Zlelona infrastruktura, infrastruktura
srodowiskowa, sieciowanie
rozwigzan opartych na naturze w
1stniejace] tkance miasta (rozne
rodzaje przestrzenti).

Wyktad 5 - NBS




https://www.iucn.org/commissions/commission-ecosystem-
management/our-work/nature-based-solutions
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https://www.youtube.com/watch?v=qRzRXUTkgP0&t=10s
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BILAN GLOBAL RBC con
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ENERGIE CHALEUR
?
20.838 GWh ? GWh
2 mt‘%l.P’l‘l;Aﬂon CAPTAGE
u ]
EAU
o~ 369 10° M?

MATERIEL
184, 922 kT*

D & MATIERE
. ET PRODUITS
e L T

CONBOMMATION  TRANMT

FLUX ENTRANTS FLUX INTERNES RBC

The Urban Metaholism of Brussels, Belgium
TRANSITIONING TOWARDS A MORE CIRCULAR ECONOMY

https://ecocitybuilders.org/the-urban-metabolism-of-brussels-belgium-transitioning-towards-a-more-circular-economy/

FLUX SORTANTS




Projektowanie a adaptacja.



PROCESS

/” LITERATURE "\

/" REVIEW
/" CURRENT
EFFORTS

/

https://www.asla.org/2020awards/798.html

” INDUSTRY
STANDARDS

/

\

No Way
to Measure
No Clear
Guidance
.
| No Clear

Communication/
Multiple Efforts

1

= "N
Beta Landscape
Carbon Calculator

-1

Design Toolkit

Climate
Coffee Club

and begin process again

Case
Studies

Collaboration

)

Conferences, Calls, etc

Pathfinder App

Climate Positive

Design Challenge

Landscape
Climate Alliance /
Advisory
Partners

Advocate +

Volunteer

Climate Strike

Climate Action Plans
Climate Council
Climate Committee
Nonprofit Collaboration

Collect
( ) Feedback

Communications
‘ Campaign

Launch/PR
Podcast/Radio
Social Media
Blog
Suggestion Box
Webinars
Magazine

‘ Getting Out There

Conferences
Universities
Agencies
Non-profits




COLLECTIVE ACTION
Multi-disciplinary, multi-firm team

Over 40 individuals
and 23 organizations
from 5 different
countries for

ONE CAUSE

TECHNOLOGY App, web, and data experts

©29€0

https://www.asla.org/2020awards/798.html



CLIMATE POSITIVE DESIGN CHALLENGE

Improvements to case studies informed initial project targets of:

years to
climate positive
parks, gardens,
campuses, and
hospitality

years to climate
positive plazas and
streetscapes

If we meet these targets on all projects

worldwide, we could sequester more Go BEYOND
carbon than our projects emit by NEUTRAL.
2030 and by the year 2050, remove 1 BE CLIMATE

gigaton of (?OZ from t.he atmosphere POSITIVE!
beyond project emissions.

https://www.asla.org/2020awards/798.html
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BACKGROUND: Serious particle pollution

Developing countries all over the world are at risk from particulate pollution

Hainan
Henan

Fujian

Tianjin

Beijing

) Shanxi
Around } o Chile \
epge : |
4.2 million S —
people die each year worldwide :
from outdoor ambient air pollution 1
Over ! oo o
\ Shanxi
91 % ° \ ®o% Lo
people worldwide live e “ 00 e
where air quality exceeds standards \ Qo c
Anhui
Xinjiang <=
Jiangsu
-------------- Hubet====""""
Chonggqing
Hunan

Ningxia

Jiangxd Sichuan
Liaoning

Pollution statistics from 2016~2018 in 30 provinces of China

https://www.asla.org/2020awards/466.html

PM2.5 and PM10 are the major pollutants exceeding standards in China

Yunan

Guizhou

Inner Mongolia

Qinghai

Guangdong

Hellongjiang

Zhejiang

-
B

-
_ -~ TGansu

Guangxi

Jilin

WHO Standard

Shanghai

10pg/m? "
WHO Standard
20pg/m’ PM10

Concentration of PM2.5
—2016  —2017  —2018
Concentration of PM10

w2016 —2017 2018



RESEARCH QUESTION: Green infrastructure reduces particulate matter

Significant effect of plants on particulate matter PM2.5 emisions and urban green infrastructure reduce PM2.5

