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ABSTRACT

The Ecosystem Services Partnership (ESP) Conference is
one of the highest-level global academic conferences on
ecosystem service (ES) research. Focusing on the research
and practice of ES worldwide, ESP Conference offers

an important way to grasp the cutting-edge knowledge
for scholars and professionals. Currently, ES evaluation
indicators and evaluation methods have been integrated
into the research and practice of landscape planning

and design. This paper sorted out the break-out session
themes at the 10th ESP Conference related to landscape
planning and summarized the research presented in each
session. It analyzed and summarized the research and
practice hot spots from 3 perspectives: multiple landscape
types, the application of ES in planning and management,
and ES mapping and modeling. Finally, the paper offers
insights on future interests of the application of ES
research into landscape planning, including 1) exploring
ES evaluation for multiple landscape types; 2] exploring
the theoretical and practical frameworks for integrating
ES Science into landscape planning; and 3] exploring
integrated ES modeling and mapping tools for landscape
planning and management.
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1 Introduction

Ecosystem Services (ES) is the key intermediating concept between urban
residents” well-beings and the natural / ecological processes of habitat patches'".
The associated research in China originates from the fields of Ecology"

[3][4

and Geography”* and sees an increase in Urban Planning"', Landscape

Architecture!® 1%

, and other disciplines in recent years. Many scholars have
integrated ES evaluation indicators and methods into the theoretical and practice
exploration in landscape planning and design. Landscape planning refers to the
process of coordinating the human-nature relationship through the understanding
of natural evolution and socio-economic and cultural activities of the human
society. Specifically, the discipline is about the appropriate organization of

spatial functions and the best arrangement of land uses'""; it covers national land
planning, urban and rural construction planning, ecological protection planning,
and engineering design of human settlement construction''”. Landscape planning
can impact the types, distribution, and production process of ES by altering the
structure and function of landscape patterns, land use, and land-cover typologies'’.
ES research methods offer an efficient tool to address spatial planning issues by
matching with and mapping the data of ES structure and function, demand and
supply onto physical environments to meet the needs of various stakeholders

and to develop easily-understood evaluation outcomes'"”. Existing studies focus

on the relationship between landscape planning and ES and explore how ES
research methods can be applied in landscape planning®""""" However, there

are few research from the field of landscape planning systematically reviewing the
ES research interests widely discussed at academic conferences. Focusing on the
Ecosystem Services Partnership World Conference (hereafter ESP Conference), one
of the world’s highest-level academic conferences on ES, this paper, though might be

deficient in timeliness, reviews and sorts out the cutting-edge ES research interests

that will be beneficial for the research and practice of landscape planning.

2 ESP Conference to Promote the Research and Practice of ES Globally

The ESP Conference has held 10 conferences since 2008 (Table 1). By
encouraging reflection on ES concepts and by presenting cutting-edge research
methods and solutions, ESP Conference is committed to the integration of research
and application, and to facilitate the development of ecosystem protection and
sustainability in dimensions of scientific study, policy making, and practice (Fig. 1).

With the theme being “10 years advancing ES science, policy, and practice
for a sustainable future,” the 10th ESP Conference focused on the interests of nature
protection, landscape restoration, and sustainable ecosystem management. The
conference gathered more than 750 attendees from 65 countries and regions. Although
existing ES research outcomes are fruitful, it is still challenging to apply these
research results into the current policy making and local practice around the

world.
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Table 1: Themes of ESP Conferences

RIUER KIWERR e KINEFES KWER KT
Year Theme Host city Year Theme Host city

R ES: XIMBMHBATRERFTEMBARICIA? EEHER EVNGE EStMETEE NERATEESR
The 1st ESP Conference ES: Solution for problems or a problem that Kiel, Germany The 6th ESP Conference Making ES count! Bali, Indonesia
(2008) needs solution? (2013)
-y ESE BAFFD Bt RANHEFZNBTT7E SHTARINEE
The 2nd ESP Conference Modeling ES Lecce, Italy The 7th ESP Conference Local action for the common good San José, Costa
(2009) (2014) Rica
¥=/F FFRFAARRRTESHRTTF EEER VAN AT BER. AKEEEMES BT R E

