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Digital Design Exploration of Nature-Approximating Urban Forest Basing on the
Miyawaki Method: A Case Study of Xingtai Forest in a Hebei Green Expo Garden
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ABSTRACT

Driven by digital technologies, urban forest development

is at its height in China. Guided by the theories of nature-
approximating forestry, potential natural vegetation and
new succession, and by the Miyawaki Method, this paper
explores the digital design of nature-approximating urban
forest by innovatively applying widely-accepted theories
with digital technologies. The paper reviews the evolution
of nature-approximating urban forest and discusses why

it is essential to introduce digital technologies into this
type of forest’s development. Based on the Miyawaki
Method, this study proposes a three-step digital design
approach to creating nature-approximating urban forest:
cognition, simulation, and construction. Also, an empirical
study on Xingtai Forest in a Hebei Green Expo Garden is
conducted to analyze the digital design methods of nature-
approximating urban forest. Steps include 1) cognition of
plants to investigate characteristics of natural communities
by collecting their key parameters; 2] construction of target
communities by simulating natural communities, analyzing
and classifying target habitats of designed communities

by relevant software, and developing type and pattern
designs of target communities; and 3) production of detailed
construction schemes by utilizing Grasshopper and Python

SHHEMR T HNER, AUBEEIEMRIS . ST to generate digital generation clusters, after which planting

G design drawings and seedling information can be obtained
by inputting values of key parameters. This method
provides a new perspective on the digital design of nature-

XHEE approximating urban forest, which helps facilitate urban

SE; SINSHE; EEAEHRN; fpReg; g | forestdevelopmentinan efficient way.
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1 Research Background

1.1 Development of Nature-Approximating Urban Forest

At the end of the 19th century, European silviculturists began to explore the
sustainable utilization of forests through nature-approximating afforestation
experiments, aiming at addressing problems caused by traditional afforestation.
Theories such as nature-approximating forestry''' and potential natural

Pl were therefore proposed, which have deepened related studies

vegetation
worldwide. Research on urban forestry and urban forests' first appeared in

the United States. According to Robert Miller, an American silviculturist, urban
forest can be defined as “the sum of all woody and associated vegetation in and
around dense human settlements,” while urban forestry refers to the cultivation
and management of urban forests'*. The Cooperative Forestry Act (1978) of the
United States clearly required to plan, establish, protect, and manage trees and
associated plants within cities, their suburbs, and towns'. Meanwhile, Japan
launched a nationwide urban greening campaign. From then the Miyawaki
Method proposed in the 1990s by Akira Miyawaki, professor from the Yokohama
National University, has been widely and successfully applied in countries and
regions including Japan, Malaysia, Italy, and China". Research has also proven
the method’s effectiveness in creating nature-approximating urban forests'*!,

By selecting native species and using “nature simulation” techniques or measures
such as container nursery, the Miyawaki Method encourages a synergy between
artificial afforestation and natural succession of plants, which reinforces the

role of nature in the later stages and establishes zonal forests with complete
community structure, rich species diversity, and large biomass at a higher

speed and lower cost”’. With proper human intervention on the environmental
conditions (such as soil amelioration), this method can shorten the succession
time by 90% by planting seedlings of dominant species in tree and shrub layers
of the climax community"”.

Studies on urban forests in China started in the late 1970s. Concepts such as

> » emerged under the influence from

“ecological gardens”" " and “urban forestry
Europe, the United States, and Japan. Along with the initiative of National Forest
City, the construction of urban forest has once again come under the spotlight
over the past few years. The initiative is to create forests in and around cities and
to harmonize the city and the nature. Along with theoretical development, the
construction of urban forest is now beyond an activity of creating forests. On the
one hand, it involves multiple disciplines, such as Forestry, Ecology, Landscape
Architecture, and Horticulture; On the other hand, scholarly attention is
growingly on the ecological and social benefits of urban forests as the increase of
severe environmental problems and people’s recreational needs'”’. To maximize
the overall benefits of urban forests, nature-approximating approaches should be
introduced in practice. This has been promoted by relevant plans in China. For
example, the National Forest City Development Plan (2018-20235) stipulated to

foster nature-approximating urban forests by prioritizing the use of native tree
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species""; Beijing’s Overall Action Plan for a New Round of Planting One Million
Mu of Trees (2019) also required to cultivate ecological nature-approximating

51 In this context, this paper aims to

forests within larger-scale green spaces
explore an efficient and applicable way to develop nature-approximating urban

forests in China, facilitating its prospective promotion.

1.2 Nature-Approximating Urban Forest Construction With Digital Technology

Digital technology, seeing a rapid growth in recent years across the world,
has been introduced in research and practice of landscape architecture as well.
In 2013, Cai Linghao first proposed the concept of digital planning and design
of landscape architecture in China, which, instead of building a “pre-designed”
environment, dynamically establishes a sound logical mechanism in an interactive
network formed by multiple systems and elements, with improved scientism.""*
Today, digital design has become a main approach to encouraging evidence-based
landscape design with diverse potential for development of the operation platform,
media, display mode, etc.

Digital technologies are also prominently contributing to urban forest
construction, such as building plant information model databases via BIM
platform"” and utilizing GPS systems for high-precision locating and digging
of tree pits. However, most existing techniques are suitable for traditional
afforestation, while little research focuses on digital strategies for the construction
of nature-approximating urban forests which faces with more complexity and
unpredictability. A natural forest community usually forms a horizontal pattern
of clumped distribution of species, i.e. individual species distribute densely and
unevenly in groups, clusters, blocks or patches'"®; Vertically, the crown density,
height, and DBH of plants in each layer of the natural forest community vary
greatly. In view of these characteristics of natural forest, the traditional way
of forest construction faces difficulties in restoring the distribution of natural
community and its low efficiency. However, digital design can construct a nature-
approximating urban forest with complete structure and functions by programing
key parameters (crown density, relative abundance, etc.) and leveraging natural
succession. In community design, massive repetitive operations and algorithmic
processes can be done through loop computation by digital generation clusters
originally built in this study. Also, community design schemes can be easily altered
by adjusting values of parameters, greatly improving the efficiency of design. This
study demonstrates how to apply digital technologies into nature-approximating
forest construction and explore relevant key steps.

