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Why | become older so quickly?
Maybe because it is really the tuff work in SJTU.
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From the year 2012 to 2015 « The year of 2017 « The year of 2019
« Graduated from Beijing « After post-doctorate - Became an associate

Forestry University research in SJTU professor in SJTU —
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1.1 The main researches which | focus on

Natural

Social

Science
v

Landscape Hydrology
v

Pattern optimization of GI
Adaptability of LID techniques

Plant community design with

environmental functions

_________________________________

'+ Pattern of green infrastructure !

« Invention of LID techniques

« Top-level planning of sponge city;

« The achievements are practiced

L}
1
1
1
1
U

. in sponge city as Shanghai

________________________________

|

Urban Community

!

Improvement of ecological benefits
Recreation behaviors and demands

of residents in urban community

Science

|

Garden History

!

History of Landscape

Architecture
Culture in western

Functional conjugate in public open space and Asia gardens

__________________________________

« Plant community design with

environmental functions

« Recreation opportunity spectrum

« Ecological and recreational function

conjugate as decision basis g \

__________________________________

________________________________

« The course of History of
Landscape Architecture in MOO

O----

« Construct the virtual reality case

database for the historical

S oo = = =

landscape architecture
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Origin :
Ecological Planning of
Green Infrastructure

1.1 Site Selection and Suitability Evaluation of

e Y iy -
& E_aswppem/em /Easm'dd'e"a"/fas\t_lg:wl}rj:all ﬁillﬁg(ﬁz Green Infrastructure
TS ormitory (g

1.2 Source and Sink Process Analysis By
Terms of ArcGIS

1.3 Construction of Rainwater Source Storage

System in-Urlan-and-RuratAreas 7| [ ||
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Suitability Evaluation model for GI

S = ;VVI. x X,

The weight of landscape
connectivity is 0.3966 ,

The weight of domestic
production is 0.2622 ,
Ecological sensitivity: 0.1825
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How to construct Gl systems
by suitability evaluation?
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VLA MERGEENR | REBR/KERBFRKAREIMEX |, KXiE
SBREIRSSZ_CirRKF s KAIRIN .

Highest level | Lowest level | Average level

July~Dec. Nov.~Feb. 3.93m 1.76m 2.85m

Figl-1 Elevation diagram

iELL#A Total area: 62km?
i8t8W 46.7km? in Shanghai

FEpEFIE Annual rainfall
1019.29mm

WELLTARMAKR 5V
Water quality: Below class V

BPATE 42 /l\

Natural villages
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Figl-2 Overall drainage flow Fig1l-3 Analysis on water systems in Shanghai WSJTUJ | L



BTSSRIk ERESS (Water cycle models of sponge city)

Bio-swale

O #RIRERKIEFET Planning of water cycle model O #MEIEFEZKTERERL Planning of water cycle model

IS ISE
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o M/KASEHIHISES o MhkATEE IS h Roof Downspout Disconnection
BESET i DAL & Raingarden
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O #RIFFIEERKEFEIIPlanning of water cycle model O MENEEFEKEFRET Planning of water cycle model
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How to Solve Runoff Problems in Green Space g/

7SN
¥, ﬂéll\ R
g S

Reason 1 :

| am interested in the
history of gardens and
want to realize the
practices basing on the
researches.

Reason 2 :

Based on landscape
ecology, statistical analysis
and big data analysis
techniques might be used
to realize the practices.

b
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Changes :
==  Hydrological simulation in
Urban Communities

2.1 Ecological Planning and Design of Zingster
Street in Berlin,Germerny

2.2 Adaptative Parameters of Hydrological

Simulation model by XP-drainage B =
_/UN\T=TSJTU
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Regérrﬁckhaltebecken

Barther Pfuhl

DarRer Graben

Legend

Water
Bodies

Hechtgraben

Berl

Wartenberg, Berlin_Existing

-

The existing
pools and
channels in
Zingster Street,
Berlin.

The analysis on
existing situation
were used to
improve the
ecological
environment in
the Zingster
Street.
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Water Management Concept 1- Decentralized Greywater Treatment Plant in the Basement 0 5 10 20(m)

Scheme 1 : distributed grey water treatment
equipment located under the building

Concept 2
In Block

@
Decentralized Greywater Treatment Plant in the Countyard

|
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50% 50%
Service Water A+ Irrigation
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Greywater Treatment
(Purify and Storage)

Ecological Parking lot Rain Garden New Building Bioswale

Water Management Concept 2- Decentralized Greywater Treatment Plant in the Block 0 5 10 20(m)

Scheme 2 : distributed grey water treatment
equipment located in the counrtyard
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Concept 3

|
' Jf CICF= - |,
3 - HE »; |\ Decentralized Greywater Treatment Plant in Ecological Corridor
J - Y |
| |
|

(with Raingardens and Constructed Wetland)
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Water Management Concept 3- Decentralized Greywater Treatment Plant Outside Settlement 0 5 10 20(m)
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Treatment
Wetland Rain Garden Bioswale Ecological Parking Ditch/Trench

Water Management Concept 4-Rainwater Storage and Reuse

The rainwater was collected and purified by green Solar energy devices could be installed in the
courtyard, without the utilization of space.

roof, bio-swale and raingardens. A= T ﬂ



2.1 Scheme: Optimal Way for water Management g/

Retention Clean
onvey Evaporation

Hydrological Function

i i * Green street design scheme 1

Runoff Rate
sagma 20%
Runoff Detention Rate

inspection well oy

e = nfivation Rate - Open channel: The cost is relatively low, and easy
(o) L b 98 1 0}
PP . < o Plant Water Demand to clean, with the runoff rate of 70%, runoff
runoff P o Ll Ll 11101 10.00
Aol retention rate of about 20%, but it is hard to
mmges) 9 ) 1 3 0 1 1 31/5

promote infiltration.