The 3rd ESP Conference
(2010)

Solutions for sustaining natural capital and ES

Kiel, Germany

The 8th ESP Conference
(2015)

ES for nature, people, and prosperity

Stellenbosch,
South Africa

EE
The 4th ESP Conference
(2011)

ES: MEMREXNEMME
ES: Integrating science and practice

HERHTR
Wageningen,
the Netherlands

AR
The 5th ESP Conference
(2012)

ESEHCRISKIG . Rh& AR T HEE M AR
R BE5%85

ES come of age: Linking science, policy, and
participation for sustainable human well-being

EERRFE
Portland, USA

ENIE
The 9th ESP Conference
(2017)

IE3RES, RFEESXMRER: EHETERN
BRITREEASENNHER

ES for eco-civilization: Restoring connections
between people and landscapes through
nature-based solutions

R ERY
Shenzhen, China

E+IE
The 10th ESP Conference
(2019)

ESRIZHR. BURSSBRAMBELSN+E: W
DEIEST=&/ 33

10 years advancing ES science, policy, and
practice for a sustainable future

EENEE
Hannover,
Germany
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NOTE
Please visit the official website of EPS Conference for more information about the conference themes.

3 Research Hotspots Related to Landscape Planning

The 10th ESP Conference consisted of biome working group sessions, thematic

working group sessions, general sessions, and sectoral working group sessions,

inviting 7 keynote speakers, organizing 51 break-out sessions and nearly 600

lectures, and presenting 160 posters. This paper selects 17 session topics related to

landscape planning according to the official conference manual (Tables 2 ~ 4), and

2019
2020

object, 2) planning type, and 3) modeling and mapping method.

— 0 E¥H, BRE, I

3.1 ES Research Among Multiple Landscape Types

reviews the literature abstracts, reports, and other documents under each topic,

and then sorts out the topics into 3 categories respectively focusing on 1) research

ES research involves multiple landscape types such as urban landscape, ocean,

river, wetland, forest, alpine area, and polar regions. In this paper, the research

hotspots, difficulties, and practice applications on representative research objects,

including urban landscapes, river, lake, and wetland landscapes, and forest

landscapes are expanded in this paper (Table 2).

3.1.1 Urban Landscapes

ES-related research has witnessed
an increase in number since 2008

By the year 2020, urban population has accounted for 56.2% of the total

global population®. As one of the most important terrestrial habitat types for

VOLUME 9/ISSUE 1/ FEBRUARY 2021



*2: SEUSMPESHREXDAFER

Table 2: Break-out session topics related to ES research among multiple landscape types

#*3: ESTHESMMLISEETHNAEXSSBHER
Table 3: Break-out session topics related to the application of ES research in
landscape planning and management types