Based on the Miyawaki Method""”, this study proposes a three-step digital
design approach to creating nature-approximating urban forest: cognition,
simulation, and construction.

1) Cognition of plants is to investigate characteristics of natural communities
by collecting data of parameters including species and community structure.

2) Simulation means to build target communities by simulating natural

communities, specifically, dividing the site into traditional design areas and digital

VOLUME 9 /ISSUE 6 / DECEMBER 2021



AHOCHAERL 2 3 Mgy i AR BT X0y AR IS 2680, AT BARTEVR ny 2 Bl
Wit fJa, SR AR SCHSEGHT BArkEE i ARt

3) B RIyibA i, AR Grasshopperds & PythonHIAFy #%L
FAAE G R, ARASCHESEO AR S B A] A R i 1 I 48R
ACHIARMEE CEIARRCR . FRELAARARSE ) |, SRR S, HIT
TR T

BT LART A A 2 Bl T 5 Rl B SR ARAR BB Ab it ]
TS5

2 JE AR AR BC AL B SR R

2. 1 W5t

AR5 LA A — Ak 2 odi el pig 35 14 T & AR F 5 X0 G BE AT S A
%, WFFEET I H20194E9 H £20204E7 H o TR & MOZ Gkt 14 AR 3
Mz —, BHERZA67Thm®, LIAEGT [ RBTFRAMCN Br, DURScsie
. tha L ORGSR

T & MRHBAL T AL AL HB (Jb£B39° 4' —39° 4’ | ZRZ115° 53 —
115° 53" ), L FRIEWKR BRI, 8 ARAT LA 1a) o FLF
JER L JE , W EMCE IR, M A SEACE I, b R RS ~26m, IR
J, MR FFRE, Mo, SR A Ok I R I I R A
P 26 31K, i I T 25 XU R e e Y i e - SR A4

2.2 B
2.2.1 TR TETE SR 18 2 0 i 5]

TTE F AR BOR AR T BARBEIE A BEAS T B o A 4R 3
RV AE SRR B S S HES A L B AR EA AU L . B T35
A g N TR, Sk BRI S, 752 SR Bms s
LA 1) b g5 A T R

WAL IR & 245 A T e PR &% (Jbdizee 500 —
37° 03", RZ113° 50" —114° 40" ) , J@ KATINARE, Mk
500~1 437m, J& BRI AF KRk W0 Y, 182 R R
PR, MREZL, 20 RREyE FIR AR 5 i F AR % . Jd
T A A G SR B RE & R AT L AR R T R DX L R A I
( Pinus tabuliformis ) . W# ( Platycladus orientalis ) . [EAA ( Juniperus
chinensis) . # (Styphnolobium japonicum) . JE#E ( Quercus
acutissima ) . 5tE (Ailanthus altissima ) . f4% ( Broussonetia
papyrifera) . WMk (Prunus davidiana ) %5, {350 ks FNAT; i

SVt /162 LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

design areas as required, analyzing and classifying target habitats of designed
communities by relevant software, and developing pattern designs of target
communities with reference to the key parameters of natural communities.

And, 3) construction is to produce detailed construction schemes by utilizing
Grasshopper and Python to generate digital generation clusters, after which
planting design drawings and seedling information (numbers and coordinates) can
be obtained by inputting values of key parameters. Upon verification, all these
drawings can be used to guide the construction.

This paper represents an empirical study on Xingtai Forest in a Green
Expo Garden in Hebei Province to explore digital design methods of nature-

approximating urban forest.

2 Practice Exploration on Digital Design of Nature-Approximating Urban
Forest

2.1 Study Area Overview

This study took Xingtai Forest in the south of a Green Expo Garden in Hebei
Province as the example case, and the design spanned from September 2019 to
July 2020. It is one of the 14 ecological forests in the park, covering an area of
about 67 hm” and aiming at constructing a nature-approximating forest that
could realize ecological, social, landscape, and economic benefits.

Xingtai Forest is located on the alluvial fan of the Daqing River Basin in
northern Hebei (39°4'-39°4' N, 115°53'-115°53"' E). The terrain is relatively
gentle and open, 5 ~ 26 m in ground elevation, sitting in the transitional zone
from the plain at the eastern foot of Taihang Mountains to the alluvial plain with
deep fluvo-aquic soil layer. Under the warm temperate monsoon continental semi-
humid and semi-arid climate, the site is dominated with typical zonal vegetation
species which form a warm temperate deciduous broad-leaved forest, though the

. . 20
vegetation cover rate 1s IOW[ ].

2.2 Design Methods and Process
2.2.1 Cognition: Investigation and Mapping of Potential Natural Vegetation
Species

The first step is to identify typical potential natural vegetation species, as the
prototype for the designed community. An investigation is necessary to determine
key parameters for target community construction. Since human intervention has
largely changed the natural community structure of the surrounding areas, this
study investigated an alternative area with similar vegetation conditions.

