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ABSTRACT

Landscape planning adjusts spatial structures and
functions by altering the types of land use / land
cover and the patterns of landscapes, and thus
further impacts ecosystem services. This paper
examines the impacts of landscape planning on
ecosystem services and draws the conclusion
that the control over the types of land use /

land cover, the altering of landscape patterns,
and the adjustment of landscape functional
characteristics could change the type, quality, and
performance of ecosystem services, respectively.
Through an overall review on the application of
ecosystem service evaluation, spatial mapping,
and scenario simulation, this paper further
concludes their roles in landscape planning:
ecosystem service evaluation provides means

to ensure scientific landscape planning; spatial
mapping serves as a basis to the decision making;
and scenario simulation visualizes all kinds of
possibilities for an optimal choice. At the same
time, such applications in landscape planning
practices, ranging from green space planning,
ecological conservation redline planning, land

use planning to biodiversity protection planning,
are exemplified. Finally, this paper summarizes
existing research findings and limitations and
proposes that future research is expected to study
the relationship between landscape planning and
ecosystem services, to build a dynamic composite
planning framework that can improve ecosystem
services, and to propel the research on the
tradeoff-and-synergy among ecosystem services
in landscape planning.

KEYWORDS
Ecosystem Services; Landscape Planning; Land
Use; Landscape Pattern; Scenario Simulation
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1 Introduction

Based on the concepts including ecosystem function, nature
service, and environmental service, Ann Ehrlich et al. defined
that “ecosystem services (ESs) are the conditions and processes,
through which ecosystems, and the species that make them up,
sustain and fulfil human life.”""™ ESs cover all benefits obtained
by humankind from ecosystems"”, which include tangible
services (such as material production and resource supply) and
intangible ones (such as recreational, cultural, and historical
values). ES has four types: provisioning, regulating, supporting,
and cultural, Provisioning services include food production

as well as water and energy supply; Regulating services include
climate regulation, water and soil conservation, and flood
control; Supporting services include biodiversity protection, and
ecosystem productivity maintenance; Cultural services include
recreational and aesthetic significance. For instance, forest
ecosystems provide regulating services such as climate regulation
and water and soil conservation, while provisioning natural
resources; Farming lands supply human beings with food; Water
bodies, mudflats, shrubs, and grasslands regulate hydrological
conditions'.

ES has recently attracted wide attention in the field of
landscape planning. In global academia, theoretical studies
mainly focus on a particular type of service, such as cooling,
carbon storage and oxygen release, flood control, biological
control, landscape aesthetics, and recreational value'®. Such
findings have inspired more studies to explore the relationship
between ES and landscape pattern”® and biodiversity'”. Most
studies work on the ES applications in landscape planning and

-1 and urban planning!*. This

management'”!, land use
paper reviews the research and applications of ES in landscape
planning by starting from examining landscape planning’s

association with ES.

2 Impacts of Landscape Planning on ES

Both ES and landscape planning study humankind and
ecosystems, with the former referring to the gains that human
beings obtain from ecosystems and the latter focusing on
altering ecosystems to meet human needs. Enhancing ES is a
major objective of landscape planning and the basis of landscape
planning evaluation. Landscape planning would ensure the
production and performance of ES. Specifically, landscape
planning changes the types of land use / land cover (LULC) and
landscape patterns by adjusting urban land uses and spatial
constitution, which would impact ecosystem functions, as well
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as the ES types and their distribution — In other words, landscape
planning impacts ES by changing the producing process of services.
At the same time, landscape planning facilitates or inhibits certain
services of ecosystems to meet the needs of urban development.
Therefore, landscape planning sees a close association with ES
(Fig. 1).