RIS WREH HEBRE Jo——
Research Research Break-out ﬁuﬁi_u b alESid] DEGRS
- . - Break-out session theme ) PEIFER
object topic session code Planning Break-out i
. Break-out session theme
type session code
HWES HWHESENZS . ERMRITHEN TR RO
Urban ES B10a Urban ES: Dynamics, complexities, and challenges for WHMEESAE: EERFHRSRRNNHR
sustainable urban development B9-T18¢ Governance of ES for rural-urban synergies: Bridging
science and decision-making
STESITE RAWWESIE, URELORMAAEMNNT o
Urban ES B10c Advancing urban ES assessment for more inclusive and just FUEE BT ET BANMAT RRFHE T o4 5ES
assessment cities Urban B10b Nature-based solutions for enhancing urban sustainability
TR and rural and ES
Urban R R BT A SR E SRS TR B AR R E landscape
landscape Urban green B10d Urban green infrastructure: Factors shaping urban ES and planning ETEMAMAEEITEENEMTESHR . FTEET
infrastructure disservices DKy
T14b Assessing effects of landscape structure on ES for
T FFES (8] WA T AL T S B ESAYATRR R landscape planning and management: Striking a balance
Urban open B10e Governance approaches for ES in urban and peri-urban open between level of detail and feasibility
spaces spaces
SRS B AR TT RN 5 KRR AT
B SCILES T9 Wi RSP XESSARER B2b Frontiers in planning and implementing nature-based
Urban cultural ES Cultural ES and public health in urban areas IR solutions in river landscapes
TR
A B1b MEHRIPAR . B LESTEG Watershed ETENAYMNERTERNEMTESHFT . FEHMRT
EEEW Coral reef From the tropics to the poles: Assessing marine cultural ES landscape DSy
Ocean planning T14b Assessing effects of landscape structure on ES for
landscape mE Téa A KR REFESTE L landscape planning and management: Striking a balance
Ocean Valuing marine ES in the age of Anthropocene between level of detail and feasibility
SRR RN | RS R RS EHESTHNTTE S8a B AR X AR HAIES
River, lake, Riverine and B2a ES assessment methods for riverine and wetland ecosystems BARIPX ES for nature conservation and protected areas
and wetland | wetland S K
landscape Landscape HEMAYNFER T ERUNEWITESHF M, FEHEMATHH
planning {7
Fey 7= TR S it FRAMMATAR: mEELF BRSEELHNESSIUE of nature T14b Assessing effects of landscape structure on ES for
Forest Forest and B3 Semi-natural forests and forest plantations: ES and trade-offs reserves landscape planning and management: Striking a balance
landscape woodland in the face of land use and climate change between level of detail and feasibility
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@ The data of world's urban population
was sourced from KnoeMa
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Table 4: Research topics on ES modeling and mapping

DERBRS

Break-out session code

SEHER

Break-out session theme

BN A B AR PR A ST SO0 L TR

el as . FASESHIRT a4 IR

Times are changing: Temporal mapping of dynamic ES

P AL B A BRI B R AT SCILES

Mapping cultural ES: Use of social media to assess cultural ES

Téa
TR (42) . N
T5

ER N EE

BAESHRE—H R ENE 5N A

Integrated ES models—Advancing modeling science and application
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human beings, urban landscape attracted a broad attention of participants with the
following interests:

1) Interdisciplinary research on the dynamics and complexity of urban ES. For
example, Cristian I. I0ja et al. evaluated the dynamic distribution and availability
of blue infrastructure in Romanian cities by studying the correlation between
the share of blue infrastructure and urban socio-economic and geographic
characteristics'”'.

2) Urban ES assessment from the perspective of environmental justice. For
example, Francesc Bar6 et al. have studied the impact of the potential imbalance
between urban ES flows and demands in Barcelona on environmental justice!'®’,

3) Urban green infrastructure (GI) factors (e.g., accessibility, scale, design) that
affect the positive and negative ES in urban settings. For example, Julia Palliwoda
et al. studied the influence of green parameters such as vegetation coverage and
species richness in urban parks and brownfields in Leipzig, Germany on the use of
ES!"L.

4) Integrated design of blue and green infrastructure to improve ES governance
of urban and suburban open spaces. For example, Sabrina Lai et al. identified the
planning policies that promote the improvement of regional GI by superimposing
regional GI suitability maps with urban master plans of three towns in Cagliari,
Italy and making correlation analysis'®.

And 5) research on the impact of urban natural environment on public health
by analyzing cultural ES. For example, Chen Xianwen et al. summarized the
challenges in the research of the relations between cultural ES and public health
in urban and suburban environments and emphasized the research on the role of
cultural ES in promoting public health!"”.

The high complexity and temporal-spatial heterogeneity of urban ecosystems
pose challenges to the measurement of urban ES. While most existing urban ES
research concentrates on natural elements in cities, understanding, analyzing, and
measuring urban ES, especially integrating ES into urban landscape planning and
urban governance, are the research difficulties that need to be addressed in the
future!”""!, The 10th ESP Conference highlighted that urban landscape planning
and design practice can be improved by enhancing a certain type of ES (such as
cultural ES and regulation ES), adjusting positive and negative services or ES
supply—demand equilibrium, and specifying GI planning and design indicators,

such as scale, shape, layout, and accessibility.