Laoye Mountain (36°50'-37°03' N, 113°50'-114°40" E) in Xingtai City
of Hebei Province is located on the western edge of Hebei Plain. Sitting at the
eastern foot of Taihang Mountains with altitudes of 500 ~ 1,437 m, it is featured
with the warm temperate continental semi-humid climate*'!. Cinnamon and fluvo-
aquic soil is commonly found there, and the species of shrub-grass communities

and secondary deciduous broad-leaved forest communities are rich. According
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to relevant documents, the dominant tree species in the plain region are Pinus
tabuliformis and Platycladus orientalis. Other common tree species include
Juniperus chinensis, Styphnolobium japonicum, Quercus acutissima, Ailanthus
altissima, Broussonetia papyrifera, and Prunus davidiana. In the mountainous
area, Pinus tabuliformis and Quercus acutissima are dominant species, and
main trees include Diospyros kaki, Diospyros lotus, Prunus sibirica, Prunus

21" of which these two

davidiana, Ailanthus altissima, and Platycladus orientalis'
types of tree species are quite similar.

Considering the similarities between Xingtai Forest and Laoye Mountain
in geography (east foot of Taihang Mountains), latitude, climate, as well as
dominant and common tree species (typical low-mountain secondary forest
vegetation), this research chose Laoye Mountain as a sample site for vegetation
investigation. Document review on natural vegetation in surrounding temples,
Fengshui Forests, as well as ancient and precious trees was also conducted
to provide a guidance for the construction of nature-approximating Xingtai
Forest.

(1) Investigation method

This study employed the quadrat survey method by selecting sample plots
in Laoye Mountain. Seven community habitat types, i.e. skiophyte, semi-
skiophyte, semi-heliophyte, heliophyte, xerophyte, mesophyte, and hygrophyte,
were identified considering sunlight and moisture conditions. Guided by
experts, the research team conducted a field survey on vegetation in Laoye
Mountain. Seven 20 m x 20 m sample plots were set for different habitat types
(Fig. 1), where each plot was divided into four 10 m x 10 m tree layer quadrats
using the contiguous grid quadrat method. Then, a 5 m x 5 m shrub layer
quadrat and a 2 m x 2 m herb layer quadrat were respectively set at the corner
of each tree layer quadrat. Investigation objects included habitats, species
composition, community diversity, and the horizontal and vertical structure of
the forest (Fig. 2).

(2) Survey result

After sorting out the data of different habitats obtained from the field
survey, the research team calculated relatively core values of tree and shrub
layers of each community to determine the dominant species and companion
species (Table 1). Additionally, projection of multi-layered crowns (especially

tree layers) was mapped to visually represent the horizontal distribution of

1. EREEREIIEVERE
2. HFHBEERARID

1. Map of sample plots for tree species
investigation

Aerial and site photos of the
quadrats

N © HNE
N
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various groups in all communities (Fig. 3).

Survey results reveal that in most quadrats, species of tree layers are richer than
that of shrub layers, while the latter contained mostly seedlings of dominant tree

species (e.g., Pinus tabuliformis, Quercus acutissima, Robinia pseudoacacia, Prunus

armeniaca, Catalpa bungei). In addition, Vitex negundo var. heterophylla and

. B DAL REAR . AL RS, ANMEAZ L BB BOMPEAER .
ARERRED, DO BT . RAST P

are the prominent dominant species.

Lespedeza bicolor in the shrub layer and Chrysanthemum indicum in the herb layer

According to the quadrat survey results, it was preliminarily determined to

introduce trees and shrubs in Xingtai Forest. Dominant species of trees included

x1: EFEMEHBEAELER

Table 1: Species of each plant community in Laoye Mountain

FARE ERE N
Be BB Tree layer Shrub layer Herb layer
Code | Community name . . " . N . .
BRiAIE L5 e =E s Gt s fEaERh
Crown density Dominant species Companion species Coverage | Dominant species | Companion species | Dominant species Companion species
SHAL AR IR (4 ) B (4 ) a5 Fie
Pinus tabuliformis Quercus acutissima Robinia Tilia tuan (seedling) Anaphalis sinica Solanum septemlobum
o pseudoacacia
Bﬁiﬁé/ﬁ ETF ﬁzk [seedling]
1 Skiophyte 0.80 ' ) 0.28
) Diospyros lotus Catalpa bungei
community
A
Platycladus orientalis
SHAL BT AR (4 ) RI% (4 ) HE =hk&3E
Pinus tabuliformis Diospyros lotus Quercus acutissima | Ailanthus altissima Rubia cordifolia Aster trinervius subsp.
FIAEREE (seedling) (seedling) ageratoides
9 Semi-skiophyte 0.75 AR 0.20
community Quercus acutissima A F BT F (48) e
Lespedeza bicolor Diospyros lotus Artemisia annua
(seedling)
= Rig FilES / BIE /
Prunus armeniaca Ailanthus altissima Vitex negundo var. Thalictrum
SpRAE B heterophylla aquilegiifolium var.
3 Semi-heliophyte 0.62 HR , 0.37 sibiricum
community Robinia pseudoacacia
AR
Quercus acutissima
AR HIAR IR (4 ) T 5% X
Quercus acutissima Robinia pseudoacacia Robinia Lespedeza bicolor Chrysanthemum Bromus japonicus
BE A B pseudoacacia indicum
4 | Heliophyte 0.75 e o 035 | [seedling]
community Platycladus orientalis
&4
Firmiana simplex
AR SHAR FilES / 5% i
Quercus acutissima Pinus tabuliformis Vitex negundo var. Chrysanthemum Solanum septemlobum
heterophylla indicum
=E:
B eaE i e #H
5 eropny ? 0.70 Robinia pseudoacacia | Ailanthus altissima 0.53 Rubia cordifolia
community

[
Ziziphus jujuba var.
spinosa
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Table 1: Species of each plant community in Laoye Mountain