2.1 Landscape Planning Defines the Producing Process of ES
2.1.1 LULC Types Define ES Types

A key component of landscape planning is to adjust LULC
types. Such adjustments would significantly impact ecosystems’
major processes such as substance exchange, water and soil

SIT€1 a1l of which would further

impact ES. A number of studies have proven that alterations

conservation, and biosphere cycle

in LULC types would change ES types. For instance, a natural
forest’s regulating service in water conservation and water quality
protection would be undermined when it is transformed into a
farmland, with an enhanced food productivity''”; when a farmland
is reclaimed into forests, its food supply service undermines and
regulating service in water and soil conservation increases'.
Along with the growth of urban construction and the shrink of
agricultural lands and water areas, a city’s food production and
hydrological regulation services would get degraded while its
recreational and cultural services, as well as the waste treatment

capacity, get strengthened, witnessing a shift of ES types from
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provisioning and regulating services into cultural and supporting
ones'"”. Altogether, landscape planning would lead to ES shifts
by changing LULC types, which paves the theoretical way for ES
improvement through landscape planning.

2.1.2 Landscape Patterns Impact Service Qualities

Another key component of landscape planning is landscape
pattern improvement. Ecological processes and service qualities
vary among different landscape patterns. Scientific planning of
landscape patterns of limited land resources enables the ecosystem
to deliver sustainable and efficient services. By comparing
different landscape patterns and their ES performance on the
Loess Plateau of China, Fu Bojie et al.”” concluded that the
conservation service of moisture and nutrient contents is in order
of forest > grassland > slope farmland. Su Shiliang et al.*"' held that
a landscape in a fragmented pattern would cause a degradation
of its ecological functions and a poor service quality. Moreover,
the association between landscape patterns and ES qualities are

also quantitatively studied. Wang Boya et al.””!

explored the
relationship between landscape patterns and ES performance of
Haidian District of Beijing. The findings reveal that the proportion
of forest patches in the study area is logarithmically correlated
with its regulating and supporting service performance, and the
shape index of the bush patches and ES are exponentially related.
To sum up, landscape patterns impact ES performance
by changing the LULC structure and spatial characteristics.
Quantitative analyses and simulation prediction of spatial
characteristics of ES need to be combined with landscape pattern

analyses so as to assist landscape planning.

2.2 Landscape Planning Impacts the Functioning Process of ES
Landscape planning is conducted to promote or inhibit the
functioning process of ES in order to meet human needs for
greater economic, social, and ecological benefits. For instance, a
farmland’s resilience to natural disasters can be strengthened by
improving agricultural productivity and structure and enhancing

. .. [23] . . [24]
ecological conditions'™. Adjusting landscape patterns™,

improving ecological infrastructure'®”

[26]

, Increasing vegetation

, and creating water bodies and cold
[27]

coverage and diversity
islands in urban green spaces'”" all help cool and moisturize the
city. Yu Kongjian et al.”® proposed conservation plans of species
diversity with landscape elements””. Wang Zhifang et al.*
argued that building cultural heritage corridors would improve
landscapes’ cultural services. All these studies have proven that
landscape planning is an effective means for ecosystems to meet

the changing needs of human beings.
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3 Application of Research Methods of ES in Landscape
Planning

Quantitative study of ES helps develop scientific analyses of

B Methods such as quantitative evaluation,

landscape planning
spatial mapping, and scenario simulation have been widely used
for exploring benefit evaluation, studying spatial distribution
characteristics, and developing planning scenarios. Such research
provides guidelines for adjustments of LULC types and spatial
patterns and the formulation of protection plans, helping
decision-makers establish an indicator coordinate of sustainable

development"?,

3.1 Application of ES Evaluation in Landscape Planning

Landscape planning aims either to identify key spatial types
and protect ecological security, or to improve the overall benefits
and facilitate sustainability. Conventional approaches evaluate ES
performance by comparing a particular kind of ES among different
ecosystems or different kinds of ESs in a particular ecosystem,
through varied evaluations on mass, value, and energy according
to varied criteria. In landscape planning, ES evaluation is mainly
applied as scarcity evaluation and comprehensive evaluation.

3.1.1 Scarcity Evaluation of ES
Scarcity evaluations of ES study the irreplaceable resources
(such as species diversity) and the irreversible process (such as soil

34] -
%, income

formation) in ecosystems. According to Richard Corlet
increase of industrial crops cannot offset the decrease in food
production. Studies by Hua Fangyuan et al.”” revealed that the
increase of the total cultivation area of a single-species afforestation
cannot provide the diverse services delivered by a same-sized
mixed natural forest. Scarcity evaluation is to accurately describe
or assess the capabilities of the ecosystem to deliver a certain kind
of ES and figure out the gap with its optimum. Such evaluations
help decision-makers improve protection and development plans,
avoiding ES degradation or loss for shortsighted profits. This helps
make the best use of ecosystems and ensure ecological security. The
combined approach of mass evaluation and qualitative description
is mostly adopted, with diversity and productivity as the evaluation
indicators.

