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IMPORTANCE-SATISFACTION
ANALYSIS OF CULTURAL
ECOSYSTEM SERVICES

OF MULTIFUNCTIONAL
LANDSCAPES DESIGNED FOR
STORMWATER MANAGEMENT
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ABSTRACT

The multi-functional landscapes for sustainable
stormwater management play a significant role
in providing various benefits on the environment,
aesthetics, education, economy, etc. through

the cultural ecosystem services, which have
been underestimated by both the professionals
and the public, due to the difficulty in their
interpretation and quantification. The Importance-
Satisfaction Analysis (ISA) makes it easier by
evaluating the cultural ecosystem services with
human'’s perception, and was tested with the
multi-functional landscapes for stormwater
management in this research. The results show
that aesthetic value, recreational / eco-tourism,
and sense of place are the most valued cultural
ecosystem services. Those cultural ecosystem
services with a gap between their perceived
importance and the public satisfaction with
their delivery are also identified. ISA can
discover the public’s perception and expectation
of the stormwater management landscapes,
which helps the decision-making about their
improvement a lot.
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1 Introduction

1.1 Multi-functional Landscapes and Integrated Urban Water
Management

Urban forests and green spaces have been recognized by
communities as important components of urban green
infrastructure, which should be carefully managed to provide
ecosystem services as public goods'". Designers and managers

of urban streetscapes and green spaces need to understand and
quantify the value of these services to deliver a “broader portfolio
of public goods”'". Ecosystem services (ESs) are “the benefits
people obtain from ecosystems” and recognized as provisioning,
supporting, regulating, and cultural services.”! Cultural ESs include
aesthetic value, spiritual / religious value, knowledge systems,
education, inspiration, social relations, cultural heritage, recreation,
and eco-tourism, which are less studied, in contrast to other
ESsP. Nevertheless, cultural ESs are also important benefits of
green infrastructure, and their values extend beyond beautification
and recreation opportunities'".

Urban designed landscapes can provide multiple functions and
to deliver many ESs, which are important to integrated urban water
management. For example, these landscapes can harvest, treat,
and store stormwater for other uses, enhancing water security and
supplying urban water sources. In designing and establishing multi-
functional landscapes for stormwater management, it is important
to understand the values of their ESs, especially cultural ESs, to
inform decision-making. Well-informed policies can balance societal
benefits with individual incentives and reconcile conflicting needs
by weighing up different urban water management interests'*""!"’,

In addition, evaluation of ESs can reveal the impacts of local
ecosystem change on human well-beings to argue for investment for
more sustainable development'®. For example, in Adelaide, South
Australia, a recent research proved that cultural ESs associated with
stormwater harvesting were equivalent in value to three times the
cost of operating and maintaining the system, as a total estimate

of unit benefits of six cultural ESs of stormwater harvesting
presented. It demonstrated the importance of the values to optimize
long-term water management investment decisions.”®’ Conversely,
understanding the value of cultural ESs can better inform the design
of multi-functional landscapes, thereby enhancing the management
of those landscapes and for a greater return on investment. In
particular, by creating more multi-functional landscapes, an
integrated urban stormwater management can obtain larger

economic and ecological benefits.

1.2 Ecosystem Services (ESs) of Multifunctional Landscapes
The concept of ES was originally developed around the
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benefits that humans derived from natural ecosystems,
which do not require human interventions to establish or
maintain"”. The concept has extended towards the benefits

MO where “some

from modified or constructed ecosystems
significant contribution from ecological structures and / or
functions, however, indirectly” occurs”. An urban ecosystem is
defined as an area of “built infrastructure (that) covers a large
proportion of the land surface, or... in which people live at high
densities.... They include all ‘green and blue spaces’ within
urban areas, including parks, cemeteries, yards and gardens,
allotments, forests, wetlands, rivers, lakes and ponds,” as well

as the surrounding hinterlands affected or managed by the city
and private gardens within it'""l, A city can be considered as a
single ecosystem or a composite of multiple ecosystems, given

its heterogeneity, complexity, and fragmentation'"". Per Bolund
and Sven Hunhammer distinguished seven urban ecosystems
that are considered “natural, even if almost all areas in cities are
manipulated and managed by man,” namely lakes / seas, street
trees, lawns / parks, urban forests, cultivated land, wetlands, and
streams.*! In doing so, they acknowledged that, strictly speaking,