FAR BAR BAR
- Tree layer Shrub layer Herb layer
Fe BRESR v v v
Code | Community name N . - . , . "
BRI RE5Fh LR =E REEFh R REEFh R
Crown density Dominant species Companion species Coverage Dominant species | Companion species Dominant species Companion species
pliiL/N % R4S+ % X =RKE%E
Pinus tabuliformis Toxicodendron Clerodendrum Vitex negundo var. Bromus japonicus Aster trinervius subsp.
vernicifluum bungei heterophylla ageratoides
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- Robinia pseudoacacia Viola prionantha
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6 0.65 0.42
Mesophyte s N4 Bith 3%
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_E15 5 tabuliformis g5 pseudoacacia = 15 5 FR
Eg R Eg 0 R Eg Robinia
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BIEF & 3. Multi-layered projection of the
Diospyros lotus 3-2 crowns in different communities
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Pinus tabuliformis, Quercus acutissima, Robinia pseudoacacia, Prunus armeniaca,
and Catalpa bungei, and companion species of trees were Diospyros lotus, Ailanthus
altissima, Platycladus orientalis, Firmiana simplex, Diospyros kaki, Ziziphus jujuba
var. spinosa, Populus simonii, Tilia tuan, and Toxicodendron vernicifluum. Dominant
species of shrubs included Vitex negundo var. heterophylla, Lespedeza bicolor, and
Clerodendrum bungei.

According to document review on the surrounding areas of Xingtai Forest, it
was found that Cupressus funebris was most commonly seen in temples; Platycladus
orientalis, Ulmus pumila, Styphnolobium japonicum, Robinia pseudoacacia, Catalpa
bungei, Diospyros lotus, Ailanthus altissima, and Populus tomentosa were the main
ancient and precious tree species”**,

It can be found that result of the quadrat survey is similar to that of the site
survey. Regarding the tree layer, this research team selected Platycladus orientalis,
Ulmus pumila, Styphnolobium japonicum, Diospyros lotus, and Ailanthus altissima
obtained from the site survey as dominant species, and took Diospyros kaki, Ziziphus
jujuba var. spinosa, Populus simonii, Tilia tuan, Toxicodendron vernicifluum, etc. as
companion species. For the shrub and herb layers, since the species diversity obtained
from both surveys was low, this research introduced species of the same family/genus
or varieties of the existing vegetation to enrich the target communities. For instance,
Vitex agnus-castus (considering Vitex negundo var. heterophylla), and Amorpha
fruticosa, Lespedeza floribunda, and Cercis chinensis (considering Lespedeza bicolor)
that can well adapt to site conditions were considered. Finally, a reference species
bank was created for target community construction in Xingtai Forest basing on both
survey results and experts’ suggestions.

(3) Determination of target community parameters

A series of key parameters to construct target communities were determined
basing on the survey results of potential natural vegetation communities. Figure
3 indicates that the overall crown densities of the investigated communities were
high, while the multi-layered tree and shrub layers had overlapped with each other.
According to the Miyawaki Method, mixed and dense planting is mainly used in the
early stage to facilitate vegetation growth and self-thinning, during which process the
dominant species would form the skeleton of a mature forest, and one third to a half
of the seedlings would hardly grow into tree layers, or even die"*". Thus, the crown
density (or coverage) for target community construction was set 1.3 ~ 1.5 times the
values obtained from the survey. Another critical step in the early stage is to control
seedling density, which is also a key factor to the Miyawaki Method. The parameter of
relative abundance was used to control the density in target communities. Moreover,
the average crown width obtained from the survey was used to simplify calculation.
To sum up, key parameters to construct target communities were species name, tree

crown density, shrub coverage, relative abundance, and average crown width.
2.2.2 Simulation—Target Community Construction

The site of this practice in a Green Expo Garden requires that the construction

of nature-approximating urban forest should be scientific and of landscape

067



AT/ 5 SCHE X AL GE T HARSS & 1 0k . HEAT I ORI AR ARy

(1) Hbsfr&RRBET

T, AR TE B A T T A I A I Pk v
RAEIAEG BT I, AT AR BT, Hak, Wit X
B, SRR S ( FBROCRAK AT, RGBT X,

BOCHRATINTS , Yl sz I 52 e s ) BH A1 HI , 7™ AE AR
G BRI FIOR FHAR S5 B2 . ARBFFEAE B R hinoceros B 1 Sunflower
AT G IREH A0, 5 Bl Grasshopper ™ i Heliotrope . ExposureZ54
PEHEAT R BHAR SRR BE AT, 255 PR A I 4 A5 3 TR BRAR R AR B
W5y, WhE HARRFdsm2eny, RIEAEREYS . RRTZEREDR . BHAEREVR I
PHAERER . eI, P ME it L IE h 3=, IR
SRR AR AN i, 25 5 B S i B R i e I 8L, 2 2R
AT, SR DABH AR Rl BHAE RO R 3 .

EmK TR REZ, WERKE . ke, TIEEEES,
A A 7 R A I 0 2 1 - SN B A TR R o3 o TE/ N R
P A S5 ST Ay v, XM T e X S b R IR 4 40 BT 5 S - 6 1
LS A < B R T3 R SIS N (E P2 L 3 A R P A2 e 27NN MO I TR 4370 N
B, WTAEREKR, Sz al#iErE, ARBFE S 2RI 13K 5
(L) (W W2 50k 5 — B B s A g dent H oK fE i, R
REBT B K, DAVEK S, GRHHL T KNG I, THIEYZENE i,
E R kR, oA MERR R, BIMYER R, DABEE) PR
B, TR K G AR KRR SR BT 0 X PR TE W) i A
IKEH BT, i = A ARV B I R T % U8
Hlt T/MaE N B EA AR, 328 & w fNG i i 22 5 T 2R
Ths WAE, AT R, TR HERR 52 AR A R 2 e A ) 25
AR . LR TR, FEARTESE D, s RS KR R B R
MR . AW Grasshopperffi - AR IRAR L 0T, HcHints
TR B AR FR R B R 3 /K A3 R 52 ma B 2R B2, Aol s A b
AR AERE . TR AR

W,-Wy =R+ 1+G6)—(T+ E,+r+B+D) (1)
GO T oM T A ISRy, s T 7R S AR

BE—— A GERAE L EBIA . B B, AR TR SR AR
B, IR e A B RN AR b SO A AR T 7 )8 A 4G

068

aesthetics. Thus, a strategy combining large-area digital design with small-area
traditional design was utilized.

