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HE: REEKRZEE—IEIEN (evidence-based) TWiNER, EMEFEEREMNIKIBRIESARMILIT. ATHBTHEMZITIER, REMFIERKIIEE
HHERERNEXEE, ZENZENEESHENERARES] (Landscape Performance Series, f&i#R LPS) RUWEXFKIEREA—MEIR, LPS B ERHFHE=A

(sustainability triad) Z29E, BEARESMLENEE, WERE. 2% HSEELESWAEEANBRETEWL.
SNMBHMOMREALBFH, EFNMERNAEZLEFEETFETA. AARBANEIELES: —RBIITHENGERSHBE
AREFROEVEIERRHEN, Z2REMRITERNGNENER A ENATEENERE,

KT WHEEMN, STH,; RERRESHEIRITEREIMNE THEFEN

Abstract: Landscape architecture is an evidence-based profession and discipline, in which creditable evidence is used to guide future design. In order to promote

BRFHATLL, RHER,

sustainable design practice, scientific evidence that supports design and presents performance needs to be collected. Landscape Architecture Foundation’s
Landscape Performance Series (LPS) is one of the efforts that attempt to collect this evidence. Built upon the sustainability triad, LPS is intended to quantify
outcomes of applied landscape solutions in environmental, economic and social aspects through a collaboration of researchers and practitioners.

Landscape performance research is still in its infancy. There exist a number of gaps in its metrics and methods. This study includes two major tasks. The first is to
compare the currently used metrics of landscape performance with other measuring systems in order to identify gaps and make recommendations on improving

future landscape performance metrics. The second is to examine and discuss the reliability and validity of the methods that are frequently used in landscape

performance quantification.
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BitRIMNES & REZ 5% (World Commission
on Environment and Development) & {2 H
AHEERIUE, ZEREDTE 30 £45E
TIrizWER., AIHSLZRBRRPITE.
RHZFEBRMEHLS A=A ENFE
(WCED, 1997; ¥®)RE&EM/R, 1996) . KEM
WA BEREERX—FE, MEFEH
EX. BRABK UAXERBEBASEMTL
RREFERFLE, SER, MAHFEE
HREHARMEBEHLEHAS, NEFIE
FERAR. ERAEALYM. RARTHERER
BRI EERE,

REEWEZ—ITEIER (evidence-
based) TWHFEH, EWMEERLEHKEER
BERREIT, ATHHTHFEMNIRITSE
B, WERSFIERERZERIT ARG EX
EE, UEANHARELAEREXMIES Lt
TTSFEMNEN, MHXFLTBESRERE
B 5IREIE T 542 IAIE (Leadership in Energy
and Environmental Design for Neighborhood
Development, &% LEED-ND) . T[54 ET
{E3% (Sustainable Sites Initiative, & SITES)
MR EMEFRT (Landscape Performance
Series, {E#R LPS) .

LEED-ND #A SITES # 8 FiFfa k&, H
XA LM R E 5 E — R 5 B AR A A
M ERBEAET—ENE SITHEELE
USRI R SR UBR X LS, X
PR IR Z 3T SR LT B B AT FFEL I AT T I,
BE—ERE LR T RRHEIRITHEE,

LPS HEERZEMHEES (Landscape
Architecture Foundation, f&#% LAF) &2, {E
A "—ERZEHHRIE, ARITID. Fif
NBMESERTEVHEVMMNE RAET
HHEYPIE, HFAHABERUBRAR

B H, " A [ F LEED-ND #A SITES, LPS
E—EBRWMIEERR, EERBEEREX SR
HMHITEL, MAREFRITEIXHH
bt s,

ENGERHELEBIRFARFET
%l (Case Study Investigation, f&i#% CSI) X1
BETHY, IZTRBAXEHE. ZEMRTAF
BEAR. MRUSHTETMS, BENE
ML A REEE, BRMEFEERURT
HEREATAMERTEARXERETR
MiZzAENSEUMEE, BUAERREE
£, MREBLAFTETRE, ZERSAEFREBL
B 1A T ROARAET RN SENENL
ik =

AHREE 24 Bir. BiRZ—REIITH
EMNGZVNEEBENTETRERS. LEED-
ND #5#RIA & SITES #5847, ZHEIIRIFET

B & D
BiER

Consult Designer:
information of
the project

l
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EbER, RHER, AR RUEHNE
BiERRHEN BHRZZEREFTHESR
ME &R RN EERERE.
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TR K. MRFREBITMHEN, RSHE

MERBSEBERMRRK, BEit, EFE
BRERMAEZREER. FRRITEEHF
BEEBRE, FURAERF -1 XS
MEfHERAM UM BRENESRRR
ST, FRE, BRIV CSHERMES R
SR SSHEAREEATELR AR H X B,
BRTRUGHZH, EHE-LHMEESE
IR F & T 5, €45 LEED-ND
Fn SITES, LEED-ND #A SITES 48 /8 F i 0 1k
7, EAATEL R IR LT IR

42 ¢ &, LAF &5 / ¥
WIAEBBKE T
Data: Designer & LAF Review/
On-site collection comments
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FARATA B B AT H5 FrEEBATHEE

BEMERHE TEHFE R FEFRFN

Identify Fik

sustainable — Develop

features of the metrics&methods

project to quantify the
sustainable

BUERHRY csl
Quantify benefits CEIRES

CSI Deliverables

1 RMGHELHRIE

Procedure of Landscape Performance Quantification
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F R JAT ¥ CSI #5475 LEED-ND #1 SITES
HIFEFRIEEIT LB,

5, BARAGRRNEAEESRY
FRETEHER, FAUEMNEERARIER
5—EEARITEEFERETIER.

SUBHHARE TR, BLUNOFE
&ﬁﬁﬁﬁoﬁﬁgﬁw¢,ﬁﬁﬁﬂﬁ%

HATERABUR FRTEERRIMEEE. HINRA
mERENGFEE (MEKESHFERE,
1991) XHEE SR ERIE XAEAIRERS L
BRI R EE U A EHITIRR.

3.1
LAF i 2SR 7 AR, Z5FH
HE3PEH (FR1) . IEERRFEMIT

HTHSAMBUESNENESRAERS,
BREENRS. ATRS. XBREURX
RS (FEEBRSKITM, 2005 (B2) .
ESWESAERT, INEIERAE MR
. ATRSMIZERS, HIEFERTES
Iwm%,ﬁﬁhhTﬁzﬁiu§%m%
BEEMETKRE. RITROAMTAEITRA
REBEYHIEIREE T KA EENET RS
BT SIEET. BERE. ARERFEHNSE
WA (BEED) . HESHEBIREET K
WMAXILRS, BERTREBRKE REHY
EMASXRZXLERNE (B2) . Eitt, 3&N)
B2 Y LAF 13X JL IR 78 Bl 5% 5K H9 R 6l 77 52 1
BRI, BN, XUERREARET A RGE G H,
FRIRA RUEFEMEn EE /MR, B —
EREnNXBERE" . B, AXEFH
SHITETERNEFERER, RidAH "I
ISERMEMNTFRBEERLT R "
X 4 BR T WX g R R gl CSI H,
2B EMNRN 2FRIE 7L,

=1 FRWEHIER (RFRKIEDENFHES)

(GRiE: LAF, 2014)

Table 1 Landscape Performance Metrics (Following the sequence in the source) (Source: LAF, 2014)