In landscape planning, scarcity evaluations of ES are
mostly used for key spatial type identification, security pattern
construction, and ecological protection planning. Most existing
research concentrates on eco-sensitive regions, including rapidly

urbanized regions”®, arid areas””, wetlands"*, and the areas that
suffer from frequent geological disasters””. Tang Feng et al."*”!

evaluated the value equivalents of ES to identify the regional
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ecological sources and build the ecological security pattern.

1. adopted mass evaluation methods to quantify

Peng Jian et a
the services of carbon fixation, soil conservation, and water
conservation to identify the regional ecological sources in
Yunnan Province, China and build the ecological security
pattern. Fan Feide et al.*” employed the Analytic Hierarchy
Process and the multi-factor comprehensive evaluation

method to establish an assessment system in order to evaluate
biodiversity protection, soil and water conservation, stony
desertification control, and product supply of the karst landform
in northwest Guangxi Zhuang Autonomous Region, China,
providing a guideline for the eco-function zoning. Xiang Bao

et al."’!) Zhu Lichen et al.*" and Du Yueyue et al.*”! have made

similar explorations.

3.1.2 Comprehensive Evaluation of ES

Most ecosystems on the planet have been impacted by
human activities, which have disturbed the delivery of ES and
threatened human well-beings. By comparing or adding up all
sorts of ES with a uniform criterion, a comprehensive evaluation
of ES is to describe the overall ES level of an ecosystem, assist
problem-finding and decision-making, and help develop an
indicator coordinate to improve the ecosystem’s sustainability'*®'.

In landscape planning practice, evaluation methods vary
from case to case, among which indicator evaluation, monetary
evaluation, and modeling evaluation are commonly used.
Indicator evaluations can quantify ES in varied indicator
coordinates, among which quality-rating systems like
questionnaires are particularly helpful to address cultural
services that are difficult to be quantified. Mao Qizheng et al.*”!
summarized a number of common indicator coordinates and
related data collecting methods by reviewing the differences in
evaluation objectives, data obtaining, and application scales. Li
Feng et al."* identified the problems of the green space system
of Yangzhou, China by evaluating its ES under six indicator
categories, which offered a guideline for the entire process of
landscape planning. This method has also been applied in similar

#1"as well as Berlin,

[50]

research in Gainesville, the United States
Salzburg, Helsinki, Stockholm, and other European cities

s to quantify different ES in a same

Monetary evaluation
currency value, which would help estimate the overall value of
ES and environmental accounting with methods like equivalent
factor method, expense accounting method, market pricing
method, opportunity-cost method, shadow project approach,
travel expense method, and contingent valuation method®".
Xie Gaodi et al.”” developed the service equivalents for China’s

terrestrial ecosystems, which has inspired the academia to
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Table 1: Criteria used to classify the types of approaches used to map ES supply based on social-ecological data

DI boES nE
Criteria Categories considered Rationale
—FHE L IFFARERIINEIE, SENSEE. BEER. HRIAOSEHER

Primary data

HiERR

Maps derived from sampling in the field (e.g., field data, surveys, interviews, or census data)

Availability of data sources

ZF R

Secondary data

THARTHBARERRIENTE LR, EELE. EREUE. HSEFEURMEURES S REIT RS SAEERER
Maps derived from readily available information not verified in the field (e.g., cartographical data, remote-sensed data, socio-economic
data, and mixed sources or databases like global statistics)