(1) Community types

Firstly, road intersections and key nodes in Xingtai Forest were selected as
traditional design area. Secondly, digital design areas were delimited in accordance
with the habitat division, mainly considering sunlight and moisture conditions.

This study analyzed the sunlight durations of both sunward and shaded areas
of the site by Sunflower plugin in Rhinoceros and solar radiation intensity by
Heliotrope and Exposure plugins in Grasshopper. The results of varied sunlight
conditions then helped classify habitats and further delimit target communities,
including skiophyte, semi-skiophyte, heliophyte, and semi-heliophyte communities.
However, differences in sunlight duration were not obvious as the site terrain
was mostly shaped by microrelief, which means determining community types
by solar radiation intensity is more convincing. The results also showed that
main community types on the site should be heliophyte and semi-heliophyte
communities.

As many factors, such as precipitation, irrigation, and soil evaporation, may
affect the site’s soil moisture level, which was the accordance for the design of
community division. Liu Hui et al. attempted to differentiate wet land and dry
land by analyzing water sources and measuring soil moisture level*®. However,
this method that is suitable for habitat classification in small-scale sites may be
ineffective in large-scale urban forest construction due to the heavy workload
and weak operability. In this regard, this design studied the equation of soil water
balance (1), in which W, and W, are soil water storage amount at the beginning
and end of a given period respectively, R is the precipitation amount during the
period, Iis the irrigation amount, G is the groundwater recharge amount, T is
the plant transpiration amount, E, is the soil evaporation amount, r is the surface
runoff amount, B is rainfall interception by plants, and D is the leakage of soil
water””. In this case, variates of precipitation and groundwater recharge (due to
no obvious change in the site), and irrigation amount (due to being man-made)
were not considered in the early stage; while variates of soil evaporation and
leakage of soil water (due to the similarity of soil texture in the given area) and
plant transpiration and rainfall interception by plants (as the site was originally
barren) were ignored. Finally, surface runoff amount, the main factor affecting
soil moisture content in this design, was determined. On this basis, three types of
habitats were classified, i.e. hygrophyte, mesophyte, and xerophyte, utilizing the

Grasshopper plugin for runoff simulation to obtain results of runoff line density.
W, =W, =R+ 1+G6) —(T+ E,+r+B+D) (1)
There were seven typical community habitat types classified altogether, i.e.
heliophyte, semi-heliophyte, semi-skiophyte, skiophyte, hygrophyte, mesophyte,

and xerophyte habitats. The classification result further contributed to matching

representative sample selection and community mentioned above.
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4. Process of target community construction

Furthermore, the size of target community was set according to the commonly-
used sampled quadrat area under the concept of minimum community area. For
instance, in this case, considering that the common quadrat area of evergreen
deciduous broadleaf community in warm temperate zone is 400 m?, the community
areas in this case were set as 200 ~ 600 m***, Additionally, various community
types were designed in the same habitat to enhance community diversity. Based

on quadrat survey results, each community may adjust the relative abundance

of dominant and companion species without changing the general tree species

composition and interspecific relationship. For example, three types of skiophyte

communities (A1, A2, and A3) can be developed in the skiophyte habitats. If the

quadrat survey data indicate a more complex relationship, four or five types of

target community might be developed from the same habitat.

Upon the analytic results, target community types of a nature-approximating

urban forest were determined (Fig. 4).

(2) Pattern design for target communities

As for the pattern design for target communities, for example, the plan of a

case of semi-heliophyte community C1 is shown in Figure 5. Community C1 was
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Table 2: Components of the semi-heliophyte community C1

oy BRAE / %E e ’fES@?E FHER (m)
Laver Crown density/ Plant name Relative Average crown
Y Coverage abundance width (m)
A
N _ 0.52 3.0
Prunus armeniaca
FltR
Robinia pseudoacacia 0.26 20
IRE 0.8
Tree layer 5
AR o 0.22 1.5
Quercus acutissima
Ri&
Ailanthus altissima 0.06 20
#
AR i
0.4 Vitex negundo var. 1.0 1.0
Shrub layer
heterophylla
BIE
AR / Thalictrum / /
Herb layer aquilegiifolium var.
sibiricum
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formed by controlling the key parameters of the target community (Table 2),
which took Prunus armeniaca, Robinia pseudoacacia, and Quercus acutissima
as the dominant species and Ailanthus altissima as the companion species in
the tree layer, and the shrub layer and herb layer dominated by Vitex negundo

var. heterophylla and Thalictrum aquilegiifolium var. sibiricum, respectively.

2.2.3 Construction—Digitalization of Target Communities

Each community’s planting design drawings and related seedling
information (e.g. planting location coordinates, names, numbers of tree
species) were automatically generated by digital technology after determining
the structure and specific species of target communities. Then, the target
community information model was constructed (Fig. 4). This study
demonstrated the digitalized construction process of tree and shrub layers,
which involves more factors and considerations compared with that of grass
layers.

(1) Methods

This research combined two methods: Grasshopper, a visual programing
language from Rhinoceros for parametric design with basic instructions of
graphics and mathematical operation, and Python, a programing language that
is easy for designers to compile scripts. Advantages of such a combination are
that in complicated tasks, designers can form easy-to-understand design logic
using their own language with the help of Python that exceeds the existing
generation clusters in Grasshopper. In this way, by inputting specific parameter
values (tree names, tree crown density, shrub coverage, relative abundance, and
average crown width) with Python programming, the tree and shrub layers’
design drawings of each target communities and related seedling information
were obtained.