#7455 Environmental

tith Land

7K Water

i S ith Habitat

B BERMZ=SHRE
Carbon, Energy & Air Quality

MRS5ERY
Material &Waste

ZZi& Transportation

1 I1ER4P Soil preservation

R / 188 11 Soil creation/restoration

T HF A / LR Land efficiency/preservation
HFRLIRIT / EEE Shoreline protection/restoration

it EE Stormwater management
F57k Water conservation

7k Bt Water quality

B Flood protection

i Tk #h45 Groundwater recharge

SRR / B / RE

Habitat preservation/creation/restoration
&S FRi& % & 4 Restore corridor connectivity
BUEHE 2 IR 45 Improve habitat quality
Y L4414 Increase biodiversity

RS ESTEM Increase ecological integrity

fER 15 A R HER Energy use & emissions

FSEE Air quality

BTN BRI Temperature & urban heat island
W% EE Carbon storage & sequestration

B A/ BERH#E Reused/recycled materials
% 1 #1#} Local materials

FBHIR Green waste

RO BIR Waste reduction

£i5% Economic

#% Social

AEERNZE
Public health & safety

B F=HE Property values

E %324 Construction savings
291517 544 A O&M savings

Ji!l"‘%#ﬁ Replacement avoidance

% H % Visitor spending

Bl A\ Tax revenue

%5 % & Economic development

BIERL W #l% Job creation

FEME I Increase enrollment

F Ri#EE User's satisfaction

4iERE Life quality

KEE 0% Noise mitigation

4% Foster play/exercise

" #1T Walkability

ILIBRTT / BN E Therapy/spiritual value
D ZIBER Traffic accident reduction
F&{KIEFEZ Crime reduction

R R RS H{E Recreational & social value

#H B M{E Educational value

B &7 Food production

R RE / M Scenic quality/views

3C{LiE 7= Cultural heritage

BliE5 AT / 35FT % Placemaking/sense of place
A3 Equity
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LEED-ND #A SITES 5 LPSEF £ A &
#MEALRRE, B, LEED-ND A SITES E&= W
Tl Big it R EIRAEA M R ITIEAS, LPS IE
HUNENRRMEEXFERG. B, X
=EMAELIERTE, LEED-ND RIEBFER
EmMALR: FE/ X, HXFER. SITES
RYETN B B9 Edn B EAT A 2R EhE, #Eaigit,
wit, BEMER, LPS RIBFAHE=fAmA
4 G, gFNits (B3) . NERBUURE,
LPS ZME—MIFE. ZiFfits 3 AEEET
fE =M B — KRR, LEED-ND iEFEHE
FHE, FRBEZFFLSHF®E, SITES ME
MEAEMBSHRATE, MAEEEFAE,

LEED. SITES #n LPS A 7 [&] B9l & = #A
EEAFERET MIEHEIERAR, LEED
HEEZEZHAHS (US.Green Building
Council, f&#R USGBC) F 1999 FEH IR,
EERERBERIFEZEEFINAR, &R
T 20 42 90 R “ZRIIIREEM" HE
k. B3R, AMMEBIRBIBRIE—HFERL F&
BAHER, BNRAETEEINEEETR,
Frll USGBC ¥4 7 LEED-ND , §xZ @&
FENE AT BB F R BN S NIRERIE
f& (USGBC2014) .

SITES F 2006 £ R, EEXEEYE
(U.S. Botanic Garden) . &= K5 EHR
THRAE - Y8k AEFEH0 (Lady Bird
Johnson Wildflower Center at University of Texas,
Austin) IR EERFZEMIAHHS (American
Society of Landscape Architects, ASLA) At
EE AT, SITES R TRRMESRLE
MEZME, ERTENEREREEREEM
REMRMFEIIEIT (SITES, 2014) . USGBC
KHEIX 5 SITES G EFIF &, Eitk, LEED
#0 SITES EHIF MK R A — LB IR 4R
(SITES, 2014)
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HRIBR S
(REBSRGEHIRGH=R)
Provisioning Services (Products

obtained from ecosystems)

BFRE
(MNEERIRFHEDRS

BI4s )

Regulating Services

MILRR S
(MESRGPIRGHIEMRER)

Cultural Services

(Nonmaterial benefits obtained from

Supporting Services

(AFRBEEMESRE RS =M KD EHIRS)

(Services necessary for the production of all other ecosystem services)
——ER A Soil formation ——FFMER Nutrient cycling ——#14R % 7= Primary production

—& 1 Food (Benefits obtained from regulation of ecosystem)
——7k Water ecosystems processes) FEHIIAIE HE0
—##} Materials TRREHH Spritual and religious
#EIR Energy Air quality maintenance — IR RN ERIRF
—X Y L #£1% Biodiversity —5{&iF75 Climate regulation Recreation and ecotourism
—T:&{ 7 Carbon sequestration ——£Z1{E Aesthetic values
RERET ——R & Inspiration
Temperature regulation —# B 1{& Educational values
—BEERE ——37FT % Sense of place
Shoreline stabilization ——3{Li&E7 Cultural heritage
— RHER —#t £ % & Social relations
Stormwater management
——RUEF&{E Wind reduction
—— #2412 Erosion control
——kiki%1k Water purification
—hiiRiATE Waste treatment
—— NERF IR
Regulation of human disease
ZMBAF Storm protection
RERS

LEED-ND #0 SITES & { A B iF M K & 2
EFTREMNARRERMENMEIZN, B
20 42 70 FRAMNBIRE THELRHER
HhE, EBRFERAREIE T AMRKRX
i, REERAAMREZWORRFUF
R, EE, XHEEAENSENHRRA
Rz, XEFEBELBBETATAHESH
% i% H # 8 & 7 LEED-ND #A SITES &9 3E
K&, F45b, LEED-ND #A SITES B9 F & i3
BEZWRBBTN, BFROEXELHIRE
RURZHTHSEFERNSHELE, &I
T RRXEE I 5 75 LEED-ND 70 SITES $&

2ESNTEEXNESRERS (ETEESRFTHRS
FEURE ABIER L34 )
Ecosystem Services Related to Landscape Projects.
(Adapted from: Millennium Ecosystem Assessment &Twill

etal., 2011)
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HESMEFRITERE IEERSHT
LEED-ND #1 SITES it A &R L 2 AR5
FRATERR,

LPS €l # F 2010 &, He F LEED #A
SITES. LtHf, FERAEMAMBFIARMEE
HEZRSZHAMNIARE, BFAKEFL
GEMBAEES FEEFLTEMKE,
H, FEEFHSRAEENZREREDN
Bk (LA TEIFHEXFEFEEN) , Eit,
WEMEREENFFERATHREFLIE.
BREX—S/E, LAFERHE=AIER
HRHT LPS, 8— 1 HBEHFZ BT AHE
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/=W

%< 2 LEED-ND iEMH A RTIR (3 FRSRIEHREIRFHES] ) ( 5RIE : USGBC, 2009)
Table 2 LEED-ND Rating System Checklist (following the sequence in the source) (Source: USGBC, 2009)

T3 E9iiE Smart location
R FANEZSEEE Imperiled Species and Ecological Communities
IEHANK IR I Wetland and Water Body Conservation

Context

X3
R E{R$P Agricultural land conservation -
i FF30 8 % Floodplain avoidance /\
121 %3E Preferred locations (’;;‘_’L':_‘m““‘ty

GRiENt 5%  4RE R A Brownfield redevelopment

=3k B R FEIREAIIENE Locations with Reduced Automobile Dependence -
SmartLocationand #J% B 1TZ M4 #ik = Bicycle Network and Storage l?{?}}dlngs
Linkage E{£# L{EI%E Housing and Jobs Proximity ==

