSHEIRRMEAAN, RIBFEANTENFERARE
450 Tags,

XA EZREN ‘ENIR Ne—RRustEems, mik
ATHENRE . ZMBEFETIFSTURMAE, K2 305 FREE
20T R ENEE . BIRE, ZREdwR T Esiirat, fian
FFEEBEENR, EmBENEFEE, XERRRITES™
—ERREN ALK, FERFSRINE 2RI 9.2% 19K
HERE . BRI E BRI, EIER MR Sz BRI F == 1Rk
ZIERME T 64 Nrfstllsifz, 127 S TABRTEINES. X
FRBE, KEIE FF BAHIRES Film RAIUBR N R bt 257
SEEEME .

2.3 /R {EEERE : ARBED
“ARBED” ERU/RTHFZEHERITY, SEXNEH/RTH
EETERM, SRIEBPLAUE TRSREE, FRDERE E/R
TERENSIN. RN, ZRESENE/RTEREHIIN ST Y
b RIHL . ARBED ST RISHIIINLL “EFE" Bk Lo Es
B, FEETE/RTENTBLERHNEAERS. ARBED it%!
F 201045 4 BFABHIFRET 1208, 1BEKN 6 FHEE,
238 6 000 DNREFMNIZITEID .
R/RETHIEERATS 7 MRS E LR AR R/ R+
75 24 S AIZEHESOHE ARBED TH2, MBS RAEEEE 1 147,
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RIBREAER UMEO0.19
EmRE UfE0.19

3k pvec =EHIBE U{E0.90
SEE 2 me/(meh)

BERERINIIRERIEN RS —

SEHHKER —

HERIAER —
APRREEERE 2.88m°
JEREB R 2 kWhp

B EREEZRETE —

E N UfE1.2
HEERRAWR UfE0.23
{RIEHIR U{E0.23
RIBETR U{E0.20
NS 5m/n/m?
HHRuEs BESIA 90%
KIEBEEEMRE am?

9 RRTARISHIRKERE

B 86 METERD 80% HF e EEnE T iREERE. B
HERE LR, NAEHFSEX (Stroud District Council ) %
S1RHPRY “BFR 20507 i, 310 #MEEREARNE, itFER
S22 902 BagE, LMY 58% HIEHEE IR (HHFSEXKINE,
2011) . WIFIMAEERIZITHIMAS S, (BT 7 B aRRE
BERUIERMEURREREAABTEEEEN . N SN BHIHRE
IREEENMIERG, HP— 2R ARIEERSIE AR T
78, B— RS BFFERE .

B1HANERES: BEHMIBR, AiEY (Turnstiles,
Newport )

FEERRIEIREUSIN B N FR/RTAAESS (B9) , #HE
RITERNFRFRT. FEHTTE2FUNNE, HeeuE. =EK
15, SIEEREY EFEEERITL 70 000 g, EENUGE
TiRRFEEMATTLMER . it CO, HERUER/ 83%, MBUERTRY
103kg/m?/ FEFRZE 17kg/m?/ &, 2011 ~ 2012 FHEZENRIEEE
HiE (HB/RTERFREN ) 87, XESOEEHHEERIR 2
N 74%. ZaseIERET AEERER, MUEEEERE AR
BE, INEIERIFCEITAE RAYERRA LA AR RIAL AN

3.2 BXHERE : EHFBE (Penrhiwceiber)
BANEURTEREEESNXEMBN TSR, BHRERTE
FEFZR U (Building Research Establishment, BRE Wales ) Z3F (&

10 R/RT Pentrceiber RIEHBLESHE

10) - ZIREFE KRR T —HE 5 R ETHEF . TNERIEREIORIZ
KL7E 1000 ~ 1 500 HEAL A, BASHEFELTIRREERS .
IXEFEIFINS LS , RATI RS RAT AME, 7
HEEXBATWIEFE . R TIFRT8e05 LI/ 60% BIRHERL,
BARKRLT S 25 000 3u5E, EFEEERENSINENSERIS.
TENFANEOSMER T 2ETRESHERRERSEIBS
BRI, XERMRFEERR. MIEAAENES, M
25 000 g ATBERI Bl 60% #9 CO, HEE, 2l 70 000 BEEsARE,
/> 80% B9 CO, B E . AT E—MIFFLInFHIE SRR
1RZE (74% 1L 83% ) , R FREEXREMS, TTRAEFIE
EREHN ‘AL #BtbeE —F ST RHFENIOEN, i
X2E—ERNEAMR, HERNEASS FIILRE.,