(2) Digitalization process

Shown in Figure 6, the first digitalization step is compiling the parameters
of each community’s tree crown density, shrub coverage, relative abundance,
and average crown width (radius) into planting function f(x) by using
Grasshopper Python Script Editor. After that, specific parameter values of
target communities were input into the model (Table 3). Then, tree species
distribution layouts of each community could be automatically obtained,
including planting CAD drawings and corresponding seedling and coordinate
data.

(3) Digitalization principle

The principle of digitalization, i.e. planting function f(x), consists of
obtaining the number of trees and shrubs, and determining corresponding
distribution layouts.

For obtaining the number of trees and shrubs, in Equation (2), (3), and (4),
a certain species’ number (N) is related to four parameters, i.e. the community’s
size (S), crown density or coverage (C), relative abundance (RA), and a species’

average crown width (P). In this practice, the number (N) of each type of tree
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(or shrub) was obtained by calculating the area of a target community patch
delimited with the enclosed boundary and then utilizing operations of Square

and Multiplication in Grasshopper and Python scripts.

Ra; =
' Nsum ( )
n
SxC=Z(n><Pi2><Ni) (3)
i=1
S X C X RA;
N; = (4)

(@ x PEXRA;)

For determining the distribution layouts of trees and shrubs, this study
first assumed that trees do not overlap each other in the same layer, creating
an ideal condition for tree growth that facilitates dynamic self-thinning with

suitable light and heat. A planting function f(x) was designed to generate tree

*3: BITEHESHERRBASLN

Table 3: Parameters of target communities and input modes

BIfRESE
24
SHEBNX BMAB
Parameters L
Parameter description Input mode
of target
community
RIFHEFR B ARREE R AR TR B R XFEN
Species name Chinese names of species in a target community Text
ARAE (C) BATHAARE, RERMERENENMEAESLS, HEaMKy | HEHEA
Crown density 100%, Value
The coverage ratio of tree canopies to the ground per unit area, as
an indicator to the measurement of tree layers; sum of the crown
density of each plant species in a given area is 100%.
=K (C) ATERE, SWHAERSHEIEI, HRYEE, NEMb EREE | HERA
Coverage ERFEROHMERNE N, AXFHNEEANZEE, BIER | Value
—hE EAERABELLE, HEBMTHBIE100%,
The vertical projection area percentage of the aboveground parts
of plants to the ground, as an indicator to measurement of shrub
layers. In this research the sum of the coverage of each vegetation
layer in a given area may exceed 100%.
HENEE (RA) KMy iz REN R BNE DL HERWA
Relative abundance | The amount percentage of a plant among all plants in a given layer | Value
Fi9EiE (P) THREHNBER, INBREENTIHER. ATESHEES | BEHEA
Average crown B, AXFHERIIFIERO—S2z— (BIEEFE) Value
width Or average crown diameter, means the average diameter of
a crown’s projection. This research takes half of the average
investigated crown width [i.e. radius) to simplify the calculation.
BEmEE (S) IEH MM BIRRSE EIBUA G LT I E R BRI Rhino iR ITHHIRE
Community size The area formed by the enclosed boundary of a target community BN 5L
Obtained the
enclosed boundary of
a certain community
area from Rhino
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and shrub planting drawings. Referring to the idea of mixed and dense planting
in Miyawaki Method, this study randomly distributed planting points with tree
species information and ensured that no crown overlap exists in a same layer
(Fig. 7). After obtaining the number of trees and shrub species, an initial point
was automatically set in the target community area to obtain the coordinate value
domain of all planting points. In the next step, values of crown width were input
from large to small (i.e. P, > P,.,) to avoid overlap. Gradually, all planting points
with coordinate value domain information, tree species name, and crown width
were determined. Then, the algorithm randomly selected a planting point for
overlapping test—Only when the distance between a given planting point and the
previously determined ones met the condition that D > P, + P, (i.e. D > 2P,) to
ensure no crown overlap occurs, could the given point be determined. Otherwise,
the algorithm would return to the list of planting points to test again, until all the
planting points met the conditions and output the tree circle (Fig. 8).

Employing Grasshopper and Python script compilation ensured the scientific
process of mixed and dense planting in Miyawaki Method, helping directly obtain
corresponding seedling information and planting coordinates of each tree species

for further construction.
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2.3 Design Results
2.3.1 Conceptual Design

The habitat conditions of sunlight and moisture of the site were analyzed in
this phase to divide habitat areas. Target community types could be determined
based on the site analysis results as shown in Figure 9.

The next step was the digitalization of target communities. The semi-
heliophyte community C1 (Fig. 10) as an example here to demonstrate the
digitalization process and the calibration of indicators. Table 2 shows that
in community C1 the tree layer was dominated by Prunus armeniaca with a
crown density of 0.8, and the shrub layer was dominated by Vitex negundo var.
heterophylla with a coverage of 0.4. Calibrated with CAD, these figures were
proved to meet the design requirements with a total community area of 507.5 m’,

tree area of 386.3 m?, and shrub area of 199.1 m’.

2.3.2 Construction Design

Detailed planting drawings could be obtained after importing all the
generated target community information into CAD. By summarizing data,
a final list of corresponding seedling with the sum of each tree species and
coordinates of planting points was obtained (Fig. 11). At present, digital
construction technology is mainly used in planting point setting-out and planting
well digging. For example, GPS positioning devices and BIM-based operating
control systems can assist in information extraction of tree species, coordinates,
specifications, and suppliers. After inputting the plant information into Autodesk
Revit in BIM displayed on a tablet in the cockpit of the excavator, the system
will control the automatic positioning and hole digging and map the location
of each digging point (Fig. 12), achieving high-precision positioning and high-
efficiency digging of large tree wells. In practice, only one driving technician is
needed to complete the construction of a large urban forest, which extremely
reduces labor costs and improves the accuracy and efficiency of urban forest

construction.