BB IR Steep slope protection

24 SRR KRR 7 A93% i% 11 Site Design for Habitat or Wetland and Water Body Conservation
S, JEith KRRk E Restoration of Habitat or Wetlands and Water Bodies

R, SRR KEMIRARPER LEED-ND
Long-term Conservation management of Habitat or Wetlands and Water Bodies

& & 1THIEE Walkable Streets

£%E % & Compact development

FEEMFRM AL X Connected and open community .
REEA# R #iL Mixed-use neighborhood centers it
I N\ SRiE £# A4t X Mixed-income diverse communities

B MEZE & FRIE 8 Reduced parking footprint o
HHEML Street network = S
RiBIFHE Transit facilities :
RiBFEREE Transportation demand management
W R A3 %8 Access to civic and public spaces
FEEIRRIEHE Access to recreation facilities

S 514£f0i@ Fi&it Visitability and universal design
#HERIMEFL XS5 Community outreach and involvement
AP %7 Local food production SITES
B Tree-lined and shaded streets

# R Z# Neighborhood schools

TME#IER 2247 Certified green building Eiironmeritil

#5188 Minimum building energy efficiency Benefits

EHRFEK Minimum building water efficiency ;/‘;-"’/'7’3'*"94 K ;:':"::r‘:‘gice

HELiTERAA Construction activity pollution prevention / \\ oy

iEMER @ Certified green building '

E#H75 4830 % Building energy efficiency // \

B Ak E Building water efficiency

S Ak E Water-efficiency landscaping Economic | ”HSEL
FEEMIRHE WARFEF A Existing building reuse Bt vi‘f;ik 2
Green AEREFERIPFF A Historic resource preservation and adaptive use R == 3
Infrastructure RN TFHIFHHZIT Minimized site disturbance in design and construction

W& E Stormwater management

HEFH B Heat island reduction

KPBAF{iL Solar orientation

L% AT B A& 4ETRFI F On-site renewable energy resources

X 5 4t #F0p&i2 District heating and cooling

B At i sE TR F FAZLE Infrastructure energy efficiency

[E7K & Wastewater management

[EIRERLZHEE UL Recycled content in infrastructure

1. Site 6. Monitoring
_ Selection | & Innovation 3.

[
2. Pre-Design™_ |
Assessment and <
Planning -~

. Operation & B /11411

Maintenance

pEEXEIT
Neighborhood
Pattern and Design

" 3.Si 4
!m 4. Construction
Design

4 it T

[E A 33 3% & 28 B Al i 7 Solid waste management infrastructure
D54 Light pollution reduction
BlF 5iRitiEiE
Innovative and
Design Process
AT RIESE
B [E Regional i 5Ei#{TXIHSEE % E Regional priority 3 LEED-ND. SITES #1 LPS A9HEZE EL %
Priority Credit Comparison of Frameworks between LEED-ND, SITES,

BIFFARSEZ A Innovation and exemplary performance
LEED AE% Ml LEED accredited professional

and LPS
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X3 AAEKIER, BIFE. E5FMd
=. IS, LPS Wi ER B ZMANERFE
17, EmaEBAEMITEEFAHIFHRIMER
EHRIRERL. U EERBH{T LEED-ND.
SITES #1 LPS ik REVIEIRE R,

& LEED-ND. SITES #1 LPS FF7E£ 5,
E=FMAETGHRUAOATEEE. Eit, #R
LEED-ND #0 SITES M1 A R HI57 2K, M
BB EMSEREBI R E A AEFER
2, XERENER.

LPS 5 LEED-ND % SITES %t tb B9 245 &
=B, ZEENRUEAEATFSANZL,
iR, LR/ BR, Tk, B,
mBMRIPRIES, TaE, RO BRHER /B
HEURMBHOEKWBENBERNE BA
LEED-ND #n SITES #9iF fly & & I B B X # I
BEMEREAYR FAUESTLABITLPS f
RAMIER (R2KRKR3PEGRS) . Him,
LEED-ND 5 SITES & 2 2] 7 15 &b B i 3iF,
TEEEMNNERESAARBHRRETK
. 2ERBRLCRUEREN T EWK
. XAHEARATIAANTEE] LPS hIERikh “FE
7 n% KB EFERE" & "BDT n% )
FE=E" . B, ZESITES FEXE—F
=L "ERIFBRANRIT , XANERE
BRIt EEEBTRUBRBEE M ARER
FEZERIRREAEY. X—IERAT AT
2| LPS KAl “HAT n BEHEIR" B R
LT n BEWHHMRHNFENTRE, ETFW
HTnETHAE" . R4ASETLEED-ND 5
SITES & AT LPS Fig AHIIEIR, FHAHE
BRAHIBIF.

HZEHHME, LEED. SITES #1LPS &
ZHEHE &, LEED. SITES X LPS i¥F fif &Y &%
2B E A IR R LR F R,
LEED-ND 5 SITES M = FAURE M L, ™

Landscape Performance / Special

FERFINESRENERSHR

Measurable Ecosystem Services for Green Building
—Hk% 7 Carbon sequestration

—Z=S R E Air quality

—Ppit Flood protection

—Jk {7 Water storage

—IKid i€ Water filtration

—A&E 2 /X8 Energy consumption or generation
—Ta7kHERL Stormwater conveyance

—4 ¥ S+ Biodiversity

—SB (M BHAL) Temperature (heat island effect)
—hi#} 4 45 BB Materials life-cycle

#HeuEs
Social Benefits
—AZf#R Human health
—5 B =% Worker productivity
—=&Fi& & Comfort
—i#% =& Satisfaction
&R Well-being
—%#{k 31 Transportation options
—IAFTEE Placemaking
—3&i B %4 Biophilia
—ZE2M1E Aesthetic values
— & E Spiritual values
—IR R +{E Recreational values
—REHEME Scientific and educational values
—H7HRIEHS Ecotourism opportunities

253 E#HLE Economic Incentivies
—RERE B BHLE Energy incentives

—IR D R K M ERIFE B Transportation demand reduction incentives

—F #1214 Materials provision

—E& 114 Food provision

—Hk{& A Carbon credits

—IKiAT5EEIHLE Water regulation incentives

—FAEEHEIHLE Stormwater regulation incentives

— BRI 5> fR L Waste absorption and breakdown incentives
—EY SHE SRS EEMEYLH Biodiversity and Habitat incentives

—LiES S ELE Soil and nutrient incentives

—ERTSEEHMMILE Indoor air quality incentives

— IR LB FIHLFI Healthy materials incentives

—55 ) & PR HRHLH Worker productivity incentives

—fFEE HmHLE Comfort incentives
—i# B R Satisfaction incentives
—ERRSEIHLE Well-being incentives

— &R EHFEIH Transportation options social incentives

—IBFREE M EIHLE Placemaking incentives
—31E B %R AL Biophilia incentives

LPS MEFEHIEMENL, XAMATLEE
A% 3. LEED 5 SITES i2 F— AT B K14
FR, WMEXLEMEKEH AMRITH
EZHRRFAETRNFE—PEIE—IEMN
BEEERERG IS, BRI THE
BIRTFEXTEE. LEED 5 SITES HiBRMIEIER
FIF LPS Bk, FHEIFHIESREKMIRIT,
5—7%m, B4 LEED 5 SITES 2 7 il Jl I

57

BRISZH, BELERIFERA. LPS AT
TERBMIENERR, FREARKIEIA
IERERRE.