3.1.2 River, Lake, and Wetland Landscapes

Rivers, floodplains, wetlands, and lakes are some of the most complex
and dynamic ecosystems, and play key roles to freshwater water supply, water
purification, flood control, biodiversity protection, and food supply"*”. Related
sessions focused on the quantification of ES provided by rivers, lakes, wetlands,
and the contribution of ES research to intersectoral and interdisciplinary watershed
landscape planning and management. The scale of watershed landscape planning

and management varies from the basin to global, and the research methods include

VOLUME 9/ISSUE 1/ FEBRUARY 2021
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synergy and trade-off analysis, scenario simulation, etc. Session B2a introduced 3
research projects: The German River Ecosystem Service Index project proposed the
“River ES Index” for the measurement of provisioning, regulatory, and cultural ES,
and applied it to the cases of Danube and Nebel Rivers in Germany to assist the
decision-making of overall planning™'’; the EU HyMoCARES project reviewed the
relations between river restoration and general management actions, hydrological
morphology with river ES, and quantified the impact of hydrological changes on
river ES through hydrological, hydraulic, and habitat modeling, as well as data
collection, to guide the planning and management of the Alps River Basin'*”; Jan H.
Janse et al. explored how to integrate climate and hydrological models with global
wetland ES models to study the impact of global climate and land-use changes on
the ES provided by wetlands™’.

Difficulties in associated research include data acquisition at multiple scales,
the selection of quantitative evaluation methods, the identification of different ES
stakeholders, and the interdisciplinary application of related research methods
and findings. The application in the planning and design of river and wetland
landscapes can not only adopt ES evaluation methods to improve the scientism and
effectiveness, but also learn from the existing research findings (e.g., the impact
of hydrological patterns on ES) to improve the ES of rivers and wetlands through

spatial forming.

3.1.3 Forest Landscapes

The distribution of forest landscapes and the ES provided plays an important
role in global sustainability. The plant characteristics, species, and community
distribution, biomass, carbon storage of forest greatly define its ES**. At the
conference, Session B3 focuses on ES assessment and adjustment of semi-natural
forests and plantations responding to land use and climate change. Research
hotspots include:

1) Evaluation of various ES provided by forests (e.g., climate regulation, carbon
sequestration, recreational and aesthetic services). For example, Edgars Jirmalis
et al. mapped and evaluated a variety of potential recreational ES of forests in
Latvian™',

2) The impact of land use, climate change, and landscape management on
forest ES. For example, Kwadwo K. Kusi et al. evaluated the potential impact on
ES in three land use scenarios with the InVEST model*; Miguel Nuno Bugalho
studied the role of sustainable forest management in protecting biodiversity and
maintaining ES"’.,

And 3) the trade-offs among forest ES, between positive and negative
services, and with other land use types. For instance, Karla Locher-Krause et al.
identified, mapped, and quantified the ES and negative services of the exotic forest
plantations in southern Chile”. Among them, the trade-off between various
services poses a difficulty to such research. For example, the increase in forest area
would enhance the ES by forests, but the provision service of forests can only be

obtained after woodcutting, and artificial forests (such as plantations) would also
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cause environmental problems such as exotic species invasion. Therefore, future
management and policy making of forest landscapes needs overall consideration on
ES trade-offs'*”). Different ES scenarios on climate change and land-use change can
inform the adjustment of forest landscape pattern and the formulation of specific

management policies.

3.2 Application of ES Research in Landscape Planning and Management
Landscape planning can impact the types and levels of ES by adjusting land
cover types and spatial patterns, and can also promote or confine the performance
of certain ES types by adjusting ES functional indicators according to human
needs"!. The studies presented at the conference can be applied into a variety
of landscape planning practice types, including urban and rural landscape
planning, watershed landscape planning, nature reserve planning, etc. (Table 3).
Different from traditional engineering solutions, Nature-Based Solutions (NBS)
refers to the actions that inspired and supported by Nature to protect, restore or
sustainably manage ES and enhance biodiversity and human well-beings"*”. NBS
is an important means to facilitate ES performance in landscape planning and

management.