2.3.3 Management and Maintenance

At present, there have been many landscape plant databases, including
Plant Photo Bank of China, Flora Reipublicae Popularis Sinicae, and Plant
Science Image Database website. However, plant structure information model
databases that include geometric and non-geometric attributes of plants to
serve professionals and technicians in design, construction, maintenance, and

management in the whole process of landscape architecture are still absent!"”’,

This research built a specialized plant model library based on PlantFactory'”
that can display the rendering images of simulated communities (Fig. 13),

but also supplement more information including plant name, habit, seedling
source, and price that is not included in BIM platform through Autodesk Revit
(Fig. 14), improving the exchange among design, construction, maintenance,

and management"’’,
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3 Conclusions

Under theories on potential natural vegetation and new succession, and with
the Miyawaki Method, this paper explores the digital design of Xingtai Forest,

a nature-approximating urban forest. The research team first determined the
potential natural vegetation types in the site via vegetation investigation, and then
determined key community parameters upon the extracted natural community
characteristics. At the simulation stage, the overall community design combined
large-area digital design with small-area artificial design. This combined scheme
can create an urban forest with landscape effects while improving design
efficiency and reducing costs. Also, upon the investigation results of potential
natural plants, habitat type classification and target community type and pattern
design were conducted. At the construction stage, digital technology was used to
generate planting design drawings and related seedling information automatically,
facilitating the construction of target communities.

This study innovatively applies widely-accepted theories with digital
technologies in the construction of an urban forest. At the design stage, the habitat
conditions were analyzed with plugins such as Sunflower and Grasshopper, and
the target community types were identified upon the characteristics of potential
natural vegetation, ensuring the scientism of design process. After that, the target
communities were generated through digitalization by Grasshopper and Python
scripts. This design logic simulated the mixed and dense planting steps in the
Miyawaki Method. Key algorithms in varied script editors helped establish the
relationship among parameters of the target communities more accurately, thus
minimizing manual operations and remarkably improving the design efficiency.
However, high-precision positioning and efficient large-scale well digging
supported by GPS was not realized because the construction contractor was
incapable to implement digital tasks. In management and maintenance phase,
plant databases supported by BIM platform are expected to be introduced.

With aid of digital technologies and by controlling habitat selection and
ratio, the initial mixed and dense planting was realized that enhances the
competitiveness of target tree species and promotes the rapid formation of target
communities. Still, there are limitations in this research. First, simply single-
factor qualitative analysis of habitat conditions was made in this study, lacking
quantitative analysis of more affecting factors. Second, at the stage of digital
construction, though the overall community structure mimicked the potential
natural vegetation, varied tree species distributed randomly, which means
that the natural succession, self-thinning, and competition of plants before
developing into mature clusters of natural communities would possibly take
a long time. Thus, further research should focus on how to better simulate
the distribution pattern of mature communities via digital design. Also, as
this research only explored the design of urban forests and has not tested the
afforestation results in 10 to 20 years, follow-up observation and monitoring is
therefore needed (Fig. 15). LAF
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15. ERFTAMAIBEM
15. Completed Xingtai Forest

= © BN

[
T

= © BIF

o
U
N

i ACKNOWLEDGEMENTS
AAREBIRFHT, FERIRGFIE TR K ZEREREPR LR THHBERE Thanks to Cai Ming, associate professor of School of Landscape Architecture, Beijing Forestry University, for his

PEFHENES; BFZFUNRDHKERMATIBTHEANEY; BEMAaMLE

RRKETE. £SRPEENNKETATAMRARN X,

REFERENCES

guidance on quadrat survey and plant community identification. Thanks to Wang Jianlin, director of Laoye Mountain

Forest Farm, for his help in the field investigation. Thanks to Tian Zilong, deputy director of Xingtai Forestry Bureau,
and Guo Ning, chief of Ecological Protection and Restoration Section of Xingtai Forestry Bureau, for their great

support to this study.

(1

[10]

[11]

Shao, Q. (1991). A Boom of “Nature-Approximating Forestry” in
Middle Europe. World Forestry Research, (4), 8-15. doi:10.13348/
j.cnki.sjlyyj.1991.04.003

Song, Y. (2017). Vegetation Ecology (2nd ed., p. 556). Beijing,
China: Higher Education Press.

Jorgensen, E. (1986). Urban Forestry in the Rearview Mirror.
Arboricultural Journal, 10(3), 177-190. doi:10.1080/03071375.19
86.9746750

Miller, R. W. (1997). Urban Forestry: Planning and Managing
Urban Greenspaces (2nd ed.). Upper Saddle River, NJ: Prentice
Hall.

Wang, R., Fujiwara, K., & You, H. (2002). Theory and Practices
for Forest Vegetation Restoration: Native Forest With Native
Trees—Introduction of the Miyawaki’s Method for Reconstruction
of “Environmental Protection Forest (Ecological Method to
Reforestation)”. Acta Phytoecologica Sinica, (26), 133-139.

Da, L., Yang, Y., & Chen, M. (2004). The Method of Ecological
Greening and Its Application in the Construction of the
Approaching Nature Plant Community in Shanghai. Chinese
Landscape Architecture, (3), 38-40.

Guo, X,, Li, H., Yang, Y., Feng, Y., & Chen, H. (2016). Effects of
Miyawaki Forest Reconstruction Method on Forest Soil Quality in
Foshan. Journal of Northwest Forestry University, 31(6), 58-64.
d0i:10.3969/j.issn.1001-7461.2016.03.11

Lai, H., & Jin, Y. (2017). Research on Vegetation Restoration
Landfill Based on Miyawaki's Method to Afforestation.