Urban airflow

Q

Deliquate

0 Total green space coverage(%) = Exteral feication(f) + +
- _— - = T ~
§ $ g ¢ 2
5 5 H . 2 § ke
g 4 g 2 g
§ § € E §
¥ ¥ ¥ 3
S S g S - 2 )
c 7‘4 250 _7 - o >
2 g § 2 Urban Green Corridor
w w : “w w -
& o g . o Country wetlands
£ F + + £
A\ 4 A 4 v v = A 4 ’
Urban green spots
I .Developed roots promote 1.Plant secretes mucus to 1. Photosythesis absorbs carbon I .Plant shelterbelts reduce the I .Transpiration consumes heat
Soil conselidation and remain captures particles, as organic and releases oxygen. range of wind impact. and increase water to alleviates
lots of hameful heavy metals. acid. volatile oil . I1Plant absorbs sulfur . fluorine  II.Plant friction and screening heat island effect.
I.Dense leaves intercept dust.  II.Plant fluff collects particles. to participate in metabolism processes break down air flow  II.Plant increase air anion to clean

1I.Rough branches intercept dust.

by stoma .

https://www.asla.org/2020awards/466.html

and promote particle depositon.  air.




METHODS: Research scale

We focus on the block-scale based on the following reasons:

1.Basic unit 2.Effectiveness

Integrating urban green infrastructure
at the block scale can be effctive in
achieving PM2.5 mitigation goals.

Block is the basic unit of urban space,
function, and management.

https://www.asla.org/2020awards/466.html

3.Different concentration
The PM2.5 concentration in different
blocks of the city fluctuates between
about 80% and 120% of the overall
urban pollution level.

. 110 wp/m’
qingshan.ganghua station

100pg/m*
hankou,huagiao station

88pg/m*
wagnlngz:y' ang $tation

Joewiee 99 103 1 PMR.5 concentration
293 o 10%. 107 oo 2

O 9 W e 10m.114 B l»A—-W'ﬂ'
87 ne

4.Research Gap

There are more macro research on
green infrastructure, but less re-
search on micro block scales.

Micro
Green infrastructure

Macro

Meso




METHODS: Research route and key technologies

Research route

This design uses a variety of technologies, which are scientific and innovative. There are four stages of research: data source, data classification, and finally analysis of the data to practical application , which contribute to the

reduction of atmospheric particulate matter at the block scale.

Phasel

Data sources

Data classification

Phase2

Phase3 _Phase4
Data analysis ractical application

HD remote

- sensing
image

© PM2.5 data
~ Monitoring

‘.. stations

Remote Sensing Image Interpretation
Vegetation Index

It can convey geographic information and
interpret image content

https://www.asla.org/2020awards/466.html

Gl (Green infrastructure)
Gl quantity

(coverage/3D greening)
Gl pattern

o

PM2.5 Data

Absolute concentration
Relative concentration

¢ | Discuss 2

| Green infrastructure
- | patten and PM2.5

Normalized Difference Vegetation Index
(MSPA)