Retention  Clean

Convey Evaporation
roiogion Functien « Green street design scheme 2 -
g [ R _ L
Curb nlt T 00 « Bio-swale: The cost is higher, as well as the cost of
W —— 1 1 | /00% plant maintenance, with the runoff rate of 20% and
gt e WY runoff retention rate of about 80%, promoting
drainage |C‘:s':€|/”:?| L1 1 113/5 infiltration Of 60%.

* Green street design scheme 3 -

Hydrological Function

ovaporation e - Swale: The cost of plant maintenance is moderate,
1 A 2 A —Tntion ate et 1 1
N /// Fneltbetention B with runoff rate of 40% and runoff retention rate of
overflow Infiltration Rate
S

i 4 ) T T T T T T T T W L2

R4 W about 60%, promoting infiltration of 80%. g
U

Plant Water Demand

Scheme 3: swale rainwater sewer 3 f :‘.\ lmmw | 1L L L1 1 10.50 ﬁ\w S T
R I N\T 7 J ]

Cost: €/m*
L L L L L) o8

infiltration
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» The water level of the channel will
depend on the amount of rainfall,
which will vary from time to time
in a “tidal” manner.

« This kind of design provide the
seasonal experience in Zingster.
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Fig 2-14 The new mode of transportation saves more public space Fig 2-15 Open channels lead the runoff into blue & green axis
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The rainwater storage facilities such as open channels and ecological grass gully

transfer the runoff to the accepting water lake in the community park.




What we can get? How to collect it? How to transport it? How to treat/ purify it? How to reuse it? What can we get? %\
Goal Collection Transport/ Storage  Pre- Treatment Post- Transport/ Infrastructure & Reuse Products/ Benifits
nAou #0 4 }f: o i A Service Water “
5 2 RA—>» R{> R—> — ' ( +
- o e > [ |
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n? LTI ———— v ST
s 0 a—>»
8 - e i TewT T O T
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Indoor Outdoor ~ Constructed 9 swale and (A) Service water ®

Green roof (extensive or intensive), Green fa-
cades, parking lot and
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toilet

B2=vacuum toilet .
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R omestic Heating Water Selsumiclent
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(F) Food selfsufficient
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] (G) Drinking water supply

Lo ___.]
Widely varied techniques are available to remove the fine solids, micro-organisms and
some and organic cost of the treatment process and the quality

(B) Drain to the river or lake
g
ww (@ uroan s
Family garden

® _, 66x0p GO GPGP

07 orew Jpppy
o999

o e e e S e e e e s e s
The choice of method will depend on the quality of the water being treated, the
standards expected

=
Selfsufficient
Food Selfsufficient
Heating Water

Drinking water supply

‘ o Implement Targets

(A) Water consumption

(B) Water cycle/ balance

(C) Low Impact Development

(D) Microclimate improvement

(E) Domestic Heating Water

DHW

(F) Food self-sufficient

o

=
Selfsufficient

(G) Drinking water supply

(H) Community culture
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ZINGSTER
reloaded

Zur Zukunft einer Plattenbausiedlung in Berlin
Ein interdisziplinires Forschungsprojekt

The Chinese
version of this
book will be
published in 2020.

e
[ ] 1! Architektur

Luise King Stidtebau
"Die Stadt muss auch umwelt- und kiimafreundlich d.h. nach Gesichispunkien der = w’. ke
Machhaltigkeit kenzipient und baut werden. Hierzu gahdren Fragen sinar la Bhigen en Weidinger Landschaftsarchitektur
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Systemas der Ver- und Entsorgungst " Luiss King
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@) 2.3 Challenge: How to manage rainwater in Shanghaiy/™

' o

Due to the environmental condition in Shanghai, the
applicability of storm simulation model and
parameters is limited. « Higher underwater level

« Higher utilization rate of land
« Higher impermeable area
« Lower soil infiltration rate

The key problems of storm water ,,
management in Shanghai

The rainfall accounts for about 90% of the year. The uneven
distribution of rainfall aggravates the burden of urban
drainage system, resulting in serious runoff pollution, and

WSJTUH

also leads to salinization of the soil.




@®) 2.3 Rainfall Condition in Shanghai,

Average rainfall at Shanghai area form 2005 to 2014

The average annual rainfall in Shanghai

is about 1132.9mm, with more than 70%
of the annual rainfall, which concentrated
in June to September. The average

annual rainfall is about 11% higher than  E384F (Z) FUAER (A) BEKEFESEXESHE CRE: EBSEHI0OERD
that of 30 years ago. Regional distribution of rainfall from center to suburb

wal 'WSJTUﬂ




-

The Difficulties and Needs in Shanghai
Construction of Multi-scale rainwater regulation systems

Calculate Through simulation, feedback and iteration to modify scheme and optimal layout.

e runoff ¥ z w0
before FREanEE d e
. Location of Study Area = /8 - g i
° pO”Utant Satss . Ly R il Comuaity ;;;m.lgPuDlsmct
R - AR SRR Nesi
= /o Xin Cheng Community
. . ; U ABHR E Rt Koy
3 ¢ /N

21l EYilelaM « runoff control NG s e Y ¢ Gexd i\
- 4 .\Mﬂ \ / ‘\ 2 ‘; z \:‘aﬁ/ = *%%0 0 20 10 0 50 0
o] {V[sle]i N - pollutant control 72 LAX, L e | s i 1 .