B2 LPS R NS EE S AT LM KA,
BMESETEREERILHER. H8
R (Twil) EAERFEREHHE 10 LA X
BUMESRGERS, XLEEBRERSS
HeWam BFATRLERARTERAEESR

ST OTR

4 ZFITMIET CRIE: HBE/REA, 2011)
Building Evaluation Metrics (Source: Twill et al., 2011)
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R 3SITES IFMMARTIR (RFRRIBEHMIRFHET]) (GRIE: SITES, 2009)
Table 3 SITES Rating System Checklist (following the sequence of the source) (Source: SITES, 2009)

AR
Site Selection

RITRHEN AR
Pre-Design Assessmentand
Planning

BRI - K
Site Design - Water

EEABRARE. BHRRARENEZRAMLFERIFL

Limit development of soils designated as prime farmland, unique farmland, and farmland of statewide importance
{RIPiZE X INEE Protect floodplain functions

{Ri7i2H Preserve wetlands

{RIPFREY T AT EM Preserve threatened or endangered species and their habitats

kR iEhE Tt EB A & At Select brownfields or greyfields for redevelopment

AR ARAH Select sites within existing communities
EEREMINHER BN AL ERIGM Select sites that encourage non-motorized transportation and use of public transit
FRAMIEIT AT EH R FIR M AT L R AE1E Conduct a pre-design site assessment and explore opportunities for site sustainability

EREEIBIF47TE Use an integrated site development process

A% A 1E A H M EthF 2548 5 & 5 51811 Engage users and other stakeholders in site design
BEMERAKNEREMAEELEETHE 50% Reduce portable water use for landscape irrigation by 50% from establish baseline

ERIERRKNEREMNEEEE TR 75% KL E Reduce portable water use for landscape irrigation by 75% or more from established baseline
RIpFIEETE. BM5EFE MK Protect and restore riparian, wetland, and shoreline buffers

RS EKHGAT. B 5EREZ Rehabilitate lost streams, wetlands, and shorelines

HMFEEE Manage stormwater on site

RIPFHRFIHH A KRR EKAIEE Protect and enhance on-site water resources and receiving water quality
Wk / RWEMEIETT, RESWEFEME Design rainwater/stormwater features to provide a landscape amenity
FHAKREMAER Maintain water features to conserve water and other resources

Bt - LEFEY
Site Design - Soil and
Vegetation

Hig It - prRLERE
Site Design — Material
Selection

EHIFNETRIHH R A 2 1E1EH Control and manage known invasive plants found on site
EHEERN. FENBRHEEY Use appropriate, non-invasive plants

BIZ L EEEITXI Create a soil management plan

ERITZIE R R/MLIT LR Minimize soil disturbance in design and construction
{RIPERFRTEAEY Preserve all vegetation designated as special status

REBEIRE AP IEEREYEWE Preserve or restore appropriate plant biomass site

iIEA % L1EY Use native plants

REESXIENE S LIEWEEE Preserve plant communities native to the ecoregion
MEESRIHENAI S TEWEEE Restore plant community native to the ecoregion

iE AR ERHERAE Use vegetation to minimize building heating requirements

EREYHREHIEEER Use vegetation to minimize building cooling requirements

BRI TS Reduce urban heat island effect

PR THETE R KBS Reduce the risk of catastrophic wildfire

TNMERBMBEMMAS Eliminate the use of wood from threatened tree species

REFAMAY. BRESURMEKS Maintain on-site structures, hardscape, and landscape amenities
ZEIRFRATIZIT Design for deconstruction and disassembly

B AR R RZIEY Reuse salvaged materials and plants
fER B Use recycled content materials
fERIMEARH Use certified wood

{EB % L## Use regional materials

FERELZEENLSYHIRSRAOERT. BHE. &BL REB Use adhesives, sealants, paints, and coating with reduced VOC emissions
SEFEYRIPATHFEISE B Support sustainable practices in plant production

IHMRIFIE R FFEESSE Support sustainable practices in materials manufacturing
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Rt % & H 4L Promote equitable site development
{35 F&EF A Promote equitable site use

Landscape Performance / Special

SRR 4IRS E Promote sustainability awareness and education

BTt - AEEERM
&F

Site Design — Human Health
and Well-Being

{RIPFRIFHF IR STILANA BIHFT Protect and maintain unique cultural and historical places
RIEFIEEMNIAMATIANYE, REMEMIERE Provide for optimum site accessibility, safety, and wayfinding
R PIMEFESNIAET Provide opportunities for outdoor physical activity

REHEYIA IR P SMEHIT IR LERAFT Provide views of vegetation and quiet outdoor spaces for mental restoration
121 P 4MEZIIAET Provide outdoor spaces for social interactions

R HiTH Reduce light pollution

RHIEIERET T4 Control and retain construction pollutants
WEMTHZTHAILIE Restore soils disturbed during construction

MEIEE

Construction

WE AT % P FFHAILIE Restore soils disturbed by previous development
BEIRERMAAIEIR Divert construction and demolition materials from disposal

Y. Av. BLETEMNERARE Reuse or recycle vegetation, rocks, and soil generated during construction

W RESEHAL BT R

PNeSE

ZTRiTH Minimize generation of greenhouse gas emissions and exposure to localized air pollutants during construction

I E AT 437 BT 43731 %) Plan for sustainable site maintenance

IRESEERULE R BBHET Provide for storage and collection of recyclables
ElAt E AP = £ AR Recycle organic matter generated during site operations and maintenance
WM SNER DR F5METREFRE Reduce outdoor energy consumption for all landscape and exterior operations

{E FFnZE 3R Operation and
Maintenance

SNAREMATHEELEE Use renewable sources for landscape electricity needs

BOIEREIRE Minimize exposure to environmental tobacco smoke

ORGP FEENBRESKRINRTERTE
Minimize generation of greenhouse gases and exposure to localized air pollutants during landscape maintenance activities

BOHRMHRESHTHEEERNIER Reduce emissions and promote to use of fuel-efficient vehicles

rEfnel

RIS AR IT SR B A M5 45388 Monitor performance of sustainable design practice

Monitoring and Innovation  17it1i%16I%7 Innovation in site design

EEEER (H4) . BERGEAMEER
LEFEERIER. B, TATERERTIL
# 72 LPS 3fRiAA “RET n% KT AH)
TERE" 8 BT n% B2 A BERAN"
B 4 BT A AFEE LPS B A EE T
EHTR.
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SMEMART (LAF) BRMEREX
A X RMEMERR BIRAR A LI A
ZEARMEMTMOEERR. " (LAF,
2014) . EWMRERZFMFZERETF 1991 £

RUHM, EENREBEIRTEEREN
5B (Reliability) #1%(E (validity) . {EE&
FERER—BE. AESHSREE, BTH
EXRERRE—HHAES, WERTFH
B—MUBREERNEESAEELEETH
MNEZEENERA, ERUKHE—TIH 34
FEFE: ARYE. SRNERNEHNE,
321CSI itkfERMEERZ
CSIitXIEZERFXHRITMENEEREN
. BFE—1 CSITIEHZMIFH, o
REPXBESALE FIRANEERE
FIER R WL HBHULFR . ERINEXR,
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FTERAMAEBRE-—TERAERS, BIELN
= RERWT . K, RSN
REBRIEAHESVAEIENNEN— 1 E
#m ENtENTFHTHFELRNESEL
RHXTELAR. BENMREMNMERZERE
HEREH, FEHENAREMGHIELR
BHERL

B -# (Haines-Young, 2000) #2H,
ENRE— BT RMAR—MEERE. B
Be, —REMN A EERU AT HE R R %
E. SUNTHEERATHERBESR
FAREZHIBES. FFEMBIR AL A
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Table 4 Recommendations on Metrics for Future CSI

B EIESZ Benefit Categories

5% Metrics

WAEN 5388 How can it be measured and reported?