EIREIR
Biophysical data

AR B . KXRMSEEE

Land cover, remote-sensed, topographical, hydrological, and climate data

Hrimaey

Types of data sources

HERFHIE

Socio-economic data

EEhE. AQE. BAFMAQLEHE

Road map, population map, photos, and census data

SEBIRER HIRE (MRRFLRREFLE. REERERRVARRESESREITEIR) . BXGR. BEREMEHREE
Mixed sources Database (global statistics, e.g., Olson's global map of carbon storage and FAO reports), bibliography, surveys, and field data
HRRE 10 ~ 10” km’
Patch - m
RIRE 10°~ 10° km?
Local
FERE ;
Scales EE—%RE 10° ~ 10°km’
Regional
ERRE 10 - 10kt
National
EHRRE >10° km?
Global
XEEE FI A A AR SR AR P I A NAESRAE RS ITAE

Look-up tables

Use of existing ES values from the literature to land cover classes

Expert knowledge

EREN ERETHHRREUEMESRERESHOE N, NAREABEB#THF

Experts rank land cover types based on their potential to provide specific ES

o FREXR DT EETRREN. SESRGURNESRGRSERNETMR, AE—PHFNESRERERSEFER
Mett:ods Causal relationships Incorporate existing knowledge about different layers of information related to ecosystem processes and the services to create a new
proxy layer of the ES
—FHRNINERS SEBELHIE (BERMMER ) MIShIETEIREN SURE# TN ELE
Extrapolation of primary data Field data databases weighted by cartographical data (generally land cover)
B354 BESFEGRSNIHIBMEIREANRETE, BiER (NENYREIEFMCISIRIMEMBESR ) EABELTE
Regression models Employing field data of ESs as response variables and proxies (e.g., biophysical data and other sources of information obtained from GIS)
as explanatory variables
R
gL SHER63].
Note

Source: Ref. [63].

RN FERENE P A A TR R A T 90 206 B V5 KU DX A T e A (0
GESIEIE

R DA v 0 2o 1 57 5 25 25 R R R 55 40 56 ) 2 830 A RN i Hh A A
XA R GRS EATVPAL , 25 TR T LA A T A 45 R AE 45 1] R
Wk, MEFASERE], HrPInVESTEY | AriestEIFISol VESHRI N
JzP, 2Rz AER FH In VE S TRARLA A6 5 1T 85 2 K R T A 78 &

062

GEMSS A TIPAY , BFFE T LRI AR X I 55 O 520 s R HRR AR
Sol VESKIRINS_F i T B VT 2 Bk =5 [ Ak e i (AT Ak, Dl
FREER T K 2 T SR SR AL 1Rk 3

B, RS RGIMSS G TG I E i G — e AR 7 AN [ Y
M5 RABMUAZE G VAL, DLk B AR S R G 5 2R B4, JF A &
MR T B RGBS IS

VOLUME 7/ ISSUE 4 / AUGUST 2019



2. ETRFRSHERE
B (BRkER: 2%
ST

2. Mapping process of ES
(Source: Ref. [17])

SRS /18X

B R 4T s MY BEESHL B IR
Objective analysis Planning management and planning objectives
v I
4
I I I I
g g = ° W,
se| |12B3| |&&| |gz| |B5:
= = T 302
2 I : g A 2y EgE
Q% 3 Q B & A 8 & 2SR
5 = F 2 a
@ @ 2
v | I |
” ERRABEHRANE
] ES research
3
3 o A
@ Provisioni i .
E ﬁ rovisioning, s | s e Regulating
) Demand- | Tradeoff-
g z @ supply | and-synergy
S characteristics
52 n
3 a5
TERE | RELE
Methodological | Scale
modeling | matching
XAk Bz
Cultural Supporting
H
v
€
LR 3 EERGRS IR MR &
Result analysis Outputs of ES mapping ;’

3. 2 TR GRS AT SO e ¥ S

HEAS R G T5 i PR A 45 AN R AR A5 R G R S5 7 T ik AR T
Hy T 2 v 0 VR R R I 15 2 ) RUBE P A 25 R i 55 1)
R, ok MARRRAE . MG R DR R AR T RENE, LLEAT 4y
BT 5 B A 5 B R TR O IR R A A - B - BT
25— AT RIS B - CURTT R R AR - DL pEAE I &
JE, HRZENM - AR SO T AR R BT TR (3R
AR AN S A X AR S AR SR S5 B R HEAT TR (1B12) L
EEIPHANB B, AT BOR AN TR AR, B SR
InVEST, Aries, MimesFlISolVES*'4E T H.o 225 RGUIR S5 il K15 ik
JHFSOOAL, PR T 0L ok JR 7 A 25 AR G 55 ) BUR 25 45 A
SCAT AR | e B A 5 AR G E LR R s i 28 RUSE R/
BRGNS 1 A5, R A