=2 5250

e

3 4500

ped Runoff for Existing Green
Space in City Center

construction

375.0

Runoff for Improved Green
Space in City Center

Time (h)

" Shanghai City 1 )
 LID infrastructures B4R ¥ Rt R

Rui Jin Community /.
 Runoff path

(Sd1) mouny
>
o
b
°

Runoff for Existing Green
Space in Suburbs

in Min Hang District /& 1\
> N

.
k(24

i\ S AW ‘\ Runoff for Improved
Lt Green Space in Suburbs

MILX #7744 X  Fang Song Community in &
# 4 #: N=62 SongJiang District w9 o 0 30 40 >0 L

Time (h)

(@e]a[oF:12-11\A * Runoff & pollutant
e analysis removal rate

(8d7) mouny

RunofY for Existing Green
Space in Outskirts

XP-drainage advantage :
* Integration of CAD
»  Clear visual design

Runoff for Improved
Green Space in Outskirts

0.0 1.0 20 30 4.0 5.0 6.0

«  Parameters is suitable for ‘ | ST .
planning and design Fig 2-17 Runoff simulation results in Shanghai /\vf\jJ—L?SJTUJ

+  Multi-stage processing mode
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@®) 2.3 Parameters Adaptability of XP-drainage

2.3.4 Parameters in Shanghai : site conditions + facility conditions

Tabel 2-1 Parameters of regular rain gardens in Shanghai

®HER~ ( Dimensions )

E7/KE (Ponding area ) 12352 ( Filter area)
TREBfre ( Exceedence Level ) - JREBIRE ( Ba‘se Level ) -
¥RE ( Depth) 200mm EWTE ( Height Above i
JEZBt5= ( Base Level ) - &1 ( Diameter) 17c1n§_
TREREFR ( Top Area) 30+10nt E# ( No of Barrels ) 1
BRI (Side Slope ) 1/4
JEEBE#A ( Base Area) 30+10nf o
i#Rts= ( Freeboard ) 210mm P s A
ﬁfg ( Length ) _ G " Base level (flter area)
JEEEBFIEZR ( Slope ) <5%
i3IERE (Filtration layers )
- z=5kes) S .
| SAEERR | EERE AV | IBEE « To develop adaptive parameters for runoff
( Filtration Layer Name ) ( Filtration Depth ) Ratio ) ( Filtration Rate )
S e — simulation mode in Shanghai;
e 0.05 30% 70 (m/d - : : .
B 05m (m/e) + A patent for rainwater regulating technique:
¢1-2cmikf 0.3m . .
555 ( Pollution ) a method for construction rainwater
SFHIEFR ( Pollution Name ) Z£B&= ( Percentage Removal )
— — regulation systems (CN201910869923.3). —
TP 45%

s/ MN\F=rsutul |



@®) 2.3 Parameters Adaptability of XP-drainage Pl

2.3.5 Empirical verification of parameters : green space in Shanghai

Table 2-2 Real-time monitoring and feedback of Gong Kang Green Space in Shanghai

No, of infrastructure Simulate the duration of overflow ( min ) Real overflow time measured ( min)
No.l Raingarden = - .
No.2 Raingarden - _  Based on the real-time
e IR INgHETden Al £ monitoring and feedback
No.4 Raingarden - -
No.5 Raingarden 1280 1020 of facilities used in

No.6 Raingarden - -

No.7 Raingarden ] 1365 Shanghai sponge city

construction, the

No.1, No.2, No.4, No.6 raingardens: the results of parameters are verified

measurement conforms to the simulated condition.

No.3 and No.5 raingardens: simulation error is empirically.
9.25% and 8.99% respectively. e The error is less than
No.7 raingardens: the simulation results showed 10%. which meets the

there is no overflow, but actually the overflow

happened in 1355 min. requirement of general

Lo oy
WAL S .
T A T e R iz
T Fih W o5 W
¥ i w .':l"]. = |
FE! o el Nl S

engineering needs.
Foundation of Drainage system in the Runoff drained to
permeable pavement urban green space constructed wetland

NT=TSJT U

N N\TF



@®) 2.3 Parameters Adaptability of XP-drainage Pl
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E

Bioswale with environmental functions  Rain garden to collect and purify ruqof_f —
/I N\I=TSITU
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3.1 LID techniques adaptive for Shanghai

environmental conditions

3.2 Invention of LID techniques adaptive for

coastal saline and alkline area
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Fig 3-2 Structure Optimization of LID techniques in Shanghai
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Fig 3-1 Regional distribution of rainfall from center to suburb
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By artificial rainfall simulation experiments, the optimized structure of green roof, bio-swale and

raingardens were proposed to adapt the environmental condition in Shanghai. o~
The achievements have been applied for 7 national invention patents and practiced in Shanghai. m SJTU



3.2 Estimation Method for Rainwater Storage Capaciif®

« Rainfall storage capacity was therefore calculated as

L= (A;*B;*H+ C;*D;*H+ E)*S;

« where, for i type of plant community, Li=rainfall storage amount (m3), Ai=annual average
rainfall interception percentage due to tree canopy density (%), Bi=annual average rainfall
interception percentage due to tree form (%), H=annual average rainfall (mm), Ci=shrub
cover rate (%), Di=annual average rainfall interception percentage by shrub (%), E=sail
water storage capacity (mm), and Si=area of community (m?2).