B
Environmental

ZiFE
Economic

#HeuE
Social
FITHRRE D

Lt \ ) F&{EIEZEE % n% Reduced parking footprint by n%
15l - .
Land S#3AL Smart location (LEED-ND & SITES) FE{EHLEN ZE Wik n% Reduced automobile dependence by n%
SIS o SRS S : i : :
E(ﬁ;f ’:{] I:IFDT P Construction activity pollution prevention FELE;S 4 N\ IKiEIE n% Prevented n% of pollutants from entering the water system.
kiR
Water £ MR Storm protection FEIRRER / EiRAIIREIE n% B Sn
(FEEBRLITME Millennium Ecosystem Assessment)  Mitigated the damage of hurricane/large waves by n% or $n
fi& Carbon . - - DR IR KIE n% Reduced extreme precipitation by n%
#EIR Energy “VRIAT Climate regulation (FHASRMAEA: ) BERDFREXREE n reduced drought days by n per year
FTSRE Air F#{FE XLiEi% n mph Reduced wind speed by n mph
Quality RWF Wind reduction (T&EERAFE) B|ER L BREHIE n Reduced windy days by n per year
wER R SRR AR IE BT RiZ n% Reduced the demand for waste transportation by n%
Design for deconstruction and disassembly (SITES) B EMF=4i% n% Reduced waste by n%
M & EFEY WD EMARLEFEIL by n%, THRAIL $n

Material & Waste

Light pollution reduction (LEEN-ND &

SITES)
RUEMER K

Catastrophic wildfire (SITES)

B

Worker productivity (Twill etal.)

{5 A i3 IMERY AR Use certified wood  (SITES)

EREBIILEMEL MR
Use materials with reduced VOC (SITES)

X AT F5455 5% B BB A ATL
Incentives due to sustainable solutions (Twill et al.)

AZE&R Human diseases (FEEBRGRITM)

Reduced consumption of n wood by n, saving $ n in cost
BOREBFERFEIELEEILEWIE n%

Reduced exposure to air pollution/VOC by n%

BT EMHEMBEZE n 1547 $n Obtained $n from n because of n
HFRAEMAFHERBETABK Sn

Reduced $ n tax due to applied sustainable solutions

kB R 5 REEMIX n% Reduced residents’ exposure to pathogens by n%
FE{RIRmZEiE n Reduced hospital visit by n

{5 49% n% Reduced light pollution by n%
FEARE FRITHESI LRI ZERHE n%

Reduced caraccident by n% through light pollution prevention n%
BEX R R TF RS

n% of respondents who surveyed express that the light
pollution is reduced

PR RAEPE K N = EBI XU 1L n%
Reduced the risk of catastrophic wildfire by n%

REEAENSNEFRE %

Increased productivity of employee by n%
AT ERNIE Sn

Increased company’s annual revenue by $n

FE1&& Well-Being (Twill etal.)

#FiER Comfort (Twill etal.)

2% M{E Ecotourism values (Twill et al.)

BEREMES AL Sn Reduced medical spending by $n every year
FE{RIRAm R ELE n% Reduced hospital visit by n%

EEUEFERERIE n (FEEENMBEEMX)

Created comfort environment (temp. wind in a certain range)for n days in a year.
Nn% FAZE 5 R EREFEEIRF Improved comfort for n% of respondents who surveyed
#% n BiEFRMESIRE Provided opportunity of ecotourism to n visitors
B AR REENIE n

Increased revenue income by n due to ecotourism opportunities
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KHARGES. MRNHEEEFERBERIL
M LRE S, BRMNHAULHAEIZERTF
REASNEEFH AN FIEEEETREMR,
TEHRIMERNTHE— LT iZ IR EAER
MEEFHIE.

3.2.2

201 EFRIIZINTENEHRHIHAR
B, H23MEFIRET "EHERP. GIEM
w"E" WMINEE. BFIENBENFKIT 5
HFERE S A, EKSHMRIESITH
ARRRAR. tbw, MEEAESRIPE
(Avalon Park and Preserve) i3] A 7 —IR
REAESRIPFRAOMRE, FEESERE
B (Inventory of Natural Resources) H1#i &
% (Revkin, 2009) KE&. S (Kim,
Koh & Kwon, 2009) xFi&ZE/IhEIEM
P R BIEEIT T XL, MEWMERS
RFEFRER (Old Collier Golf Club) Ef#I51 /A
T Bt ERR (Audubon International) A9 5
R,

EEYEHEFE A3 TMEEAT
B EEE4R (Plant Stewardship Index , &R
PSI) xtEbf{TA9IR B 37 it 7 5 MR IR AT iR Y
BT (MEELESRPEX Avalon
Park and Preserve, FE&RiE# & HL Cusano
Educational Education Center #1§ it 55 5 55
#t X &0 Salvation Army Kroc Community
Center) .

EFRMMAERRHEZET FITHITES,
EmMARRFHNGNE, BEERTEEMR
FHEESEE. SUSEEREmMAEMN
LR, FSIAMARBRERUSERITMHZ
AISERLHY, AMBEERERER, HRXHE
NHEYSHERTECEEESUNER
MAXRFESMRE. B, SIAMNHARS
RER S KRG R T RATIH M AVIRE,

B, ABRMNELRHFEEN, EAER
HEMAH#HITHHEIHRFTREZENS
HEMENAE. b, 723 MEREEY
EHEFMRANMARTSR, KEBRAFEHH
EEMMEIE, ER—TH, BAIFFEEHRR
WMNEIRERELEN Y. B2 FHE IR
BORIRTRETE, WM RV B RA T %
XM EY SHERRERN, ZFPSI, X2
—mMZ3REmENSHEREERE Eit
EREYERTMIMFERLEMTIEA PSI #IF
e 22 BIRR 5% RO AR E R B AN AT R M2 RIFHY,
XEEIX 2 #77E, BSIMBAARTHERN
RBEFTAREMMAAE, BRIEETFHIEHF
ARENASMENENTUERN, BET
HABME, PSI EEMAIE AT EEFA
*iE, EBERERTF—LHEEE Tz
AT AR XIS E Z @A,
3.2.3
MAEENNEFREAE. LLMEE
REERFHs2ERTRELIE ARETN
MENEITRENKFMKE, SFRAMT
RET IRFHESHRRITSYE, RRES
RERIRITTREA TR, BZAEERATESES
=15 A B R AR 21T E 2] (the National Tree
Benefit Calculator) flf B A& B IR E, Hith
HIEMRAH R EHEEES (Daybreak
and Kresge Foundation Headquarters) 5| T
AT ABIRR 3R
ERARETTAIWENEITEIRKEE
MREEMAERETEARVNEEMRNE
—FH\EBHMGERER, EEEMNUE
FEBELSANER. WA ENEEET,
LMRGHBRREE+TSEH. B, H
TRIEHBERERANATE, HREANKTE
EHITKE R BIEGE, #EN, B,
X—FEUER TR UETRE E X #hia 7
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#, EH LAF T EGRHRUL
HHAERAREH. iTree (BRWMAMEITE
#]) FZEBATGIDE, LEESATFIT
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ERAMFEMEFLE, EERITIFIEIRME,
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HE, XHMIERRHTIMNASHAEE,
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SBEAHA, HAELEEBATFEEUSN
g, REWMIE, EMHKIAAZNER
AEMHIRIFILA,

3.24

394MTER, F26 MREIERTRUH
BEYTIKIIRE. HEH, BINHEETMHES
T E R @R D TERER, 6 T B
BEREHKEKERBEMERRERLDT
KRRRE, XEZVWFUHZREFEKET
), BRESSARME.