=1 FAZERE FHWSUDSRNEEREERHREEhagmal e
Table 1: WSUD landscape elements at different scales and their management activities in urban water management"*"*

WSUDZRHM=MRE

BIEED WSUD elements at three scales
Management
activity R SREEBIR Xz
Lot Neighbourhood Region
o 7KUY Rainwater tank o MKfETFA Stormwater storage/pond o M/KfETF Stormwater storage pond
FLIFK

o ti7KELL Grey water reuse
Water conservation

o #h RAKAMAFIRFFIZHE Aquifer storage and recovery
o T/KEEH Sewer mining
e MiSHBEALIER S Dual reticulation of treated wastewater

o # TRKAMAFIRFFIZHE Aquifer storage and recover
* Wi/ B4R BiDual reticulation of treated wastewater

KSR E o 2T Buffer strip

o 2 Buffer strip

o Z2ME5 Buffer strip

Stormwater capture

o B /KRt Onsite retention basin
o FEBEN Green roof

o ZZMiE Retarding basin
o i Pond

o ZZMEH Retarding basin
 #7A Lake

o 2T Buffer strip
o s /KT ERith Onsite retention basin
» £7LiE/KERE Porous pavement

o s Buffer strip
o HX KT B EH Precinct-wide infiltration basin
o ZFLBEKEEE Porous pavement

o Z2ME5 Buffer strip
o SRS ZEMX Riparian buffer
e BSATIE Natural channel

HEKER o BT JET Sand filter o BT R Sand filter o I M #HL Urban forest
YVater quality o £YIHEBFIAEN Bioretention planter o £ R EM Bioretention swale * ATiEH# Constructed wetland
improvement o {TIEH Street tree o 4B A M Bioretention basin
o M7/KFEE Rain garden o B EM Vegetated swale
o {HILLENH Vegetated buffer o Ak Urban forest
o XEBET Green roof o ATiEHh Constructed wetland
* W7KTEE Rain garden o LSRR EH Bioretention swale o SESTZE X Riparian buffer
o W /HEER Vegetated buffer / swale o £4iH B &AM Bioretention basin o I M #HL Urban forest
ERRARR ‘ ?%ﬁ%ﬂl%ﬂﬁ Bioretention planter * ﬁ%&ﬂlﬁiﬁiﬁ Vegetated swale o ATig#h Constructed wetland
Heat island effect * ZX@BETN Green roof o A Urban forest
mitigation o EHFL Vegetated facade o ATiEH Constructed wetland

o {TiEH Street tree
o AL Urban forest
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Table 2: Typologies of WSUD landscape elements categorized by structure and composition'™

WSUDSMEZR
WSUD element

S HEERS

Structure and composition

ENE

Building structure

TR

Hard surface

p—E AR

Grassy structure

SIEREIRHE

Vegetated structure

FHBLKIE

Open water area

LtkaEsia)

Linear waterway

iTith
Wetland

KISt

V4

Rainwater tank

FZE
Buffer strip

FUKH BRI

Retention basin

FUKfEFRE

Stormwater storage

FREBRER

Green roof

HKEIR (4bEEit ) v

Greywater reuse (treatment pond)

BFLEKEE

Porous pavement

s
Sand filter

LY

Bioretention planter

fTiER
Street tree

3.
=

Swale

EHRL
Vegetated facade

oty

Urban forest

B#AKE

Natural channel

ithiERiA
Pond / lake
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street trees are too small to be an ecosystem but elements of a
larger system. They also cautioned that their typology is crude
and should be adapted to each case.

Multi-functional landscapes contain various elements
designed to function in urban water management. Such water
sensitive urban design (WSUD) landscape elements vary in scale
from street trees and rain gardens at a lot scale to urban forests
and constructed wetlands at a regional scale (Table 1). These
elements can be considered as components of a broader urban
ecosystem or urban ecosystems themselves. In this paper, we
consider them as the latter.