« The structure optimization of LID techniques

V=2L+W and green space rainwater storage capacity
W=0.5*K,*S estimation method provide support for

R=V,/(S*H)*100% Shanghai sponge city construction.
- (1)

« where R=total rainfall interception rate of a green space, Vt=annual rainfall interception
amount of the green space, Li=rainfall storage amount of each plant community,
W=storage capacity of eaters, K1=area percentage of water, S=area of the green space,
and H=annual average rainfall.

/\Vf\ﬁ&wﬂ
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Salinization of soil

In Chinses coastal areas, saline-alkali soil is widely
distributed and has long been faced with problems as
salinization of soil, high level of unground water and
single vegetation species.
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Fig 3-1 Annual rainfall regular in Lin Gang
New City, Shanghai

* As atypical coastal saline-
alkali land, Lin Gang New City
is also a national pilot for
sponge city construction. As a
result, it is urgent to do
researches and practices as
adaptive LID techniques.
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3.3 Adaptative LID in Shanghai Coastal Saline Area g/

3.1.3 Design Orthogonal Experiment

» According to relevant researches as to salt separation, standard structure of rain gardens, and
environmental conditions of Shanghai coastal saline area,

» Three variables were set up (material of
salt insulation layer A, thickness of
packing layer B, and position of salt

# /K Z200mm

i Z50mn BRA A VLE G

82 300mm 2 B A 1

I Z50mm FE

insulation layer C) for the orthogonal test. R E500mn % B R
HEZKZ300mn 210-20mmBR
Table 3-1 IEXRICHE SKFiGit EESES
/KO
Factor B Low 7T e/ AN
Level Factor A (cm) Factor C 1T U T‘i | L \ 'Q}--.‘*:f "i*-f;‘ \ : [m I\ \ |
River Between planting 7 &) L INTLY NN Y INTLY | N LLIN e
10 Planting A e e,
sand and transition layer - '
2 Zeolite 20 Between transition 7 AR .—;_'-¢— —/.—/\—7~ﬁf.-.;’;.f
and packing layer 24 [ vy
Between packing o
3 Ceramsite 30 and drainage & R,

layer

raingarden
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Fig 3-1 stand structure of

experiment
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3.1.4 Artificial rainfall simulation experiment

* Rainfall design in experiment

» According to the statics of daily rainfall data from the year
1988 to 2017 in Lin Gang area, the rainfall intensity of
16.8mm/h was carried out, with rainwater inflow as 8.4mi/s,

#/KE (15cm)

+IWE (25cmB BRFE L)

ML E (10cmi ¥, WA MR, frEARE)
HER (HRELITAH)
HOBHE (10, 20, 30cmBt RFpHE )

HAKE (10cm, © 1-2cnBhA)

#HERZE (80cm, 43K F s ¥ 5% e [X 2R 9,

(7gNaCl+2gCaCl2+1gMgC12) /Lt 7K ¥ i

HAMNEH O 2enitIHALI12A

Fig 3-4 Diagram of raingarden device for desalination

Rt, ERERRTFRE, EZBRNAY, 2omid )

* Pollutant design in experiment

According to the composition of pollutants of runoff, the runoff water
quality in the experiments was as following: COD content is
220mg/L, TN content is 7.. my L.. TP content is 1,45mg/L,

i CEC TR
AT V61 TR E I AR ST R

B it 0
#KE (15cm)
WH%E (3cm, ©1-2cnffif)

S

’ . RN e FHUR (25cmid R A L)

R 2 (10cmFl ¥, Wb PR, OB AE)
LR (PR LT A
HOEHE (10, 20, 30cmB RFMHLA)

e HAKE (10cm, ©1-2emBRA )
- D 200mmdT FLPVCHE A B

HhBZE (30cm, 43R E I AR X 2R
Rt, FNARATE, EBRAD, 2omid §i)

%D 200mm{T FLPVCIE K

o.~..+.,,.w.o..u....:....,.,.ﬁzka
} _r 4—6_4 “ |

- SIN\T==suTull L

Fig 3-5 Diagram of raingarden device for runoff quality simulation



Process of experiments
2017.11- 2018.08 , during for 10 months
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@®) 3.3 Adaptative LID in Shanghai Coastal Saline Area g™

3.1.5 Methods of data collection and analysis

Referring to the indoor soil column test and key indexes of the hydrological characteristics of
rain gardens, the following indexes were selected as the salt-proof rain gardens.

Table 3-2 Indicators and methods for experiment

Indicators

Measure methods

Salt isolation
characteristic

Salt in soil

PET-2000 soil active meter

Hydrological
characteristics

Runoff delay time

Total runoff reduction
rate

Permeability

Water storage rate

In the rainfall simulation experiment, to record the time when runoff peak arrived.

The ratio of the difference between the total input water quantity and the total
output water quantity and the water quantity q is calculated

The infiltration rate of runoff relative to saturation was calculated.

Calculate the difference between the total inflow and outflow, when runoff is.
Relatively saturated. And then, calculate the radio of that to the volume V of the

device.