FUT, A2 R GRS i P 7 T A BRI v i) o P A P e A2
o 1l P RIASUAEE — B [ 175 S5 0 R 5 1 AR A R e S5 i 4 — oK
it P e oo A 205 AN SR A AT e s SR i SE R AL, AR Dy
SOOI B A . i 7 M B R EDR IR SIEAET T
PR TS RGNS AR E R R 3 XSO L st i

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

063

conduct more quantitative research on different ES types" ",

Li Wei et al.”” used the travel expense method to estimate the
recreational value of the natural resources of Jiuzhaigou Scenic

1.5 studied the recreational

Reserve, China; Liu Yaping et a
value of the Wulingyuan Scenic Area through a combination of
contingent valuation method and travel expense method.

Modeling evaluation is to build models for ES-related
parameters input and output models, which can map out
different sorts of evaluation results in a same spatial system,
largely facilitating further spatial planning. Common models
include InVEST, Aries, and SolVES"”.. Li Yifeng et al.”® used the
InVEST Model to evaluate the ES of the watershed of Miyun
Reservoir in Beijing to study the impact of land use changes on
ES performance. Cheng Danyang et al.”” employed the SolVES
Model to quantify the social value of the Huangpu Riverfront
in Shanghai, providing a reference for sustainable landscape
planning of urban waterfront.

To sum up, comprehensive evaluation can realize an overall
estimation of all types of ES under a uniform quantitative
criterion, so as to improve ES structures and enhance its overall

benefits through landscape planning means.

3.2 Application of ES Mapping in Landscape Planning

ES mapping is a quantitative description that combines
multiple analysis approaches and models to represent ES varieties,
amount, distribution characteristics, interrelations, and future
possibilities within specific periods and spatial realms through
spatial mapping approaches'®”. Developed by Maria Jose

*11"as well as Benjamin

Martinez-Harms and Patricia Balvanera
Burkhard et al.'”l, the methods and types of ES mapping are
summarized by Giuseppe Pulighe et al.**' based on social-
ecological data (Table 1). Fu Bojie and Zhang Liwei summarized
the process of ES mapping into four steps (Fig. 2), with modelling

1) where tools including InVEST, Aries, Mimes,

analysis as the core
and SolVES** are now most widely employed. ES mapping in
landscape planning visualizes the quantified overall ES level and
informs planners, decision-makers, and other stakeholders with
ES scenarios in particular spatial and temporal scales.

ES mapping is mostly adopted as supply-demand mapping and
tradeoff-and-synergy scenario mapping. The ES supply-demand
mapping is to overlap ES supplies and demands and identify the
gaps so as to provide a reference for landscape planning decision-
1651

making. Dong Liqing®”' employed the supply-demand mapping

to explore the ES distribution characteristics and impact factors
of the southern artery of the Project of Diverting Water from the
Yellow River to Shanxi. Liu Wenping et al.' developed the supply

capacity map of the urban biodiversity protection service in the
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Haidian District of Beijing, which visualized the ES distribution
in the study area, shining a significance for biodiversity
protection planning. ES tradeoff-and-synergy refers to the ES
increase or decrease resulted from human’s ES consumption'®”.
The tradeoff-and-synergy scenario mapping analyzes the ES
changes among different preconditions in time, space, and
restorability to formulate landscape planning schemes with
maximum benefits. Existing studies on this mapping are still on
simple statistics. Quantitative and modeling analyses should be
strengthened with future efforts'”.

Above review suggests that ES mapping is a tool for
landscape planning that combines multiple analysis methods
including field investigation, data analysis, spatial mapping, and
modelling simulation. However, it also sees expectations to make
the mapping process more standard, data more multi-sourced,
analyses more scientific, modelling more inclusive, and planning

decisions more effective.