It can eliminate irradiance and in dicate
changes in vegetation cover




METHODS: Research sites

—e— Hefei —«—Shanghai Nanjing —e— Hangzhou Wuhan
50

=1
90
80 L- p R RISES o A
= 1 2] \ P
g » J‘ \\’,JH \\ h \:\ J Yangtze River. } IC"
2% \ i i /M 4 Wuhan il \JidngHKan districtsov = a3oav).
250 } . oy o o Lot
3 40 § 1 > )
¥~ \ b
ol
z zo ]
D10 ay
i l 7
0 1 2Motn QEER T (7 Upper reache: i : L Lower reaches
: ‘ i - Why do we choose these five megacities? R P Teochee - gt
3 ket £ Shgiat” B ooy W Hamgzhou 8. Whikian Five megacities have many similarities :
Five cities are characterized by hot in summer and cold SITE: in the middle and lower reaches of the Yangtze River POPULATION: more than 8 million TOPOGRAPHY: flat topography
in winter. Low humidity in winter and spring. AIR QUALITY: severe atmospheric pollution CLIMATE: humid subtropical climate FACILITIES: more air quality monitoring stations available
Days of different polluted levels of five cities in 2017 Location of air quality monitoring stations N i
. . buit-up area
'g 250 - In China, neighborhood is usually defined as a built-up area with an area of 1km 2 Accordm?Kmm sampling A @ Monitoring atations
2 ~ O Hefei area is defined as the area within a grid centered at a monitoring station, with a side length o HF1 Sample number
g w0 5-shangha Hefei (HF) Shanghai (SH) Nanjing (NJ) Hangzhou (HZ) Wuhan (WH)
2 1% 8 Nanjing &, S 3 5 > > ~ R
.8_' (] Hangzhou -
& 100 | Wuhan
= : .
<~ ol (LA 0
8 ] s — L UDDB [ =TT,
g EXcellent  Good  Siight polkution Moderate poltution Heavy polktion
Facing serious air pollution, such as PM2.5, PM10, CO.

https://www.asla.org/2020awards/466.html



METHODS: PM2.5 data sources

PM2.5 data sources and reliability

[

¢

0
9
0

National environmental air quality monitoring stations are
the highest level of environmental monitoring stations.

Using B-ray method, national stations have the characteristics
of fast response,small volume .

Select _
growing season of vegetation

Download data from , )
National Environmental Air Quality Monitoring Centre

Filter

special weather data

Calculate average data
using daily average data

+0.0015

pg/m?® measurement
accuracy

37

monitoring stations
evently distributed
in the built-up area

more than 20

hours of valid hourly
data were available for
that sampling day

N

5

<ti1pital, cities as sample

C

100SINg area

2

year observation data
2016.01.01

2017.12.31
18

days having similar
[:(')ﬁutlnn levels were
selected

https://www.asla.org/2020awards/466.html

National environmental air quality monitoring stations

i
!

§§ilhn'




METHODS: Green infrastructure identification

(b) SH2

https://www.asla.org/2020awards/466.html

ENVI 5.4 software

0.8m high resolution image
taker? by GF-2 satell"?t:g

2

Radiometric and
geometric calibration

1)
Pan-sharpened

{

Green space extraction

M Tree

Grass

(c) HFS

e
wlhet & )

B e e ]

Data Selection
_Felect lrgwt Plles

Arwt Snason | S, Sam | Anethiney duta. O tn Bane
¥ Warmal L and 04 forence

Band | Bt b= Bt 2 et 47

¥ Cater Space

Bed Bt 32 Grwem s 30 Whow Bant 4
e

Objoct Croat ion

Seamant and Merge

The object-oriented classification technology sets neighboring pixels as objects to identify
elements and uses the panchromatic mulfispectral data to output the vector with high

precision.



FINDINGS: Relationships between green infrastructure quantity (green coverage) and PM2.5 concentration

Green coverage at different units

We extracted total green / tree / grass coverage in 37 blocks through remote sensing images and used correlation analysis to study the relationship between green space coverage
and PM2.5 concentration.

Total green coverage(%)

Correlation Index between PM2.5 and green

“-?'«7
4’

z,x,

HF1 HF2 HFS SH4SH8 SH1 SH6 SH3 HF3 NJ3 WHLNJ1 HF

coverage at different scales

-0.6
-0.5

Correlation index
S & o
N W S

-0.1

https://www.asla.org/2020awards/466.html

—— Total green coverage
- == Arbor coverage
G Grass coverage

-

-
-
-

400m 600m 800m
Neighborhood scale (side length)

1000m

PM2.5mean concentrations(pg/m?)

,‘!J“- . |-',l‘.\'v'-.’3:
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&
-

D
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)

SN

HZ7 NJ2 HZ3 HF8 SH7 HZ2 SH2 HZ6 HZ5 WH2 HF4 HF9 HZ1 SHS HZ4 HF7 WHS WH4NJS NJ6 WHEWH7 WH3 NJ4

Nonlinear analysis between PM2.5 concentration and green space coverage
Regression analyses for PM2.5 concentrations at the 1000m scale

50
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401

351

301

25

95% confidence interval

C=201795+1.067/x 50 7 C=30.218+0.874/x 50 C=34.347+0.004/x
° R2=0.373 p=0.000 ° R2=0.339 p=0.000 R2=0.235 p=0.002
o ; 45 1 45
o o : o o
o 40 1 40
°© o 4 0 ©
o o | °
% = 35 1 35 -
®00°°P =5 Bep o8
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]
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Total green coverage(%)

Tree coverage(%)

Grass coverage(%)

PM2.5 concentrations(pg/m?)