Water quality
characteristics

COD reduction rate

TN reduction rate

TP reduction rate

Rapid digestion spectrophotometry
Ultraviolet spectrophotometry for alkaline potassium persulfate digestion

Ammonium molybdate spectrophotometry
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3.1.6 Results of Difference Comparison by T, Variance and HSD Test
3.1.5.1 Influence of rain garden structure on salt isolation effect
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Fig 3-6 The salt content of planting layer under salt-returning condition Fig 3-7 The salt content of planning layer in

different level
- Salt insulation effect: rain gardens with salt insulation layer>the one without that
NTF=TSJT U

» The salt layer is made of zeolite, which is located between the planting layer and the ﬁ
transition layer. The thickness of the packing layer is a structural parameter of 10cm.



3.3 Adaptative LID in Shanghai Coastal Saline Area g/

3.1.5.2 Influence of raingarden on runoff hydrology Table 3-2 Comprehensive evaluation of rainwater regulation

The score
PO Levdl Total avve‘ll'glgeh Eigre
Delay time reduction Permeabilit  Water g
of runoff rate y storage rate
= b Significance
E proportion 100% 100% 100% 67% —
= 7% Material Of s mm o o o o o o o o o o o s o o s o 1
= % v AF1 salt isolation Iil\_/eis_agd______l _______ SIS S S L
2 % 5 K2 layer Zeolite 5 1 5 3 325
g é 8 K3 Ceramicite 3 3 3 1 2.42
= / Significance o o . .
= g et
- % Thickness of | 10cm 1 1 1 5 150 !
ki I
% PasEnE 1 20em 3 3 3 3 151 !
e L L T T T rrrr’rrr’T'’“YT’T'’''’’'T’'T’’'’'’mmmmrhhmmee -—
% 30cm 5 5 5 1 1.51
= == = Signifi
ARREMHE  BEBEEEE  cRHELE ;fg;;ﬁgﬁe 67% 34% 67% 0% -
_ _ _ I Between  ____ooTTTEEEEEEEEEEE H
Fig 3-8 The delay time of runoff peak at different levels of each factors | planting and 1 5 1 5 0.76!
) _ _ _ ) |tran51t10n layer :
It is recommended to use zeolite as the material of salt insulation layer, Lfcatlim of S Between T TTTTTTTTTTTTTTTTTTT T
. . . . . salt isolation .
the thickness of the packing layer is 20-30cm, and the salt insulation packing and 5 3 3 1.60
P g lay dra
. . . f rainage s
layer is located in the salt-proof rain garden between the packing layer Betwein J Al \_ﬁ SJT U
and the drainage layer to deal with the hydrological problem of site drainage and 3 1 5 1.43

N ArEYaY a3 saline layer
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@®) 3.3 Adaptative LID in Shanghai Coastal Saline Area g™

3.1.5.2 Influence of rain garden structure on runoff quality

L0000 Ko 1 i i 1 100.00% - 120.00% -
90.00% - : ; :b ° - at} a: :}: " b 90.00% - F-| abra-= ra-= ab
Y 17 o | 100.00%4 7.1 b |
so.oo,‘.i I/ , / I I% ne |
70.00f~ :% % % § 70.00%,« I L 80.00% - :% o %
60.00% - I/ / I 4 AF1 >~ 60.00% 7 XF1 - |/ / :
50.00% - I/ / 3 50.00% - ’ 3 60.00% h %
% / / hF2 & GuSs Rt i
40.00% I/ % - = 40.00% S - ‘ l/ % .
30.00% - :% % JaE E 30.00% W ¥s o 40-00%- :% %
o0z | | °.” a : :
‘20.00,54 I% % zo.oo%f 20.00 :% %
10.00% - :/ / 10.00% - 7 |% % :
0.00% e e 0.00% A s 0.00% e *
AREEHF B EFERK mfEe ARBEHN | sBNERE | CRARGE AREEHE B HREEE
Fig 3-9 COD removal rate of each factor Fig 3-10 TN removal rate of each factor Fig 3-11 TP removal rate of each factor

Note 1: a, b and c are the classification results of HSD test method;
Note 2: the levels 1-3 in factor A are: river sand, zeolite and ceramsite, respectively. Factor B: the level 1-3 of packing
thickness are 10, 20 and 30cm, respectively. In factor C, levels 1-3 in the salt layer are between the planting layer and the
transition layer, the packing layer and the drainage layer, and the drainage layer and the saline layer, respectively
Considering the structural parameters with strong ability to improve water quality: river sand is used as the material of salt

insulation layer, which is located between the packing layer and the drainage layer, and the thickness of the packing layer is 30cm.