4 THB A5 CO, FHERAITIE

11 RETHRZETHIB R KRR, DATMBNMRAS CO,
BHEERNIT . EREEAMERENBEISAEXETE (BAH
BEENIALR ) , XEEREH N 3 AT .

B MREe—T SRER BI%0E, MAKLH 6000 S (£
REZFIFED) , GEEEI 10% ~ 30% BI CO, WHEE; 552 F
EEETMNNIE, AL 8000 ~ 14 000 HHE, REAESLIMZIA
40% B9 CO, HiHEE, XMFRAZ2IMERIBLUNERAZIHN
#E; EMESETRE, OO, BHIEIAE 80%, EBEHENRK
AN 70 000 a5,
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B 11 HBFSHRERB/EHRE (iF: HiEkEEERS. 9/ 10, IR
PMRRT2ESHERL, HFSENYRERUEEERN, KFREESE
iI(EIE )

Fit, BEMNHABEES T REZNTORAIER, 182 CO,
HHERIAR) 30% ~ 40% Y, AR LEFH, REERIEMAIG
STFHBIT 60% BY CO, MHEELA E A ENRE .

F 1A SMANMBEXEREER, 5 1 58 3 MERE
EUBIRTEE LR AEIEBRANR, XTERKEE LBURATFE 3 NE
BIFRRIIMERIBHOE o

5 4ig

WETSIRRA, BURTHIBE TIRE SENRHERE, FASTALE
ESEEERIRNEN, EnhTFHEMIREREERE.
SRFRANZBIRER, AT ARASGSIER T TABET
BiE, TERA TR E . DERIEEXIRASOT—, N %
B Mt EEERREADETEHOEMN 70 000 HiE, 2
EXEHIRAREMFINEE, ARSI ARSI EHTHOEN
TEERE. BEf, UIENMERIRSE, 7 2050 2 FsH 80%
FHNBIRSRERN . 25, MBS TR, BRI
SR, BIMERINMEERTELT, SHNESIRENRIEE
K, RIS S A Mt SR B AORUR M . AT, IXFNES K
LB 8 — P AR S AEROS TRRFRBR BN “SSCIElE" |
B AN EFE S BT, NGNS TSRO
PR FREN. JaFERITRANENIAERER, N
R AEN S ETR0E.

034

WEHFESTEERENX TN LB EFTSNTIGIR, 3
AT BEREINVEARSSH ‘T XSRS, ZEKR
G OB AE N —IREBAIRIEIEIR . AL RS
MPARS, INRAELIMS NFHEANTELER, NWYREEIMI
BZi%.

FIRERAEAZER, (BT RETFR ST BARENER
KEEM, EEP REE AR FAMIEXIE T2 S s BHiesl 7
RRAWER, CEBBIITEEEMANRIIA SR AIZEAI TR
WR, FHEHRERRIHTELBUSARES . AT, EEP
ERTT R MR LERMNNEHIRE T HEER SAP T,
BB “FRFR PNEZRISHK 7 LIRS, 3RS0
HiEtENE, BETEH SRR B TR

—ERREN ALK NRBEFE, BRABEESXA
B—ANAHENSINE S, BN EREHATZ2IRRIRFENRE .
IR, —EREN T RERRER T LRARIE . XN SIHEE
RSB VYN . (BRIXFIESHEFIEE S EN ‘A
R TRFENSEE AT, FAEFSEGTF, 2FEXE
BHIEXTEA . BEERIDREZ A e, MMEHE R FEL
NEE T E -

SABRERTHR T UEENSHTERE. BAEERES
Tk, IREEEIRT MUINEXRR T AMENIETEE S EI A
FESMESE, WNBANIEBATTRFRTRINE, 1B
SRz BN AE). ) INMSUARFIEE RS . XLEYNERRA
AN GBS FASEESEIMENRET, ARSI EREAT
VBTN EEB IR, (EEMIENRMAFRILIIE 2050 FimiHE
BEirE—IRR, BESUSHANIBEURESRNSH Lk, BEEE
BAIREEBERE—RIINKEEE. 2R, HIPAFEENTHRR
BERER, BTN CO, Him, REFIRFAEFEE. FEK,
FERRER R B X REAMR I se E MBE RN TR 9T K (52
EBFF, 2011)

Hig: MEEREMYERFARESRUREFMREESERA EEP (&8t
MWREERES . AN FTIERESEBRHTNSESRURBERTHE
BRATDREAMIESERFASITHES R, URBEARBERANWER
S RRENEEZISRTEE . (ESEMANE: Jones, P. J., Lannon,
S. C. and Patterson, J. L. 2013. FHISHiE: E3in, §85? . ER
ARSER 41(5), pp- 532-550.)
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