In Table 2, various WSUD landscape elements that might
occur in a multi-functional landscape are grouped, based on
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their typologies considering structure and composition''!. In this

research, grassy structures, vegetated structures, open water areas,
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linear waterways and wetlands are all urban ecosystems providing

cultural ESs, which are evaluated and discussed later. Elements with
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alternative structure and/or composition appear in diverse types, e.g.
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buffer strips can be grassy or vegetated. WSUD landscape elements
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not visible in the landscape are excluded, e.g. aquifer storage and
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recovery, sewer mining, and dual reticulation of treated wastewater.
ESs delivered by WSUD landscape elements can be classified
according to several different frameworks™"'*"""|, We adopted
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the recommendation of Ménica Hernandez-Morcillo et a

5y 3 M i3 5 PR WA R R AR 28 R G S5 PO B — I3
R I TAE . SCARIIRSS AN 9 B = A I B iR s, B
B EALE, R B W B s I e m] AR B s T A2
TEAR AT % WL B S8 | A
SFHEPRE, TR

25
S

which was argued to provide a most comprehensive overview
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1.2
and categorization of ESs, and the framework proposed by the
W7 AT =

Millenium Ecosystem Assessment (MA)", by which Rudolf

de Groot et al. clarified the ESs definition and distinguished
T IRS Y, BRI, TR-A
R,

@

biophysical structures or processes from their functions in providing
services with an associated value: these biophysical structures or
processes directly deliver supporting ecosystem services. Through
F 28 Hl A DX 5 1) 235 A G % 3

PR SS MARHEA FRPAR ! 020 Rl - 2 SR A S R GRS 5T

ST IR FR , JEHRAE T BT . SCAist 7 Fidg i 8oy
SRS R G S5 BEATPEAR™, ARIBUBRAN 1 7 TR G AR T B | AR A

PIYN

ok 5
BN

their functions, they deliver provisioning, regulating, and cultural
Mo AR A B SR IBT 7 BI85 AH OG5 5508 A0 I Xt
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ESs'"®. However, the actual services delivered by an urban ecosystem
o
» HCROMRESE T S S R GRS P

22
urban green spaces™.

are site- and context-specific”! and culturally grounded. They are
cultural ES of restorativeness, which can be an important service of

the products of place”". Absent from this MA framework is the
This site- and context-specificity contributes to the difficulty in
9 R quantifying cultural ESs. Their assessment is subjective, involves
WL H AR A7 1R Ay S ER A5 L 7 AR T
1.3 HEME— R

normative values, and results from persons’ experience of a

ST IAES R GRS 19 LR Ak, AFTOR N 2k — i R
SMTE (ISA) XHGHEATH T RNA IR, , LIt 2 miscie

EER

G N

place.”™ ) In contrast, supporting, provisioning, and regulating

ESs can be generally quantified with objective biophysical,
BEERAFAD . A7 2B A 1 NS R R it 5 BN . ik

spatial or economic measures.”* Although most cultural ESs
defy economic valuation, many agree that valuation must be
determined by stakeholders of local communities to reflect local

cultural context and interests."""*'* Harald Schaich et al.
suggested linking ES research to cultural landscape research,
especially on landscape aesthetics, cultural heritage, and sense of

place.”! Consistent with this suggestion, previous assessments of
cultural ESs relied on stakeholders’ landscape perceptions

methods involving scenario planning, modeling, and mapping

27 with
through interviews, narratives and discourse analysis”*!*”, Scale
of context is also important to the valuation process. It matters

how people live and experience the biophysical and cultural

environments of multi-functional landscapes.”” Thus, the landscape
scale seems appropriate at which to assess cultural ESs.

1.3 Importance-Satisfaction Analysis

Given the above attributes of cultural ESs, this research
056

assesses them with an importance-satisfaction analysis (ISA) based
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High priorities met: maintain delivery of
these cultural ecosystem services

High priorities not met: focus design
efforts on delivery of these cultural
ecosystem services
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Low priorities met: efforts on these
cultural ecosystem services can shift to
other improvement

Low priorities not met: design efforts not
required
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on perceptions affected by social and cultural backgrounds,
attitudes, beliefs, behaviors, and lifestyles.”” Adapted from
importance-performance analysis used to manage the quality

of experience at tourism destinations”'**!

, iImportance-
satisfaction analysis assesses the perceived importance of an
attribute of a place and the satisfaction extent of the attribute
when people are experiencing the place. The results reveal

the gap between importance and satisfaction. The values of
importance and satisfaction of landscape attributes can be
examined by being plotted and distributed into four zones

to identify management priorities (Fig. 1). The use of ISA in
tourism management is to inform the management agency if it
is achieving its desired experiential outcomes while optimally
using limited resources. Such information can also help the
design, implementation, and management of multi-functional
landscapes in sustainable stormwater management for a greater
cultural ESs.