#nm, XERMMES LEYRMEE
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IR, KEH CSITEMIES FRER,
MMM KPSEIIRFAESKEZE
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1 Introduction
Since being first put forward by the World

Commission on Environment and Development,
sustainable development has been developing
expansively over the past thirty years. It emphasizes
balancing sustainability’s three aspects: preserving
the environment, boosting the economic
development, and improving equity (WCED,
1987; Campbell, 1996). Numerous planning and
design practices, such as new urbanism, smart
growth, transit oriented development, and mixed-
use development, emerged to pursuit this balance.
Moreover, research and practice on sustainable
design strategies bloom, such as low impact
development techniques, native species, renewable
energy resources, and recycled materials.

Landscape architecture is an evidence-based
profession and discipline, in which creditable
evidence is used to guide future design. In order
to further promote sustainable design practice,
scientific evidence that supports design and
presents performance needs to be collected.
Various efforts have been made to collect this
evidence. Examples of these efforts include
Leadership in Energy and Environmental Design
for Neighborhood Development (LEED-ND),
Sustainable Sites Initiative (SITES), and Landscape
Performance Series (LPS).

LEED-ND and SITES are rating systems.
They consist of a series of metrics addressing
different aspects of sustainability. Each metric
is associated with a certain number of points.
Design documents of participating projects are
examined by the metrics to decide whether the
projects can earn the points of the metrics. These

rating systems recognize landscape projects’ degree

of sustainability and to some extent promote
sustainable design practice.

LPS was initiated by Landscape Architecture
Foundation (LAF). It is “an online interactive
set of resources to show value and provide tools
for designers, agencies and advocates to evaluate
performance and make the case for sustainable
landscape solutions (LAF, 2014).” Unlike LEED-
ND and SITES, landscape performance is a
backward evaluation system. That is, it quantifies
performance of landscape solutions after a project
is constructed rather than estimating or predicting
outcomes based on design and construction
documents.

Landscape performance quantification was
conducted through a Case Study Investigation
(CSI) program, a collaboration of faculty, students
and design firms (LAF, 2014). For landscape
performance evaluation, to decide what to measure
(metrics) is especially important. Metrics are often
selected based on what landscape solutions have
been applied in a project and how well the metrics
can reflect the performance of the solutions.
Equally important to the metrics are the methods.
If the quantification methods are not appropriate,
the results would be misleading. Figure 1 shows
the procedure of CSI program’s landscape
performance quantification.

This study includes two objectives. The
first is to compare the currently used metrics of
landscape performance with ecosystem services,
checklists of LEED-ND and SITES, and building
performance metrics to identify gaps and make
recommendations on improving future landscape
performance metrics. The second objective of this

study is to examine and discuss the reliability and
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validity of the methods that are frequently used in

landscape performance quantification.

2 Methods

The overarching goal of measuring
landscape performance is to inform future
design decision-making. If performance is not
measured correctly, the results will be misleading,
and problematic decisions will follow. Therefore,
selecting appropriate metrics and methods is
important. Landscape design creates and modifies
ecosystems. One critical assessment in landscape
performance is an effort to evaluate the ecosystem
services provided by landscape projects. With that
being said, we compared the CSI metrics against
ecosystem services to identify gaps.

Besides landscape performance, other
significant efforts in assessing sustainability of
landscape projects include LEED-ND and SITES.
LEED-ND and SITES are both rating systems,
providing performance benchmarks for sustainable
land design. We compared the CSI metrics against
the checklists of LEED-ND and SITES to identify
gaps.

Further, since landscape performance is
derived from building performance, landscape
performance metrics were also compared against
a set of post-occupancy evaluation metrics of
buildings to identify gaps.

Landscape performance research is still new.
There are few guidelines on quantification methods.
In many cases, readily available data determine
what methods would be used. We selected several
typically reported metrics and discussed their
quantification methods. The examination standards

are reliability and validity as defined by Pedhazur



and Schmelkin (1991).

3 Results and Discussion
3.1 Analysis of Metrics

LAF classified landscape performance metrics
into the environmental, economic, and social
categories, as shown in Table 1. These metrics
systematically evaluate ecosystem services that
are created or changed by landscape projects.
Ecosystems include provisioning services,
regulating services, supporting services and cultural
services (Millennium Ecosystem Assessment, 2005)
(Figure 2). Under the landscape performance’s
framework, environmental metrics measure
provisioning, regulating, and supporting services.
Meanwhile, social metrics measure cultural services,
and economic metrics measure monetary benefits
associated with ecosystem services. Compared
to the ecosystems services shown in Figure 2,
environmental benefit metrics of the current CSI
program address most provisioning and regulating
services except for climate regulation, wind
reduction, regulation of human disease, and storm
protection (highlighted with red dash lines). Social
metrics cover a majority of cultural services except
for ecotourism, inspiration, and social relations.
Therefore, we suggest LAF include these metrics
in its future CSI programs. For example, wind
reduction can be measured using an anemometer
and reported as “reduced wind speed by n mph”
or “reduced windy days by n days per year.” For
another example, regulation of human disease
can be measured by counting hospital visit and
reported as “reduced employee/residents’ average
number of hospital visit by n times per year.” Table

4 shows how the metrics can be added to the CSI

benefit metrics and some examples of how these
metrics can be measured and reported in CSI.

LEED-ND and SITES differ from landscape
performance in a number of ways. First, LEED-ND
and SITES evaluate landscape projects at the design
and early construction phases, while landscape
performance targets on landscape projects after
they are built and occupied. Additionally, LEED-
ND, SITES and the landscape performance metrics
are organized differently. LEED-ND is organized
according to scale: context/location, community
pattern, and buildings. SITES is organized
according to a project’s life cycle: site selection,
predesign, design, construction, and operation.
Landscape performance is organized according
to the sustainability triad: environment, economy,
and society (Figure 3). In terms of items that are
measured, landscape performance is the only one
that evaluates projects in the three environmental,
economic and social aspects. LEED-ND focuses
on environmental aspects, without addressing
economic and social aspects. SITES focuses on
environmentaland part of the social aspects,
without taking into consideration of economic
aspects of sustainability.

The different focuses and measuring methods
used in LEED, SITES and LPS determine that
the items they measured are different. LEED was
first initiated in 1999 by the U.S. Green Building
Council (USGBC) to promote green buildingsthat
are environmentally friendly, complying with
the growing demand of reducing developments’
impact on the natural environment in 1990s. Later
on, it is realized that a building cannot be totally
green unless it is located in a green context, so
the USGBC developed LEED-ND to extend its
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evaluation to a building’s surrounding landscapes
(USGBC 2014).

SITES was created in 2006 by a collaborative
effort of the U.S. Botanic Garden, Lady Bird
Johnson Wildflower Center at University of Texas,
Austin, and American Society of Landscape
Architects. SITES highlights the importance of
healthy ecosystems, using the rating system to
promote landscape designs that are more resilient
and stable (SITES, 2014). USGBC has been
supporting the creation and development of SITES
for a long time, and therefore, LEED and SITES
share several similar credits in their rating systems
(SITES, 2014).

The scoringsystems used in LEED-ND
and SITES were developed based on previous
research and experts’ estimation. Since realizing
the importance of sustainable development
in 1970s, considerable attention has been paid
to promoting environmentally friendly design
practices and abundant research has been
conducted to clarify theenvironmental impacts
of a development. However, efforts dedicated
to analyzing users’ perspective on a development
are not as much, somewhat explaining why
social aspect is not covered in the rating systems.
Additionally, the scoring process of LEED-ND
and SITES are mostly based on prediction. It is
often more difficult for design experts to estimate
users’ perspective and economic performance
of developments due to a lack of professional
knowledge, skills and various social-economic
contexts. These reasons contribute to the result
that social and economic metrics are not included
in LEED-ND and SITES.