3.2.1 Urban and Rural Landscape Planning

The introduction of ES science into urban and rural landscape planning
highlights the key role and important value of GI to urban and rural environments.
Based on ES mapping, large-scale GI in suburban and rural areas can provide ES to
urban areas through spatial formation. Related research interests include:

1) Integrating ES into policy making and planning to enhance the strategic
role of ES in promoting urban-rural synergy. For example, Giinden Savasci et al.
identified the roles and functions of ES in the planning process and governance
structure, and explored the potential of ES to connecting different planning
processes and establishing new urban-rural synergy"..

2) The impact of urban and rural landscape structure on one or several ES
functions and their delivery at multiple scales, as well as the impact of policies
on landscape services. For example, Andrea Staccione et al. studied the impact of
urban ecological infrastructure structure on flood regulation, and how to improve
network connectivity by adding, retaining, and expanding corridors”?. Dieter
Mortelmans et al. studied the impact of key policy instruments on geographical
elements, ES, and socio-ecological functions of urban and rural landscapes, so as to
guide urban GI management"’!,

And 3) the contribution of NBS to addressing urban sustainability, ranging
urban climate change, human health to biodiversity. For example, Tomas Badura
et al. evaluated urban residents’ policy preference for NBS to adapt to climate
change through a choice experiment”*. By evaluating the expected ES of different
beneficiary groups and the cost-effectiveness of a series of NBS in different periods
of time, Davide Geneletti et al. empirically analyzed the potential impact of

implementing a range of different NBS in vacant lots of a city in northern Iraly"’.
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3.2.2 Watershed Landscape Planning

In order to improve ES of watershed landscapes, the conference highlighted:

1) A series of approaches and paradigms to integrate NBS into watershed
landscape planning. For example, Christian Albert et al. proposed a landscape
planning framework based on NBS (including identifying context and challenges,
developing a shared vision, exploring NBS scenarios, crafting solution strategies,
implementing NBS, and monitoring NBS effect), and applied it to the landscape
planning of the Lahn River in Germany"®; Wang Zhifang proposed 6 paradigms of
NBS, namely natural, native, progressive, cultural, experimental, and green, as well
as a NBS planning framework based on these paradigms, illustrating with a case
study of river landscape planning of mountainous areas in China””’,

2) The impact of watershed landscape pattern or land use on flood regulation
services. For example, Kelsey McDonough et al. studied the temporal-spatial
impact of land cover change on flood regulation ES in the southern basin of Kansas
City, USAPY.

And 3) ecological, social, and economic effectiveness of NBS, NBS-based
planning and design methods and case studies, and the governance and business
models for implementing NBS. For example, Sarah Gottwald et al. developed
and tested the NBS-based geodesign process and evaluated its contribution to the
boundary management of river landscapes"?. Mario Brillinger et al. used literature
analysis to evaluate the flood risk management plans of three German federal states
and the nature-based measures adopted, and analyzed the potential influencing

factors for the adoption of NBS in policy preparation and decision making"””.

3.2.3 Landscape Planning of Nature Reserves

1) The landscape planning of nature reserves and biodiversity, as well as the
planning of national parks, biosphere reserves, and scenic areas. With case studies
in Canada, Matthew Mitchell et al. integrated ecosystem capacity and human needs
into ES assessment, evaluated the consistency between ES hotspots and protected
areas, and discussed the ways to combine ES into conservation planning!*.

2) The impact of urban forest policies on regional ES. Based on the project of
“Alpine Ecosystem Services—Mapping, Maintenance, and Management,” Matthias
Riedel et al. evaluated the policy tools which are implemented or suitable for
implementing ES, by collecting formal or informal documents of public awareness
about ES and human well-beings, according to the changes and limitations in ES
implementation, and added value generated by ES™"\.

And 3) stakeholders’ preferences and participatory planning of protected
areas. For example, Manoj Bhatta studied various ES acquired from red
panda habitats by villagers near the protected area in western Nepal through
focus group discussions, key informant interviews, informal interactions, and
participant observation*”', Rizza Karen Veridiano et al. studied how indigenous
people in the Palawan Mountains of the Philippines understand the concept of ES
in forest conservation projects, take actions with local decision-makers based on

scientific assessments, and inform the local forest management and conservation
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policy making, which provides a case study for how participatory planning informs

planning policies'*’!.