In this research, cultural ESs of five types of WSUD
landscape elements in multi-functional landscapes in sustainable
stormwater management were assessed. We provided
representative photographic images of each type in a survey
and collected feedback of the perceived importance of, and
satisfaction with, their cultural ESs. We did not explicitly
consider cultural ESs at different stages in the urban water cycle
as what John M. Kandulu et al. did®. The data was analyzed to
identify the value and management priorities for each cultural
ES, which can then guide the design and management of multi-
functional landscapes in similar contexts. In this way, limited
resources can be best utilized to yield maximum outcomes
consistent with community values. Used for community
engagement and communication, ISA can also identify those
cultural ESs less valued by the community but highly valued
by natural resource managers, water authorities, and designers
involved in the implementation of WSUD to create effective

multi-functional landscapes in stormwater management.

2 Methods

2.1 Survey Design

Data was collected through a survey including mainly three
sections: In the first section, eight cultural ESs of landscapes
were introduced (Table 3), and the forms and functions for
stormwater management of the 5 types of WSUD landscape
elements were described. The second section asked respondents
to rank the eight cultural ESs of the WSUD landscape elements
based on their understanding of the first section. The third
section collected the respondents’ perception data of the cultural
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Table 3: Cultural ecosystem services™ interpreted in relation to landscape

XUESRRIRS

Cultural ecosystem service

SURB/ TN

Interpretation in relation to landscape

1B/ REMNE

SUATR SN RER S EMEEER NI RS

Spiritual / religious value

Spiritual, religious, and other sacred-related non-material benefits associated with

landscapes
HEURE BENHSAMKEANRZR

Aesthetic value Visual pleasure and joy

RIS IR

Recreation / eco-tourism

SN IFHRRERN S/ ESRIENREN

Landscape capacity to support recreational activities and / or eco-tourism

ZARBRE

Inspiration for art

SRR ZRFKIENEN

Landscape capacity to inspire artistic expression

S PiTRE BRI MEPTRER . WE—ZTAEE

Sense of place Resonance aroused by a certain landscape

Sfkig SUREENXUS FHENE

Cultural heritage Cultural and historic values of landscapes

HH/R BRX

Education / knowledge

soon

SUAANERBOBENSSHR, SE5LMERU. THENAEE. ARSURKEH

Landscape capacity to provide educational opportunities and to increase knowledge in
regard to multifunctional landscapes, stormwater management, natural systems, and

HEXR SUH . RHNMBITHZ BT

Social relations

Landscape capacity to support and foster social interactions

i*:
AEE “EEMRS WERERERSH—TTE.
Notes:

Restorativeness is included as an aspect of the aesthetic ecosystem service.
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ESs of the 5 types of WSUD landscape elements. For each type,
four photos of landscapes with a WSUD landscape element
(Fig. 2) were presented to respondents to rate the importance to

3 of the delivery of each cultural ES by that type of

themselves
landscape element on a modified Likert scale from 1 to § (1: not
important; 2: slightly important; 3: moderately important; 4:
important; 5: very important) and his / her satisfaction with the
delivery of each cultural ES (1: very dissatisfied; 2: dissatisfied;
3: neither satisfied nor dissatisfied; 4: satisfied; 5: very satisfied).
If a landscape element did not deliver a particular cultural ES,
the relevant rating was skipped. The survey was conducted with
both Chinese and English questionnaires, which were trailed
firstly by ten respondents from China and Australia, respectively.
Based on the feedback, the questionnaire was then revised to
remove any ambiguities.

2.2 Data Collection

The formal survey was conducted in Chengdu, China, and
Melbourne, Australia, from April to late June 2015. Both the
cities have successfully implemented green infrastructure, where

VOLUME 7/ISSUE 1/ FEBRUARY 2019



SWMRITE /183

BB AR
Grassy structure

ZHEWENR I

Vegetated structure

FRg B K

Open water area

LMok EsiE

Linear waterway
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Wetland
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the citizens would have a better understanding of the WSUD
landscape elements. The respondents were university students so
that the questionnaire could be understood more properly. 362
questionnaires were distributed and 266 were returned with 235
completed, 135 from Chengdu and 100 from Melbourne.

2.3 Data Processing

Data was processed by SPSS 22 statistical software (IBM,
USA). First, mean values of importance and satisfaction
(expressed as performance) with each cultural ES for each
WSUD landscape element were calculated, as well as the gap
between the two. Mean values of aggregated data for each type
were also calculated. Secondly, the mean values of each cultural
ES for each WSUD landscape element were then plotted onto

Meredith Frances Dobbie, 3KESI
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a two-dimensional coordinate to reveal management priorities.
Finally, mean values of importance and satisfaction were plotted
as spider charts, respectively, for comparison of each cultural ES
across the five WSUD landscape elements.