The salt barrier packing with the best comprehensive capacity is zeolite and river sand. The thickness of the salt barrier layer i
Th I I I he filling | h I A~
30cm. The salt barrier layer is located between the filling layer and the drainage layer. VA RN —2 N U



B 232 b 2R AR

W HFA U

iﬁr‘ﬂ 2z~ \

X
0, 005 500 5 908 290 9584, LR G
%

—— & 7K)Z150mm

—— 78 % 22-5mm AR A ECEHLE S
—— FhE E200-250mm £ [ FhAE 1
—— FEEEZ100mm #2—-4mmidh A

LY E50mm HRb

—— 1R 100mm 2 R FhAE 1

—— HEKZ100mm @ 10-20mmAR A
—— R 1I55E, L ARH>0.95

Y i 1]

o Y

e -
o e

S

2 2 R
i
3\\“\//:\//\\‘//‘//‘//\\//\-?}/
, 2 /}g\ Z

AR

Fig 3-12 Structure of strong salt-isolated raingarden

» Close to the hard paving layout

» The existing road infrastructure and vertical water supply and drainage design are planned according to the

_/IN\T=TS

current situation

» An opening is set at the tooth for drainage
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Fig 3-13 plan of street green space with strong salt-
isolated raingarden
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Fig 3-14 Rending of strong salt-isolated
raingarden
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moderated saline-alkali areas with light pollu
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Fig 3-15 Structure of salt-isolated raingarden for water regulation Fig 3-16 plan and rendering of salt-isolated raingarden in the public parks

» Use the vertical landscape design of the park
« Combine the existing rainwater facilities in the park

«—Combined with other water landscape design VA RN nt SJTUm
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3.1.8 Salt-isolated raingarden for purification——suitable for moderate

— & /KJZ150-200mm
i 5 )2 2-5mm W Bz B A }‘\/ AN

— FhiEJ£200-300mm g+ SO _

— 33 E50mm 3% K+ T A EL b =3

saline areas with severe runoff pollution

— JURHZ300mn i+ o AL PN
— F@£5Z100mm ¢0. 25-0. 35mm{a] 7> AN

" — HEK)Z100mm #10-20mmff A1 VMK@
B2 i b — FEFE, FLRE>0.95 e I

R GERD

Y L 1]

Fig 3-17 Structure of salt-isolated raingarden for purification Fig 3-18 Plan and rendering of salt-isolated raingarden used in parking lots

» Ecological parking lot is built with permeable pavement
» According to the current drainage slope and direction, choose the location with large flow

« The diversion pipe is used to assist drainage A RN =d Il ﬂ



3.1.9 Comprehensive salt-isolated raingarden——suitable for moderate saline-

alkali areas with heavy runoff aﬂd serious pollution- = = - :
—— W #E2-5nm R ERERA L N o R M - 3

— A E200-300mm Fii 1 EoHE @ |

— 1 JR50mm iZEK L TATE D A YRy e . AR RPN TN

—— HUEHE300mn Fid -+

—— BB ELZ100mm @ 2-4mmi#h A4

— $E/KJZ100mm @ 10-20mmAf A

B ¥5 375 P Eh R —— R, FELARE>0.95
BRA GERD I

» The site selection takes into account the location and drainage slope of road Fig 3-19 plan, structure and rendering of comprehensive
—" salt-isolated raingardens in residential green space
square, building roof and green land

» |tis at least 3m away from the building foundation. Residents are protected

* Connectivity to building downpipes and roadside infrastructure
Y e N\ TG==rsutull ]

« Coordinate with other low impact facilities in the residential area



» Through the sponge construction in Shanghai, such as dry stream, rain garden, constructed wetland, water storage module

and permeable pavement, the environmental condition has been improved.
» SLID techniques are constructed as a complete rainwater management and ecological purification system.
- When it rains, there is no residual rain on the ground, which effectively reduces the water accumula@/ﬁ?@@@g@gg}@g’,@qﬂd

also reduces the environmental pollution caused by the direct discharge of road sewage.
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Interception & infiltration of
plant communities

4.1 Selection and application of plants with environmental resistance
4.2 Prediction model of canopy rainfall interception ability
4.3 Relation model of infiltration capacity of rainwater in plant roots

4.4 Improvement and effect evaluation of soil in LID facilities
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Fig 4-2 Raingarden for runoff purification  Fig 4-3 Comprehensive raingardens Fig 4-4 Plant selection and desig%{@W@tﬁw lation
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DECIDUOUS CONIFEROUS TREES
EVERGREEN CONIFEROUS TREES
EVERGREEN BROAD LEAVED TREES
DECIDUOUS BROAD LEAVED TREES

DECIDUQOUS BROAD LEAVED TREES
EVERGREEN BROAD LEAVED TREES
EVERGREEN CONIFEROUS TREES
DECIDUQOUS CONIFEROUS TREES

TR 20

*The water storage per unit leaf area and leaf area index of coniferous trees were relatively high,
indicating that the rainwater storage potential of coniferous trees canopy was also the largest.

Although the rainwater storage amount per unit leaf area of broad-leaved trees was higher, the
average rainwater storage amount in canopy was lower than that of shrubs due to its lower leaf

area index. Herbs have the lowest ability to store rainwater. Y
. e=rsrullL



Table 4-1 Perdition model of rainwater interception capacity of trees in Shanghai

Eur J Forest Res

» The rainwater storage

Table 3 RIC predicted moedels and sipnification testing results of landscape trees Capacity of can opy of

Species Medels K F Sig. F & Sig.a Sig kb Sig e Sig. d common garden plants in
BtE C. camphora RIC — 1939DBH*? x & 05960 79342 0000 0.824 0002 000 - - Shanghai was sorted and

D. racemosim RIC — 2.782H% 0w 02% « 02239 31400 000 0787 00 - 000 0.014 a mathematical model

L lucidion RIC — 0.3513Cw 3% x 04678 30731 0O 0631 0002 - = 0.000 .