3.2.4 Summary

In addition to the above types of planning, in terms of national spatial planning,
Fernando Santos—Martin et al. concentrated on the case studies in Spain to illustrate
ES synergies and trade-offs related to land-use intensity gradient by mapping the
spatial distribution and heat spots of 14 ES indicators, and put forward the need to
establish a new national-scale landscape planning model**.

Landscape planning, as a basic means to landscape management, aims at
coordinating the human-nature relationship and pays attention to the multiple
value attributes and spatial differentiation of planning objects'’. However, due to
the temporal-spatial conflicts among multiple values, how to understand the spatial
differentiation laws of planning objects, seek spatial approaches that maximize the
values, functions, and potentials of landscapes, so as to alleviate and coordinate
value-conflicting areas, is a main problem to be addressed in landscape planning™’.
In general, the research hotspots in landscape planning and management can be
summarized as follows:

1) The framework, methods, and approaches to the integration of ES into
various spatial planning (e.g., territorial spatial planning, urban-rural GI planning,
watershed landscape planning, and land use planning);

2) The impact of landscape structural characteristics and changes on ES delivery
and benefits;

3) The impact of planning or management policies on ES;

And 4) applying NBS into landscape planning and design practice to improve
ES of various landscape types.

ES matters and connects natural resources with human well-beings, and
quantitative evaluation and visualized expression help stakeholders identify value-
conflicting zones. By analyzing the spatial potentials in service flows, supply and
demand, and trade-offs, and learning from the relevant research findings of the
impact of landscape characteristics on ES, landscape patterns can be optimized to
provide scientific bases for multi-scale and multi-type landscape planning, design,

and management.

3.3 ES Modeling and Mapping

ES modeling and mapping has been a hot topic discussed at previous ESP
global conferences. The 10th ESP Conference focused on the research on dynamic
ES (including value change, scenario exploration, dynamic visualization, real-
time application, on-site monitoring, and threshold modeling)®, immaterial ES
evaluation, and integrated ES models (Table 4). The qualitative and quantitative
models introduced at the conference can be used to build user-oriented landscape
decision-making systems, with aid of machine learning and other technologies,
facilitating associated application and practice. ES modeling is shifting from the

traditional models that integrate spatial data towards the ones that respond to
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different needs across scales for various stakeholders. Methodological focuses shift
from data sharing and integration towards open source and machine learning. For
example, in order to improve the management of Atlantic Landscapes, biodiversity
and ES integrated modeling was used as a simulation platform that integrates
multiple models, to analyze the interaction between natural processes and human
activities in riparian landscapes, as well as the assessment of a variety of ES, by
establishing a biological monitoring spatial database according to socio-economic
and climate change scenarios*’. The model also adopted a participation framework
of stakeholders, and support the iteration between participatory assessment and
modeling*®'. In addition, the Artificial Intelligence for ES modeling platform, which
was introduced at the conference, can be used for quick online ES evaluation,
supporting searching, access, interoperable, re-use, and customized functions; for
analyzing temporal-spatial ES changes and the flow path of beneficiaries; and
for targeted services for landscape planning and policy decision-making through
modular modeling and automatic recommendations of query results*”**),

In order to overcome the obstacles in landscape planning and management
caused by spatial mobility and non-geolocation of ES, modeling integration
of geospatial data and social media data for interactive analysis has become a
mainstream approach to identify immaterial ES (such as cultural and supporting
ES). The T4b session focused on the development of immaterial ES quantification
methods and mapping tools. For example, the spatial distribution of cultural ES
was studied by identifying keywords (social media picture tags) in popular social
media (e.g., Flickr, Twitter, and Instagram), and analyzing the distribution of
cultural ES by identifying the landscape characteristics in the pictures”*”. The
conference also highlighted the participatory approaches to investigating the social,

economic, institutional factors that influence the ES trade-off*".