3 Results and Analyses

The overall response rate is 73.5%. Respondents were in 28
majors, among whom 144 are male (61.3%) and 91 are female
(38.7%). Reliability analysis demonstrated the data reliablity
with a Cronbach’s [1 value of 0.905, showing that the variation
among these individual attributes has no significant impact on

the evaluation results.

3.1 Analyses on Rankings of Mean Values of Importance and
Stisfaction

Table 4 demonstrates the mean values of perceived
importance and satisfaction, and the gap between them. The
results of mean importance of each cultural ES across the five
types of WSUD landscape elements are (from the highest to the
lowest) aesthetic value > recreation / eco-tourism > sense of
place > education / knowledge > social relations > inspiration
for art > cultural heritage > spiritual / religious value. This is
generally consistent with the results of the eight cultural ESs
ranked on the respondents’ understanding of WSUD landscape
elements, namely education / knowledge > recreation / eco-
tourism>aesthetic value > sense of place > social relations >
cultural heritage > spiritual / religious value > inspiration for
art, from the highest to the lowest. In contrast, the results of
mean satisfaction with the delivery of these cultural ESs is sense
of place > aesthetic value > recreation / eco-tourism > social
relations > inspiration for art > education / knowledge > cultural
heritage > spiritual / religious value, from the highest to the lowest,
showing a significant gap from that of perceived importance.
The total mean satisfaction is 3.13, which is less than mean
importance, 3.52.

3.2 Analyses on Importance-Satisfaction Charts

The mean values of importance and satisfaction are plotted into
four-quadrant charts. The four quadrants in each chart indicate
different priorities.”* The cultural ES values falling into the lower
or left quadrants indicate a lower value of perceived importance
or satisfaction. These charts reveal the perception evaluation and
management priorities of the cultural ESs for each WSUD landscape
element type (Fig. 3). Less attention of design or management could
be paid to particular WSUD landscape element if the perceived
importance and satisfaction with its delivery are both relatively low.
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Table 4-1: Mean importance (l) of each cultural ES of each WSUD landscape element type

B/ RBME EEJVN- RN/ LSRN ZRRERBR AR peis: g HAE/FIR HRXFR 3 Sid
Spiritual/religious Aesthetic value Recreation/ Inspiration for art Sense of place Cultural heritage Education/ Social All
value ecotourism knowledge relations
— 5 A
T a 3.12 3.91 3.87 3.19 3.69 3.34 3.66 3.61 3.55
Grassy structure
130
SEHDILIE 3.07 3.93 3.64 3.33 3.66 3.24 3.47 3.43 3.47
Vegetated structure
ke
AREKY 3.44 4.16 4.21 3.79 3.79 3.54 3.53 3.56 3.75
Open water area
S Sk ES
) BRER 2.88 3.80 3.63 3.14 3.47 3.15 3.34 3.24 3.33
Linear waterway
pi:
i 3.12 3.75 3.88 3.39 3.70 3.31 3.63 3.28 3.51
Wetlands
3 KA
EHEREA 3.13 3.91 3.85 3.37 3.66 3.32 3.53 3.42 /
All types
SEEMTIYME. 352
The aggregated mean value of importance of all cultural ESs of all WSUD element types: 3.52
F4-2: BHMWSUDENERSHESRARSHHEEIE (S)
Table 4-2: Mean satisfaction (S) of each cultural ES of each WSUD landscape element type
B/ RBMNE HEME RN/ TSR ZRREER AR AL HE/FR HEXR Ea- i EESid
Spiritual/religious Aesthetic value Recreation/ Inspiration for art Sense of place Cultural heritage Education/ Social All
value ecotourism knowledge relations
R
R—RHTE 3.01 3.29 3.30 2.91 3.27 2.96 3.00 3.20 3.12
Grassy structure
o S0
SRR 3.00 3.36 3.21 3.06 3.24 3.00 3.03 3.16 3.13
Vegetated structure
B 7K 35,
JTHELE 3.14 3.57 3.55 3.31 3.32 3.04 3.07 3.25 3.28
Open water area
LMK S
) AHAEE 2.81 3.80 3.63 3.14 3.47 3.15 3.34 3.24 3.33
Linear waterway
pi:
i 2.98 3.25 3.34 3.04 3.32 3.10 3.12 3.18 3.17
Wetlands
£ K )
ERERXL 2.99 3.27 3.26 3.05 3.28 3.01 3.04 3.16 /
All types