3.3 Application of ES Scenario Simulation in Landscape Planning
ES scenario simulation is to analyze and predict ES values,
interactions, and possible changes with methods like data
analysis and modelling simulation, by creating a series of
scenarios that visualize the characteristics of ES pattern changes,
ecosystem protection conditions or the level of social-economic

t'*. In landscape planning practices, the models

developmen
that are used to represent the overall ES characteristics include
empirical statistics models (such as WaterGAP), dynamic models
(such as IMAGE and EwE), general equilibrium models (such as
GREEN and GTAP), local equilibrium models (such as IMPACT),
and comprehensive models (such as CLUE-S)**”. Over the past
few years, the Cellular Automata (CA) proposed by Stanislaw
Ulam and John von Neumann and applied by Hellen Couclelis

[701

in urban studies'™ is more commonly found in relevant studies

and landscape planning decision-making processes. For example,

1.”" conducted a dynamic simulation of the ES

Lv Guoping et a
value in different scenarios of varied LULC types and landscape
patterns in the karst region of Puding County, Guizhou Province,
China with the CA-Markov model. With an improved Logistic-

[72]

CA model, Huang Huanchun et al."” predicted and analyzed
the ES spatial characteristics of different scenarios of the coastal
area of Tianjin, China under the backdrop of aggressive urban
expansion. Examples discussed above suggest that ES scenario
simulation works well to predict and visualize the changes in
LULC types, spatial structures, and protection and management
situations, as well as the possible impact of such changes on

ES, providing visual and comprehensive references for decision-

makers for ecosystem protection and landscape management.
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4 Application of ES Research in Landscape Planning
Practice

Landscape planning, including land use planning, green
space planning, biodiversity protection planning, and ecological
conservation redline planning, is a means that coordinates
the relationship between human beings and the nature by
adjusting spatial structures and functions. For now, the indicator
system, quantitative evaluation, spatial mapping, and scenario
simulation of ES have been widely applied in landscape planning
practice.

Green space planning is to integrate city with nature
and leverage ES performance to boost sustainable urban
development. Cui Chaowei et al.””! evaluated the existing
ES level of the green space in the urban area of Beijing and
identified the plots with potentials and those need to be
improved. Zhang Tingwen'* took Changsha, a Chinese city,
as the study area and divided it into the core area, the buffer
area, the transitional area, and the less sensitivity area through
quantitative ES evaluation and spatial mapping, in order to
identify the importance and protection priority of the city’s

1.7 used ES analysis models in the

green space. Sara Meerow et a
site selection of green infrastructure in Detroit for a sustainable
social development and a stronger ecological resilience of the

1.7 applied the ES evaluation methods

city. Susanne Frank et a
into the landscape spatial pattern planning for the Groflenhainer
Pflege in Reikland of Saxony in eastern Germany, studying
the relationship between ES and landscape patterns through
scenario simulations to improve the green space structure.

The planning of ecological conservation redline grades
ESs and defines their distribution by the capacities of all ES
types, as well as their importance to the sustainability within a
region. Li Xiaocui et al.”” integrated the importance of ES into
the eco-suitability evaluation framework, according to which
two-level eco-protection zones of E’zhou, Hubei Province, China
are identified and related management guidelines are proposed,
providing a scientific demonstration for similar practices in small-
or medium-sized cities. Yang Shanshan et al.”* conducted the
ecological conservation redline planning for Jiangxi Province,
China through evaluations on regional ES importance and
ecological sensitivity. Through ES equivalent evaluations, Xiao

1.7V identified the key protection areas and eco-

Tiantian et a
vulnerable areas in coastal areas, and proposed the classification
methods of landscape ecological conservation redline
determination for the reclamation areas.