LPS was initiated in 2010 after LEED



and SITES, when the importance of users’
perspective and a development’s economic
development was increasingly aware of.
Sustainable developments normally cost more
than conventionaldevelopments; plus, some
conventional landscapes are more favored by
users (e.g., lawn vs wild grasses). Therefore, clients
and users sometimes do not prefer sustainable
developments. With that being realized, LAF
built LPS upon sustainability triad and requires
every project to be assessed in the three aspects
of sustainability, resulting in the environmental,
economic and social metrics being included in LPS.
Furthermore, LPS assesses a development after
it is constructed and occupied, making it possible
to evaluate its economic performance and obtain
users’ perspective. The factors above explain why
the items measured in LEED-ND, SITES and LPS
are different.

Despite their differences, LEED-ND,
SITES and LPS all attempt to evaluate landscapes’
sustainability. Therefore, it is valuable to study
the scoring categories of LEED-ND and SITES
to identify potential gaps existing in landscape
performance case study programs.

The results of comparing landscape
performance with LEED-ND and SITES indicate
that they share many similarities in environmental
benefits such as land preservation, soil
preservation/restoration, water conservation, flood
protection, habitat preservation/restoration, energy
conservation, carbon reduction/sequestration and
recycle and reuse of materials. Because LEED-ND
and SITES evaluate the context and life cycle of a
project, they include several metrics that landscape

performance does not (as highlighted in bold red

letters in Table 2 and Table 3). For example, both
LEED-ND and SITES have a smart location
category, which evaluates whether projects’ site
locations are close to existing transit systems/
development and reduce users’ dependence on
automobiles. This metric can be added to landscape
performanceand represented as “reduced average
autotrips by n%” or “reduced parking footprint
by n.” For another example, SITES has a metric,
“design for deconstruction and disassembly.”
This metric examines whether landscape projects
plan for recycling and salvage when theyneed to
be demolished at the end of their life cycle. It
can be added to LPS and reported as “reduced
waste by n Ibs.” or “reduced the demand for waste
transportation by n trucks, equals cost saving of $
n.” Table 4summarizes the LEED-ND and SITES
metrics that are not included in LPS and provides
examples of how to measure and report them.

It is also worth noting that there is a demand
for LEED, SITES and LPS to collaborate. LEED,
SITES and LPS all evaluate the effectiveness of
sustainable development and design strategies.
LEED-ND and SITES focus on prospective
predicting, while LPS focuses on backward
quantification. These two types of analysis
complement each other. LEED and SITES
document a project’s detailed information such
as baseline data and strategies applied, while,
one problem of the current CSI program is that
projects’ baseline information is not collected
systematically, limiting the before and after
comparison of a project. The documented data
in LEED and SITES can benefit landscape
performance quantification and better inform
future design. On the other hand, since LEED and
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SITES predict a project’s performance, the result
is not as accurate. LPS can help confirm the rating
systems and improve their accuracy for future
project certification.

Since landscape performance is derived
from building performance, we also referred to
building performance for metrics. Twill et al.
(2011) claimed that for green buildings, there are
ten potentially measureable ecosystem services;
these ecosystem services, together with the social
and economic benefits they provide, compose
building performance evaluation metrics (Figure 4).
Landscape performance can borrow some of these
building metrics. For example, worker productivity
could be added to landscape performance and
reported as “increased employee’s productivity
by n%” or “increased company’s annual revenue
income by $n.” Table 4 includes the building

evaluation metrics that can be added to LPS.

3.2 Evaluation of the Currently Used
Methods

LAF defines landscape performance as
“The measure of efficiency with which landscape
solutions fulfill their intended purpose and
contribute toward achieving sustainability.” (LAF,
2014)As Pedhazur and Schmelkin (1991) argued,
the quality of measurement often depends on
reliability and validity of the measuring methods.
Reliability, as they claimed, also known as internal
consistency reliability, repeatability and stability,
is used to determine whether a study result is
consistent and reproducible. Meanwhile, validity
is used to determine whether or to what extent
an instrument measures what it is intended to

measure; it can be further divided into three main



aspects: content validity, criterion validity and
construct validity (Pedhazur & Schmelkin, 1991).

3.2.1 Major Method Used in the CSI
Program

The CSI program is an effort to support
design and assessment of multifunctional
landscape. As every project of the CSI program is
unique and research teams typically work separately,
the documented landscape benefits and employed
quantification methods vary from team to team.
In our opinion, one drawback of the research
methods is that almost all measurements are one
time snapshots. Certainly, the cross-sectional
snapshots evidence performance benefits created
by sustainable landscape solutions. They also
facilitate comparative study between sustainable
and traditional developments. However, if our goal
is to accurately quantify landscape performance
benefits, the reliability and validity of many
methods are questionable.

Haines-Young (2000) argued that landscape
is a dynamic process rather than a state.
Therefore, snapshots could not demonstrate the
full spectrum of sustainability. Sustainability of
landscapes depends on their ability to continue to
provideecosystem services in the future and their
capacity to generate new types of benefits and
reduction of associated cost (Haines-Young, 2000).
If the benefit quantification methods can address
such ability and capacity of a landscape, we believe
that the landscape solutions are fulfilling their
purpose and contributing toward sustainability.
Next, we will discuss some widely reported metrics
and their quantification methods in detail.

3.2.2 Methods for Habitat Preservation /

Biodiversity Increase
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Out of the 39 landscape performance case
studies published by the 2011 CSI program, 23
reported “habitat preservation, creation and
restoration.” Animal and vegetation count is both
time and cost consuming. Thus, mostresearch
teams cited study results from others. For example,
Avalon Park and Preserve cited an Avalon Park and
Preserve survey and compared it with the baseline
Inventory of Natural Resources, Cheonggyecheon
Stream Restoration Project cited studies of Revkin
(2009) and Kim, Koh& Kwon (2009), and Old
Collier Golf Club cited study results of Audubon
International.

In terms of biodiversity, three projects
employedthe Plant Stewardship Index (PSI) to
compare biodiversity of the study sites before
and after construction (Avalon Park and Preserve,
Cusano Educational Education Center, and
Salvation Army Kroc Community Center).

Guaranteed by peer review, results of
published studies have good criterion validity.
However the reliability and content validity
arearguable. Landscapes change and develop
overtime; the cited studies were conducted before
landscape performance was documented; as
time goes by, biodiversity is very likely to change
together with landscape development and human
activities. For this reason, the cited studies cannot
fully represent the situation when the landscape
performance was conducted. In addition, content
validity is also debatable, because these previous
studies conducted by other people might not
address all aspects of biodiversity. For example,
among the 23 case studies that reported biodiversity
increases, most only have evidence for bird species

increases. It is possible that other species like small



mammals, fish, amphibians all decreased;therefore,
we cannot conclude that the landscape projects
increase the biodiversity of the site. As for the PSI
scale, it is an approved biodiversity measurement in
the Piedmont of Pennsylvania and New Jersey; so
its criterion validity and reliability are good.

Comparing the two methods, the strength of
citing other people’s research is that it saves time
and cost. The weakness is that the data were not
collected specifically for the purpose of landscape
performance quantification, which undermines its
content validity. The PSI scale is good for both
validity and reliability. However it is only valid in
particular areas and cannot be used broadly to
make a comparison between projects in different
regions.