4 Conference Insights on Landscape Planning Research and Practice

Multi-scale and multi-domain landscape planning can promote the
establishment of ecosystem network by building GI or ecological security pattern.
In China’s current ecological civilization construction and the transformation of
territorial spatial planning, it urgently needs to guarantee the ES of nature through
landscape planning and design, and to rebuild the harmony between human and

521531 ‘Upon the latest research and application

land, and between man and nature
results introduced at the 10th ESP Conference, this paper offers landscape planning

and design professionals with the following insights.

4.1 ES Evaluation for Multiple Landscape Types

From cities to villages, from land to water, from plains to mountainous areas,
the increase in types and scales of ES evaluation objects enriches data and scientific
bases for landscape representation and landscape evaluation within the Carl
Steinitz’s classic research framework, which helps identify the landscape types

that provide critical ES. On the one hand, research on ES quantitative evaluation
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system, measurement methods, and evaluation models—especially the quantitative
evaluation on service demands and service flows—the supply and demand, and
the trade-off and synergy of ES should be enhanced. On the other hand, in-depth
exploration of the interaction between landscape planning, landscape pattern, and
ES, as well as the relations between spatial forms and ES evaluation. In addition,
in view of the advantages of ES evaluation in identifying the characteristics and
functions of landscapes, future research interests might include the application

of evaluation results into specific planning practices, and the promotion of the
space value of sites. This will provide scientific bases for the identification of core-
function areas, the construction of landscape security patterns, the delineation of
ecological protection boundaries, and the evaluation of landscape performance**™”!

propelling urban resilience and sustainable development.

4.2 The Theoretical and Practical Frameworks for Integrating ES Science Into
Landscape Planning

Just as there is a dislocation between research and practice in landscape
design®®, there is also a big gap between ES research and associated planning
and design practice. On the one hand, scholars should strengthen the research on
the impact mechanism of climate change, landscape patterns and characteristics,
landscape planning policies and governance measures on ES, so as to inform
the development of pattern indicators and policy measures that can specifically
guide planning and design practices. On the other hand, urban planners should
strengthen scientific evidence-based, make full use of ES professional knowledge

and scientific research conclusions into design guidelines, spatial models and

b

quantitative indicators, and build a bridge between ES research and design practice.

Meanwhile, it is necessary to try to integrate ES theory into the planning and
design research framework of various landscapes. Taking the classic Carl Steinitz’s
research framework in the field of landscape planning and design as an example:
in the landscape representation, identifying and describing the ES provided by

the landscape; in the landscape process, understanding and analyzing the ES
process in the landscape; In landscape evaluation, the operation of landscape is
judged by using ES evaluation model to evaluate ES level; in landscape change, the
strategy and prospect of landscape pattern or structure change are provided; in
landscape impact, the impact of landscape structure or pattern changes on ES zone
is evaluated. In the final landscape decision-making, the final landscape change
model is selected based on the promotion of ES. In addition, it is also necessary to
fully consider the flow and interrelationship between services, and incorporate ES
spatiotemporal patterns, supply-demand relationships, trade-offs and synergy into

analysis frameworks of landscape planning (Fig. 2).

4.3 Integrated ES Modeling and Mapping Tools for Landscape Planning and
Management
The development of multi-scale integrated ES modeling and user-oriented

learning mapping technology can effectively display and predict the impact of
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changes in spatial pattern, social economy, and protection management on ES.
Scholars in landscape planning field are expected to enhance the functions of
integrated ES modeling and mapping. On the one hand, multiple models can be
integrated for comprehensive modeling by building a cooperative platform among

government agencies, universities, NGOs, and all kinds of stakeholders and

continuously incorporating user-uploaded data. This can visualize the intangible

benefits of ES, and support the analysis of dynamic trade-offs and synergy / supply

and demand relations of multiple ES types in different social-economic contexts. On

the other hand, scholars also need to explore ES mapping methods that integrate

g, K

5 Conclusion

multi-source data such as climate conditions, geospatial, social media, and social
economy, and improve associated graphic application in landscape planning at
different scales. This method can assist landscape analysis, public participation, and

decision-making of landscape planning schemes through multi-scenario simulation.

Different from the perspective of Ecology and Geography, the ES research in

the field of landscape planning focuses on the interests from planning and design,

landscape patterns and functions, ES, and human well-being, among which the
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