Conclusion

Negative Correlation

Increasing neighorhood
green coverage can
effectively reduce PM2.5

Conclusion

Optional coverage
Increasing green coverage at
about 30% can maximize

PM2.5 reduction effect



FINDINGS: Relationships between Green infrastructure quantity (3D greening) and PM2.5 concentration

3D greening in different units
We selected 16 monitoring points in block, and identified the 3D greening based on the inversion of Landsat-8 image map, and we studied the correlation between 3D greening and
= Grass, shrub 3D greening

PMZ2.5 concentration = Total 3D greening = Tree 3D greening

160

3

0000m?)
-

1

20

§00

5 807
S

T 601
c

]

@ 407
o |

HF1

Correlation analysis between 3D greening and PM2.5 concentration

T 63 = 63
£ y=73.678-3.118log(x) E y=73.788-3.151log(x)
2 6o, r=0430 | 2 gp R2=0.441
2 2
.2 S
g 571 of ‘0 2
c o5 '® c
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[ c
n ! ) -
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g i g i
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https://www.asla.org/2020awards/466.html
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0 450000 900000 1350000 1800000 o

Total 3D greening(m?)
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® O
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)
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~
w

o i

3/=110.593-4.994log(x) [

R=0.436 e
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~
o
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Conclusion

Negative Correlation

Increasing neighorhood 3D
green can effectively reduce
PM2.5

Conclusion

Ootional 3D greening
Increasing 3D greening at
about 1.44ha/1ha of land

can maximize PM2.5
reduction effect



FINDINGS: Green infrastructure spatial pattern and MSPA classes that significantly influence PM2.5

Illustration for MSPA MSPA result

Google image

" 50
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https://www.asla.org/2020awards/466.html



FINDINGS: Relationships between green infrastructure spatial pattern and PM2.5 relative concentrarion

Relationship between MSPA and the decrease rate and duration of PM2.5 Conclusions
E 70 y=9.824x+0.605 g 10 y=7.033x+7935 10 y=38947x+5.235| 10 y=14805x+4564 | 10 y=129.747x+6.670 1) c ore T
5 R=0523 p=0.00 ; - R=0.549 p=0.001 R=0541 p=0.001 R=0565 p=0.001 R=0519 p=0.002
o 9 . 9 9 9 Reduces edges
- . -
§ - . Integrate adjacent core plaques
g 0% ¢ 8 Increase core plaque dominance
55
; E 7 7
8% 2. . 2) Islet |
3 ” 1 p Green spots edge amplification
§ % i i s H Connects adjacent green spots
© 0 02 04 06 08 10 12 14 2 0 10 20 30 40 05 10 15 20 25 30 35 6 8 10 12 4 0 02 04 06 08 10 12 Reduces green islands
Perforation proportion (%) Core proportion (%) Islet proportion (%) Edge proportion (%) Bridge proportion (%)

Relationship between green infrastructure spatial pattern and PM2.5 concentration

Highl

PM2.5 concentration(ug/m?)

g_.

Different MSPA classes proportion

https://www.asla.org/2020awards/466.html

3) Bridge T
Transforms branches into bridges
or loops, improve green network
connectivity




STRATEGIES: Summary of strategies

Improves the green coverage and three-dimension

/il Quantity of greening
Al

green quantity of the block.

.
Q’(? Coverage

Increasing block green coverag
can effectively reduce PM2.5

Owerall green coverage reached

30%
m Maximum mitigation capacity \l,

Floating interval is 25% ~ 35%

@9 3D-green quantity f
gy

Increasing 3D-green quantity

can effectively reduce PMZ&/

The leaf area reached 3

I-QT .44ha/1ha of land

Maximum mitigation capacity
Floating interval is 0.45ha ~ 1.44ha

https://www.asla.org/2020awards/466.html

rE' Green space pattern optimiation
Forms a core green space and

build a micro-green network in the block.