Journal of Chinese Urban Forestry, 15(1), 16-19. doi:10.3969/
j.issn.1672-4925.2017.01.004

Da, L., & Xu, D. (2003]). An Attempt to Build a “Close-to-Nature
Forest” in Shanghai. Journal of Chinese Urban Forestry, 1(2),
17-20.

Miyawaki, A. (1999). Creative Ecology: Restoration of Native
Forests by Native Trees. Plant Biotechnology, 16(1), 24.
doi:10.5511/plantbiotechnology.16.15

Minutes of the Joint Symposium on Urban Gardens and
Landscape Plant, Academic Committee of Chinese Society

076

(121

[13]

[14]

[15]

[16]

[17]

18]

[19]

[20]

[21]

of Landscape Architecture. (1986). Chinese Landscape
Architecture, (3), 61-62.

Wang, M. (1995). The Research and Development of Urban
Forestry. Scientia Silvae Sinicae, 31(5), 460-466.

Konijnendijk, C. C., Ricard, R. M., Kenney, A., & Randrup, B.
(2006). Defining Urban Forestry—A Comparative Perspective of
North America and Europe. Urban Forestry & Urban Greening,
4(3-4), 93-103. doi:10.1016/j.ufug.2005.11.003

State Forestry Administration of the People’s Republic

of China. National Forest City Development Plan (2018~

2025] (p. 21). Retrieved from https://www.forestry.gov.
cn/html/zlszz/z\szz_5354/20190517144443289808779/
file/20190517144507877451517.pdf

Beijing Municipal Forestry and Parks Bureau. (2019). Action
Plan for a New Round of Planting One Million Mu of Trees (2019).
Retrieved from http://yllhj.beijing.gov.cn/zwgk/zdgc/201911/
t20191122_728936.shtml

Cai, L. (2013). The Concept Hierarchy and Procedure

Diagram of Digital Planning and Design for Landscape
Architecture. Landscape Architecture, (1), 48-57. doi:10.14085/
j.fiyl.2013.01.013

Lin, H., Tang, H., & Lin, Z. (2016). Establishment and Application
of Plant Component Information Model Database Based on
BIM. In BIM Professional Committee of China Graphics Society
(Ed.), Proceedings of the Second National BIM Conference (pp.
19-23). Beijing, China: China Architecture and Building Press.
Song, Y. (2017). Vegetation Ecology (2nd ed., p. 137-143). Beijing,
China: Higher Education Press.

Miyawaki, A. (1999). Creative Ecology: Restoration of Native
Forests by Native Trees. Plant Biotechnology, 16(1), 17.
doi:10.5511/plantbiotechnology.16.15

Geographical Environment and Climate Characteristics of
Xiong'an. (2021, January 19). China Xiong'an. Retrieved from
http://www.xiongan.gov.cn/2022-02/07/c_129769113.htm
Chen, Y., & Dai, Q. (2006). Analysis of Eco-functional Division
and Dominance Function of Shahe Region in Hebei Province.

VOLUME 9 /ISSUE 6 / DECEMBER 2021

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[301]

Journal of Anhui Agriculture Sciences, 34(18), 4631-4633.
d0i:10.3969/j.issn.0517-6611.2006.18.124

Du, Y., & Xie, L. (1963). Discussion on Vegetation and Its
Succession in Baoding. Journal of Hebei Agricultural University,
2(2), 91-102, 206-215.

Zhang, W,, Feng, X., Shang, L., Li, X, Yan, X., Zhang, X., & Li, X.
(2020). Analysis of Current Situation and Studying of Protection
Measures of Old and Famous Trees of Hebei Province. The
Journal of Hebei Forestry Science and Technology, (2), 46-49.
doi:10.16449/j.cnki.issn1002-3356.2020.02.014

Wang, Y., & Li, G. (2008). Preliminary Report on the Census
Results of Forest Germplasm Resources in Hebei Province.
Hebei Forestry, (5), 32-35.

Li, G., Ji, X., & Wang, S. (2007). Restoration and Rebuilding

of Forest Vegetation in Liaoning by Miyawaki Afforestation
Method. Liaoning Forestry Science and Technology, (4), 38-40.
d0i:10.3969/j.issn.1001-1714.2007.04.014

Liu, H., Wu, X,, & Li, C. (2017). An Experimental Research
Approach on Habitat-Site Design (I): Study on Habitat-Site
Types and Zoning in Urban Green Space. Chinese Landscape
Architecture, 33(7), 46-53.

Zhang, S., Ban, X., Ji, R., Zhang, Y., & Wu, J. (2010). Study on

the Forecast Technology of the Soil Moisture in the Farmland
Based on GIS. Chinese Journal of Soil Science, 41(5), 1043-1047.
doi:10.19336/j.cnki.trtb.2010.05.004

Song, Y. (2017). Vegetation Ecology (2nd ed., p. 598). Beijing,
China: Higher Education Press.

Wang, W., & Feng, X. (2019). Exploration on Modeling and
Application of 3D Digital Model of Landscape Plants. Landscape
Architecture, 26(12), 103-108. doi:10.14085/).fjy1.2019.12.0103.06
Ahmad, A. M., & Aliyu, A. A. (2012). The Need for Landscape
Information Modelling (LIM] in Landscape Architecture. 13th
Digital Landscape Architecture Conference (pp. 531-540).
Retrieved from https://citeseerx.ist.psu.edu/viewdoc/download;j
sessionid=D992F3083593F5AFAC1966F80777E4687doi=10.1.1.47
0.9995&rep=rep1&type=pdf