BBRETYE: 352

The aggregated mean value of satisfaction of all cultural ESs of all WSUD landscape element types: 3.13
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Table 5: Cultural ESs of each WSUD element type in the two higher importance quardants of the importance-satisfaction plots

showing their locations in the two satisfaction quardants

WSUDSMEZR
WSUD element

UFRERMRIRANXCESRRARS

Cultural ESs in the two higher importance quardants

UFEHEESX
In the higher satisfaction quardants

UFEFREESX

In the lower satisfaction quardants

B—Eih R

Grassy structure

BIAIR

Education / knowledge

HERE. RR/ESHRE. S HRXR
Aesthetic value, recreation / eco-tourism, sense of place,
social relations

ZAEWEIR

Vegetated structure

/ HRMEBL. FPRR . IRR/ S

Aesthetic value, sense of place, recreation / eco-tourism

FHEIK I

Open water area

BERE. KR/ ESHRE. ZRRBBR. ST
/ Aesthetic value, recreation / eco-tourism, inspiration for
art, sense of place

Mk =E

Linear waterway

BERME. R/ SR

Aesthetic value, recreation / eco-tourism

SRR BE/FIR

Sense of place, education / knowledge

piza:i)
Wetland

BIAIR

Education / knowledge

HRMEBL. IR/, ARTR

Aesthetic value, recreation / eco-tourism, sense of place
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The charts further interpret the gaps between importance
and satisfaction of each cultural ES, which help inform design
and management strategies of multi-functional landscapes to
optimize delivery of cultural ESs. The cultural ESs plotted in
the upper quadrants are identified with a higher priority for
their greater perceived importance. The cultural ESs of each
element type in these two quadrants are listed in Table 5
accompanying with their evaluated satisfaction values. For
vegetated structures and open water areas, the cultural ESs in
the upper importance quadrants all lie in the upper satisfaction
quadrant, demonstrating that the public are satisfied with
the delivery of these cultural ESs by the two types of WSUD
landscape elements. Grassy structures, linear waterways, and
wetlands have highly valued cultural ESs yet failing to satisfy
the respondents. For linear waterways, delivery of aesthetic
value and recreation / eco-tourism is unsatisfactory, as the
delivery of education / knowledge for grassy structures and
wetlands. Specific improvements of design and management
strategies are needed for these WSUD elements to enhance
their delivery of cultural ESs.

4 Discussion

4.1 Public Perception of Cultural ESs for Decision-Making

Using ISA for assessing cultural ESs, landscape architects,
planners, and land and water managers can readily determine
the public’s ranking of importance of, and satisfaction
with, various cultural ESs for WSUD elements in different
contexts. They can then design and manage the desired
WSUD landscapes elements to enhance the delivery of
cultural ESs. Importance and satisfaction might vary among
communities; ISA analysis can also be used to reveal such
varieties, as well as the cultural ESs considered important by
the community may be neglected by designers or managers
due to technical reasons or aesthetic difference. In the
future, professionals are asked to close such gaps with more
comprehensive considerations.

Spider charts are used to visualize the difference in
perceived importance (Fig. 4) and satisfaction (Fig. 5) for
each cultural ES of each WSUD landscape element type by
showing the variety of the value of each cultural ES amongst
different element types. As mentioned above, the function
of a particular multi-functional landscape and its context
together determine the cultural ESs it delivers. Understanding
the public’s preference on cultural ESs is important to guide
decision-making in designing and managing multi-functional
landscapes.
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Spiritual / religious value
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HEXER
Social relation