.

Reduces edges
Integrate adjacent core plaques
Increase core plaque dominance

= v
K Islet

Green spots edge amplification
Connects adjacent green spots

=1
Reduces green islands ,/C S :
-\—/ - .\_.-'-

P

&
Transforms branches into bridges or loops;
improve green network connectivity

f
@
N

Overall planning strategy

N\

@ Forms a community green network with
®~ the core green space of the block as the
node

=" Green spots P
Utilization of blocks g
&

Awvailable land, etc.

Creates a pocket park @
Improves green infrastructure coverage

Green facade
Roof greening, vertical greenin
3D greening method -
Increases the quantity of

| E Green corridor ' \/
Constructs a continuous green corridor

Connects adjacent green patches
Strengthening the connectivity of Gl in blocks



APPLICATION TO PRACTICAL: Jianghan micro green network

Select Jianghan District, Wuhan
Location characteristics

28.29 km?
680 thousand

Green space is scattered

Insufficient greening rate

Typical high-density urban area
Particulate pollution is more serious
Contains a large number of block units

Green quantity analysis

Current
Overall green coverage

23.35%

+! Improves green coverage

+Increases 3D-green quantity

Increases the area
of core green space

+ ' Increases the proportion
of the bridge

Reduces green Islet

After planning

Overall green covérage

29.96%

as

3 Current green morphology pattern

e B Core 3.49%
Brige 2.19%
Islet 8.73%

0 1km

https://www.asla.org/2020awards/466.html

_#Green morphology pattern after planning
/»"E‘ ‘3 B Core 9.33%
SN Brige 3.34%

¢ Islet 4.11%

T
€

§

- 7=

< tun MEEE

— 3 e
g
-’ y
N & e
2

S ;.,5‘,“ o

Excellent air days throughout the year
According to Chinese air quality standards
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APPLICATION TO PRACTICE: lllustration for micro green network

@ Green spots @ Green facade Q Green corridor
Utilize available land such as neglected Increasing the quantity of 3D green in Through the construction of green roads,
land and open space to create pocket the b'_OCk throug three-dimension ) etc. A continuous green corridor is
parks in a green way, and improve the greening methods such as roof greening formed to connect adjacent green
coverage of green infrastructure. and vertical greening. [} patches and strengthen the connectivity
' \t / of green infrastructure in the block.. -

T = -

i |V
!@,

NN '--.\;-__._*
A

"‘ > "‘};‘l}c,

53

F o E

‘35 - 4__'§f

Integrated green space Poket park Community garden Community greenway Street g

https://www.asla.org/2020awards/466.html



PPLICATION TO PRACTICE: Green infrastructure optimization for air quality
- "- ; l.‘. 'y
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FLOODED:
ELEVATION

e B

NOT FLOODED: FLOODED:
REMAIN ACQUISITION
homeowners in the floodplain that are approved for financial assistance
through federal programs, theycan either choose to have their home
acquired or elevated. Converting the acquired home sites, along with the
most vulnerable that still remain, into a restored floodplain and public park
will: i) prevent repetitive damage of property in future flood events; ii) create
a contiguous tract of land for floodplain restoration activities to commence,
iii) provide meaningful uses for large patches of recently vacated parcels, and

iv) greatly diminish the potential for future loss of life.
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Existing BuildingS: approx 4,000 sf

AUXILIARY BUILDINGS

Interior Partitions: 1,236 sf
Drop Ceiling: 2,432 sf
Roof: 2,817 sf

Oemo: 2,735 sf

Exterior Walls (CMU + Wood Stud): 1,559 sf
Interior Partitions (Wood Stud): 2,350 sf
Orop Celling: 2,436 sf

Roof: 2,735 sf

Demo: 2,733 sf

Exterior Walls (CMU + Concrete): 1,213 sf
Exterior Walls (CMU + Brick): 1,689 sf
Interior Partitions (Wood Stud): 461sf
Wood Board Ceiling: 2,459 sf

Roof: 2,733 sf

Metal Freezer: 621sf
Corrugated Metal Canopy: 2,036 sf
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