For land use planning, the quantitative evaluation and

scenario simulation of ESs help planners comprehend the overall
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benefits of ecosystems in different LULC types and land utilization
modes to make smarter decisions on land use sustainability. Lars
Koschke et al.*” evaluated the land use management and the
overall ES level of Reikland, Germany. Combined with scenario
simulations, the evaluation results played a role in land use
planning and site selection. Liu Yaolin et al.*"! introduced the
ES valuation into land use planning, reforestation, and farmland
accessibility planning, and tested the validity of the improved model
in the case of Dongxihu District of Wuhan, Hubei Province, China.
Quantitative assessment and prediction of ESs can also be applied in
biodiversity protection planning practice. Teja Tscharntke et al.*”
argued that moderate intervention in biodiversity protection is
conducive to certain endangered species to avoid being extinct, and
to maximize the ES performance. Cho Nam Ng et al.*” proposed
a method that combines ES evaluation with landscape continuity
analyses for biodiversity protection and landscape planning after
examining the spatio-temporal changes of ES values in biodiversity
protection of the rivers within Shenzhen City from 1988 to 2008.

5 Conclusions and Prospects

This paper reviews the association between landscape planning
and ES in respects of LULC types, landscape patterns, and functional
characteristics, drawing a conclusion that the control over LULC
types, the altering in landscape patterns, and the adjustment of
functional characteristics could change ES types, quality, and
performance, respectively. Also, the paper examines the application of
ES evaluation, spatial mapping, and scenario simulation in landscape
planning practices and further concludes that scarcity evaluation
serves as a scientific basis for biological security; comprehensive
evaluation is an effective means that guarantees sustainability; spatial
mapping aids planners to make reasonable decisions; and scenario
simulation visualizes varied possibilities and informs decision-
making processes. A large number of studies have explored the
application of ES research in planning practices such as green
space planning, ecological conservation redline planning, land
use planning, and biodiversity protection planning. Based on
existing research findings and limitations, this paper proposes
the following suggestions on the application of ES research in
landscape planning:

(1) To strengthen studies on the association between landscape
planning and ES

Existing studies reveal that LULC types and landscape patterns
greatly matter ES types and qualities. Landscape planning can not
only adjust the total ES amount, but also impact the composition
and distribution of different ES types. Current research has mainly
focused on the qualitative and quantitative studies on the impact
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of LULC types on ESs, but the impact of landscape patterns on
ESs has been less studied. More studies are expected to explore
the impact mechanism of landscape patterns on ESs through
a perspective of Ecology; besides, combining authentic case
studies, with a shift from qualitative descriptions to quantitative
evaluations, more efforts are needed to strengthen the application
of ES-related sciences into landscape planning practices.

(2) To establish a dynamic, composite planning framework for
ES improvement

Landscape Architecture is an evidence-based discipline, and
landscape planning embraces rational valuation and scientific
process. Current planning methods and models concentrate more
on spatial patterns and policies with a lens of urban planning,
with less framing studies on the integration of ecological, social,
and cultural considerations. ES research that aims at enhancing
the overall human well-beings provides theoretical and practical
bases for landscape planning. Ecosystems function differently
due to the spatio-temporal variety and the assortment of human
demands. Thus, a dynamic, composite planning framework
conceived to address different stages, ecosystems, and planning
objectives can be established by adjusting evaluation methods and
indicators; conducting simulations under different temporal and
spatial scales through a combination with ES mapping; making
comprehensive analyses of multiple ES types and the interactions
among them; and, properly selecting models that can process
dynamic complex spatial systems. Such a framework would better
guide landscape planning and decision-making processes.

(3) To encourage ES tradeoff-and-synergy studies and related
applications in landscape planning

In the field of Landscape Architecture, most current research
converges on studying one certain ES and its relationship with
spatial planning, while few studies explore the tradeoff-and-
synergy among multiple ES types, or specific kinds of one ES type.
Reasons are: 1) the difficulty in obtaining data of the valuation of
different ESs; 2) the difficulty in drawing quantitative evaluation
indicators under complicated objectives or with limited available
data; 3) the lack of uniform indicator coordinates or methods to
assess the value of different ES types makes the cross-evaluation
of varied ES types or in varied regions impossible; and, 4) the
difficulty in spatial mapping of multiple ES types and identifying
the tradeoff-and-synergy types and ranges with existing spatial
analysis tools. In future, the academia needs to endeavor to
explore the impact factors and mechanisms among different ES
types, improve the methods on ES tradeoff-and-synergy study,
and strengthen analyses like spatial mapping and modeling
simulation, in order to better bridge ES research with landscape
planning and design practice. LAF
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