M. grandifiora RIC — 3290H 20w » 0.8405 19961 OCCG 0701 0046 - 0038 0.000 was proposed to predict

0. fragrans RIC — 0.6170H%% x 02095  67.810 00O 0781 0049 0000 - - the rainwater retention

T, fortunet RIC — D% 0y 05 k 04228 479461 OCCC 0982 - 000 - 0.028 capacity of canopy plants.
BitD K. panicwdain RIC — 0.2108DBHY** x ¥ 04315 26112 OO 0592 0006 000 - -

A palmation RIC — 0.4453DBHY™ x k 02898 95311 0OKKG C.88C 0G0 0000 - =

B. ihunbergii RIC — 0.1624DBHOA¥HASy 0% » ¢ 02598 14886 0G0 0736 0001 004 0011 0020 Jiankang Guo, Binggin Yu,

G. biloba RIC — 0.13B9DBH 20w %7 x k03385 13828 0000 0722 0001 0002 0012 OO Yuan Zhang, Shengquan

M. alba RIC — 0.6447Cw 3% x 03840 38362 0002 0536 0045 - = 0.000 Che. Predicted models for

P. acerifolia RIC — 0.5764H%% x k 0.5788 46591 0O 0721 0023 - 00 - : .

. potential canopy rainfall

P. lannesiana RIC — ¢.59S1DBH? 345953 » 03996 46654 000 €838 0018 ©COS 0010 - : : :

Z schneideriana  RIC — G3938DBHOZUCH07 » i 0.5721 2709 OGO 0772 0607 0046 - 07 interception capacity of
Cen C. desdara RIC — 0.3144DBHY x 11781 9048 0000 0804 0000 0000 - - landscape trees in Shanghai,

M. glypiosivoboides RIC — 0.SO66HYME x k 08740  S1029 OGO 0739 0017 - 00 - China [J]. European Journal

P. macrophyllus ~ RIC — DBHYS2 x x 03905 136291¢ GGG 0985 - 0O - - of Forest Research, Vol.136,

Issue 2, April 2017.

RIC 1s tree canepy rainfall interception in mra. DEH is diaraeter at breast height in cm. H represents height of tree in m. Cw means crewn width
in 1, and X 1s per undt leaf area vater storage ability in rata

wal WSJTUﬂ
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Fig 4-6 The normal distribution test of tree DBH, tree height
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, crown width and leaf area index

* When the value of a, b, ¢, and d
were identified, formula (2) could
be logged by Formula (3), and
then with RIC. from formula (1),
the predicted model could be
expressed as:

S=aDP HcCw“*k
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* Vertical structure of stratified mixed plant communities

Rainfall
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Tree roots were eradicated using the TreeRadar system (TRU) developed by TreeRadar, inc., in
the United States. Through Roots radar, the data of root number and distribution location can be
obtained, and the root density at specific points can be calculated, and the spatial distribution
characteristic diagram of the whole root can be generated.

Roots ground penetrating Scanning radar Field data manager

radar vehicle

WaaN—utif
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When sampling, the surface ground was removed first, and the center of the tree trunk was taken as the
center point, at a horizontal distance of 1m from the center of the tree. In the process of sampling, ring
cutter (100cm3) and soil drill were used to sample soil layers of 15-30cm, 30-45cm and 45-60cm

respectively in a vertical downward direction. Unmodified soil from each soil layer was taken. Three
duplicate groups were taken for each sample.

Ay V4" 4 { {4 SRl {
TR A WL HN LN A
. 4 \ A1 N TR

Deep soil is taken with a soil drill Soil auger Soil drill

and ring knife aaN—«
and ring knife 7/ I N\FT=TSJTU ﬂ
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(B) Experimental design of tree root measurement using Tree Radar Unit
Depth Slice Depth Slice Depth Slice Depth Slice Depth Slice
surface to 15cm 15¢m to 30cm 30cm to 45¢cm 45¢m to 60cm > 60cm

surface } surface I
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(C-1) Sample plots selection and delimitation (C-3) Data processing and analysis

(C-2) Data was detected and recorded by Tree Radar Unit

C. camphora

M. grandiflora

P. orientalis

(A)
Horizontal type

E. decipiens

K. paniculata

L. lucidum

\ .\ N /|
S e 0 PP o W
R, N
Slagile= 4 RN =
i >7" \\< ©)
Intermediate type

Three - dimensional and sectional
images of roots were obtained by ground
penetrating radar.

The differences in root distribution
characteristics of trees significantly

affected the water holding capacity of soil
Legend samples under different trees.

Root system in soil depth slice from surface to 30 cm

Root system in soil depth slice from 30 cm to 60 cm

Root system in soil depth slice deeper than 60 cm

Note: The effective length of horizontal axis of the above images is 8
meters, and the length of vertical axis is slightly different due to the
fact that the detecting depth is affected by soil texture, but all detecting
depth is between 70 cm to 100cm. The scale was various for horizontal
and vertical axis, to present arbor root system features clearly.
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; (A) The relationships between root densities and initial infiltration (B) The relationships between root densities and steady infiltration
Root density (number / m)
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Fig 4-7 Changes of root density in vertical direction of roots Fig. 4-9 Regression relation between root density and soil total porosity, as well as non-capillary porosity.



Fig 4-10 Plant design for high trample frequency

Tl RELVRE A [ IR s A3

Fig 4-11 Plant design for low trample frequency

Fig 4-12 Plant design for square

According to the model of the relationship between plant roots and soil infiltration of common garden trees in Shanghai;

The impermeability of rainwater in the root system of common trees was sorted, and the plant communities with
environmental functions such as impermeability were constructed.