B4R

Education / knowledge

Rl T
Cultural heritage

HFTR

Sense of place
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HEME

Aesthetic value

KRR/ 7SR

</ Recreation / eco-tourism

Inspiration for art

As Figure 4 shows, aesthetic value, recreation / eco-
tourism, sense of place, and education / knowledge are the
four most-valued cultural ESs of all the WSUD landscape
elements. Scholars revealed six dimensions of public perception
on nature: experience, scientific understanding, emotional
connection, utilitarian perspective, connection with nature,
and superiority over nature'!, from the most significant to the
least significant. The ranking in Figure 4 can be interpreted
with these six dimensions. Given the importance of aesthetic
and recreation values, this interpretation suggests that the
dominant way of perceiving WSUD landscape types, and thus
multi-functional landscapes, is experiential. Besides, due to
the variety of importance and satisfaction of each cultural
ES among WSUD element types, public preference needs to
be combined into the design of multi-functional landscape,
and should be given to those types with more highly valued
cultural ESs. Using the spider charts, designers and managers
can choose the type of multi-functional landscape by not
only sustainable stormwater management targets but also the
importance of each cultural ES, dependent upon location and

functional requirements.
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Figure 5 shows the variation of the mean values of
satisfaction with cultural ESs for each WSUD element
type. A comparison between Figure 4 and 5 identifies the
performance of each cultural ES for each WUSD landscape
element. For example, in terms of the service of social
relations, grassy structure enjoys the highest perceived
importance but with a moderate satisfaction. Because the
perceived importance indicates the public’s expectation, an
improvement in the delivery of the service of social relations
of grassy structure in multi-functional landscape design
should be considered.

4.2 Differences of Delivery of Cultural ESs among WSUD
Landscape Elements

Size and scale of WSUD elements are important
determinants in the delivery of cultural ESs of multi-
functional landscapes and the public’s perception. These can
vary within a WSUD landscape type. For example, grassy
structures can take forms of a buffer strip, retention basin,
green roof, sand filter, bioretention planter or swale!"”!. By
providing varied situational contexts", different human-
nature interactions would occur, which are perceived as
related cultural ESs. For example, human’s interaction
with a small grassy planter might be simply visual and for
passive recreation, delivering an aesthetic service; in a large
retention area, active recreational activities are allowed and
people are provided with an opportunity of nature education
and spaces for social connections, in addition to aesthetic
services. ISA also can be employed to examine the cultural
ESs of WSUD landscape elements at multiple scales.

4.3 Practicability of ISA Method

Cultural ESs are intangible and difficult to assess""”).
This research proposed an ISA approach relating cultural
ESs to a certain landscape type, making an assessment
possible. A questionnaire combined with photos and
Likert scales proved useful to identify the importance and
satisfaction clearly and accurately. As a common method
in socio-cultural studies, questionnaire, in this research, is
strengthened by “combining deliberative methods... to allow
people to deliberate throughout the valuation exercise, for
instance by providing them with additional information.”""
The questionnaire purposefully included an introduction
to the concepts of WSUD landscapes elements and cultural
ESs, photos of different multifunctional landscape
types, and the assessment of perceived importance

and satisfaction. This approach can help generate
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more useful information to inform designers’ and managers’
decision-making process. For this method, the graphical
quality of the photos of multi-functional landscapes is very
important. We used the most representative pictures of each
landscape type with a normal viewpoint.

Nevertheless, there are some methodological limitations to
this research: the photos of WSUD landscapes were chosen from
the professional perspective and might be difficult for some
respondents to understand. So they might fill in the questionnaire
partly based on their guess about the WSUD landscape elements,
affecting the accuracy of results. In the future, as the concept
of sustainable urban water management is increasingly popular
across the world, the public may have a better understanding of

WSUD, which can help to overcome this limitation.

5 Conclusion

In this research, the ISA method, adapted from the IPA
developed for improving tourism design and management, was
adopted to assess cultural ESs of multi-functional landscapes
for sustainable stormwater management. The method allows
otherwise intangible cultural ESs to be understood and evaluated,
contributing useful information to decision-makings of design and
management. Multi-functional landscapes with different WSUD
elements deliver various cultural ESs. However, aesthetic value,
recreational / eco-tourism, and sense of place are the most valued
services across all WSUD landscape element types, in terms of
both importance and satisfaction. ISA also reveals those cultural
ESs with a gap between their perceived importance and the public
satisfaction on their delivery in the landscape. In such instances,
unrealized expectations are usefully revealed.

Thus, by using ISA, designers and managers can ensure
that multi-functional landscapes deliver those cultural ESs
highly valued by the public. Natural resources managers, water
authorities or others involved in the implementation of WSUD can
also promote cultural ESs of multi-functional landscapes that they
consider important but not yet valued by the public.

The field of cultural ESs research is growing, and assessment
methods are an important part to that growth. The ISA method
can be used for improving design of multi-functional landscapes
for sustainable stormwater management and exploring strategies
to improve the delivery of cultural ESs of other landscapes in the
future. LAF
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