3.2.3 Stormwater Management (Runoff,
Infiltration)

Various methods are employed to measure
stormwater management. For example, ASLA
Headquarters Green Roof used flow meters and
gauges to monitor water quality and quantity.
Marlibu Lumber Yard reported engineer’s design
parameter forbioretention, assumingit would
perform as designed. Port of Los Angeles
Wilmington Waterfront Park used the National
Tree Benefit Calculator to estimate stormwater
captured by trees. Some other projects such as
Daybreak and Kresge Foundation Headquarters
citedprevious research.

The method of using flow meters and rain
gauges to monitor stormwater quality and quantity
is solid in reliability and validity. It allows first hand
data to be collected specifically for the purpose
of landscape performance quantification. The

weakness of this method is that it could be costly

when project sites are large. Further, in order
to increase data’s generalizability and reliability,
research teams may need to collect data for a long
time, which could be time-consuming and labor-
intense. This method isapplicable for small sites
like a roof gardenwhosestudy boundary is clearly
defined and requires only a few measuring devices.

Using design parameters to predict landscape
performance is only acceptable as a substitutewhen
real world data could not be obtained. For example
it never rains since the project was constructed.
However this is not a real measurement. The
goal of CSI is to physically measure landscape
performance and compare it with designers’
intention. The prediction here does not achieve the
goal and is not recommended in any situation.

However, using LAF’s Benefit Toolkit
to assess landscape benefits is different. iTree
(formally National Tree Benefit Calculator) is a
widely used tool in the CSI program, especially for
calculating carbon sequestration. The toolispeer-
reviewed software developed by USDA Forest
Service and a number of cooperators. Its criterion
validity and reliability are guaranteed. However,it's
worth mentioning that the tool only provides a
generalestimation of tree performance rather than
scientifically accurate value. Therefore, results
might be different from true value, especially for
project sites outside the US. Despite that, it is
considered one of the best tools to measure tree
benefits.

3.2.4 Water Conservation

Water conservation is another benefit that
many projects documented (26 out of 39). Among
the 26 case studies that documented this benefit,

9reported reducing irrigation demand by planting
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native species or drought-tolerant species; 6
reported reducing water wasting by installing water-
conserving plumbing fixtures/low-flow irrigation d
to quantify this benefit isreading water meters. It is
reliable and valid.

However, literature indicates that native
species often cause user’s dissatisfaction. For
example, Davies et al. (2004) claimed that the
success of native species in urban areas largely
depends on people’s perception. For another
example, Nassauer (1993) discovered that people
prefer more traditional, orderly landscape. Most
CSI projects were built within five years,the long-
term benefits of native species depend on how well
people accept the “wild” landscape design. If they
do not appreciate it, it is possible that the landscape
will be changed back to a conventional design and
the benefit of water consumption will be lost.

Furthermore, although using reclaimed water
for irrigation saves potable water, its influence
on vegetation growth and people’s health and
satisfaction remain unclear. Long-term monitoring
is necessary to ensure the benefit of saving water.

3.2.5 Material & Waste

Although material reuse/recycle and waste
reduction is a benefit under environmental category,
its value is occasionally represented through
economic value by saving costs in construction.
For example, the Port of Los Angeles Wilmington
Waterfront Park reported that recycling cement
and asphalt avoided hauling costs by $97,500 as
estimated by a local hauling company, whereas,
Portage Lake Front and Riverwalk cited the LEED
document prepared by another company, indicating
that 75% of the waste was recycled. Although

both research teams demonstrated that materials



recycle and reuse was economical, they used a
more piecemeal approach, which is problematic in
content validity.

Port of Los Angeles Wilmington Waterfront
Park addressedcost saving in hauling deposit,
but overlooked the cost saving in construction
materials.Portage Lake Front and Riverwalk merely
paid attention to cost saving in materials, ignoring
cost saving in transportation. Additionally, both
case studies failed to acknowledge that materials
reuse and recycle might require extra labor and
techniques which could be costly. Furthermore,
reused and recycled materials might have less
durability and shorter lifespan. These missing
elements undermine the validity of measurement.

3.2.6 Economic Development

Economic development is challenging
to quantify due to difficulties in data collection
and variable selection. Many economic data are
collected at city, county, region, and national levels,
which makes it difficult to determine how much
economic growth can be attributed to a particular
landscape project. The Cheonggyecheoon Stream
Restoration Project compared the number of
increased business and number of increased
working people in the project area with the
downtown Seoul. Millennium Park used number of
increased residential units/occupancy and tourism
within a 6-year period to demonstrate business
growth.

Both methods involved comparison;
the Cheonggyecheoon Stream made a cross-
sectional comparison between project area and
the city downtown, while Millennium Park made
a longitudinal comparison of the area close to

the site over time. These comparisons factored
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out influence of other variables and increased
the reliability and validity of the methods. When
historical data of a project area are available, a
longitudinal comparison can be conducted to
demonstrate how local economy grows over time.
When economic data in several different regions
at a certain time are available, a cross-sectional
comparison can be conducted to observe how the
economy of a region where a landscape project is
locatedexceeds other regions.

3.2.7 Public Health and Safety

Similar to economic development, public
health and safety are also difficult to quantify.
The metrics that are currently used in CSI include

LIS

“resident / employee satisfaction,” “walkability,”
and “noise level.” Noise level reduction is normally
quantified through on-site measuring or experts
estimation. Similar to using flow meters and rain
gauges to monitor stormwater, the reliability and
validity of using devices to measure noise level on
site are good. Resident/employee satisfaction and
walkability are often measured through surveys
or interviews. Reliability and validity of surveys
and interviews usually depend on how surveys
and interviews are designed and conducted. Since
survey and interview questionnaires are often not
published, we do not discuss their reliability and
validity here.

This paper examines the currently used
landscape performance metrics by comparing them
with ecosystem services, building performance
evaluation metrics and those in the checklists of
LEED-ND and SITES. This paper also discusses
the reliability and validity of several widely used
methods in LPS.

Compared to other evaluation and rating



systems, landscape performance is the only one
whose framework addresses three aspects of
sustainability. LEED-ND assesses landscape
projects from large scale (context) to small scale
(building). SITES assesses landscapes throughout
their life cycle. The different perspectives of
these two rating systems can help improve the
comprehensiveness of the landscape performance
metrics. Furthermore, building performance
evaluation and post-occupancy evaluation are
more developed than landscape performance.
Theyinclude quite a few metrics that can be
borrowed to complement the currently used
landscape performance metrics. The metrics that
can be added to landscape performance include the
following:

(1) Enviornmental:

a. Smart location

b. Construction activity pollution prevention

c. Storm protection

d. Climate regulation

e. Wind reduction

f. Design for deconstruction and disassembly

g. Use certified wood

h. Use materials with reduced VOC

(2) Economic

a. Incentivies due to sustainable solutions

(3) Sacial

a. Human disease control

b. Light pollution reuction

c. Catastrophic wildfire

d. Worker productivity

e. Well-being

f. Comfort

g. Ecotourism

Landscape performance research is still new.

The experience in quantifying performance in
the environmental, economic and social aspects
is limited. Research teams often select metrics
and methods according to the availability of data
and researchers’ expertise to some extent. As
such, methods generally differ from project to
project, which makes it difficult to guarantee the
reliability and validity of methods and results. We
recommend developing standardized data collection
guidelines to reduce the dependence of methods
on data availability. Moreover, as the database of
the Landscape Performance Series expands, we
suggest developing standardized quantification
methods, which not only increasesthe reliability
and validity of results, but also makes comparative

study possible.
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