YuB Q, ChenY, LvY P, et al,. Effects of tree root density on soil total porosity and non-capillary porosity using a ground-penetrating Tree Radar

Unit in Shanghai, China. Sustainability, 2018, 10 (12): 4640

e
YuB Q, ChenY, LvY P, et al,. How to calculate stormwater management and storage capacity for urban green space: a multidisciplina ﬁ\f[ dsJTL?SJTU
used in Shanghai City. Shanghai Jiao Tong University, 2018, 36(12): 234-243.
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Treatment 1: add 15% peat by volume
Treatment 2: add organic fertilizer by volume ratio of 1
Treatment 3: add volume to 11% of gypsum
Treatment 4: add 15% yellow sand by volume
Treatment 5: addition of sludge by volume ratio of 159
Treatment 6: add 10% coconut bran by volume p
Treatment of 7:4% sand, 6% peat, 2% organic fertilizefssipés
2% sludge, 2% coconut bran K

Control 1: saline-alkali soil
Control 2: original planting soil
Control 3: inorganic light soll
Control 4: organic medium soil
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Fig 4-15 Analysis on soil organic matter 71 &2
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Fig 4-13 Comparative analysis of total

salt content
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Fig 4-17 Analysis of runoff reduction rate 7T ELTHHE Fig 4-18 Influence of soil on plants
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Fig 4-16 Analysis of soil permeability
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@®) 4.4 Improvement of saline soil in LID facilities -~

Table 4-1 Index of soil salinity Table 4-2 Soil organic index
Total salt Soil Soil fertility (mg/kg)
Groups (g/kg) pH value Groups  organic y mems
" . 0 (g/kg) P K N
eroup 10.2 0.69 1 18.0 16.2 170  156.9
group?2 7.4 10.59 2 116.1 153.1 1740  126.5
3 112.9 127.0 124 159.1

group3 12.6 W0.71 4 138 491 1.0 622
group4 110.4 40.23 5 133.7] 1494 1181  [129.2

oubS5 16.4 0. 6 1273 107 [1975]  l64.6
O ¢ e 7 T18.5 T18 17198 144.4
group6 8.0 1/0.93
group? 9.9 40.72

After adding different media, the saline-alkali content of saline-alkali soil was improved,
and the pH value of soil tended to be neutral.
The elevation of soil organic matter content is arranged in the order from high to low:

Sludge > coconut bran > mixed soil > organic fertilizer > peat. aaN—a3nt )
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Table 4-3 water quality of sludge

3
Sample Cadmiumi Mercuryi Arsenic  Copper Lead Chrome Zinc Nickel
P mg/L ! ug/L ' ug/L mg/L mg/L mg/L mg/L mg/L
| 1
Sludge <0003 | 028 i 20 <0005 <003 <0003 0082  <0.009
1 |
| |

Sludge water samples are rich in organic matter, but also prone to contain the natural environment
and harmful to the human body of heavy metals, such as mercury, clamp, chromium and other
substances. The discharge water sample flowing through the sludge medium was taken out and tested
for heavy metals. The results are shown in the table above. According to the GB/ t114848-2017
groundwater quality standard, the effluent water is only type V water, in which the mercury content
exceeds the standard. Therefore, if the sludge used in the experiment is used, purification treatment
should be carried out.
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AL df 20 F
ZH 8] 119.769 10 11.977 37.515
HN 7.024 22 319
58 126.792 32
BFEARFREG EHHN
AL af 20 F
ZH [a) 46.076 10 4.608 370.859
HHN 273 22 .012
B 46.350 32
BFERBREG EHH
I Al af 2V F
2 [a) 769 10 .077 23.073
HN 073 22 .003
S .842 32

According to the results of variance analysis, the significance of the change of medium soil was less than 0.01, so it could be
seen that the change of medium soil had a significant influence on the growth of plants.
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4.4 Improvement of saline soil in LID facilities

Table 4-2 Effect of soil on hydrological and water quality characteristics of rainwater

Function
Total salt ( g/kg )
PH value
Soil organic ( g/kg )
P ( mg/kg )
K ( mg/kg )
N ( mg/kg )
Delay time of outflow ( min )

Runoff reduction rate at peak flow time

(%)

Runoff reduction rate in the first 1 hour ( % )

Infiltration rate ( m/s )
COD of outflow ( mg/l )
TP of outflow ( mg/l )
TN of outflow ( mg/l )
SS of outflow ( mg/l )

Control Groups
13.4

8.77

6.7

9.1
204
3.37

95

72

56
5.8E-07
29
0.14
41.3
<4

Yellow Sand
3.0

8.54

4.6

8.9

123
3.08

43

87

76
3.3E07
28
0.1
6.6
<4

Expected effect

Reduce 77.6%
Reduce 2.6%

Reduce 31.3%

Reduce 2.2%
Reduce 39.7%
Reduce 8.6%
Reduce 21.8%

Increase 15%

Increase 20%
Reduce 43.1%
Reduce 3.4%
Reduce 21.4%
Reduce 84.1%

P

Purification of salt-
proof medium soil:
add 15% yellow
sand

Integrated salt-
proof medium soil:
add 15% peat
Salt-insulating
medium soil: add
4% yellow sand
+6% peat +2%
organic fertilizer
+2% sludge +2%
coconut bran
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In my opinion :

The green space is a part of
ecosystem, and it has significant

value on rainwater

infiltration and regulation.

iInterception,
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