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01 | Problems

What is the topic? & Why has the topic been chosen?



Problem | 2020 China floods

China has experienced 21 numbered floods (floods of
a certain large scale) so far in 2020, 1.6 times more
than that of previous years, hitting a historical record
since 1998.

- Global Times, 23/9/2020

Flooded area in Cigikou of Shapingba District, Chongging,
shoot by Xinhua/Liu Chan



Problem | 2020 China floods

“At a briefing in Beljing last week, Zhou Xuewen, the secretary general of China's flood control

headquarters, said that at least 63 million people had been affected and 54,000 homes destroyed. At
least 78 people have died or disappeared, he said.”

- The New York times, 24/8/2020
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Problem | Yangtze River floods history

1
Water level {m)

Maximum discharge (x 107 w5

Tnundated area (x 0* m’ s

Flood duration {days)

Measurements of the six large floods since the late 19th century at
Hankou hydrological gauging station, Yu and et al.

In the Yangzte River basin, there is an increasing trend
that is notable in the average maximum water level
and the frequency of the peak water level.

-Yu and et al.

Analysis of historical floods on the Yangtze River,
China. Characteristics and explanations,

2009



Problem | Causes of flood

3! i

—RE RN
Natural causes Artificial causes
- Climate change - Inefficient capacity

- Monsoon - Increasing runoff coefficient



Problem field | Natural causes

Climate change - The increasing of flood hazard
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Effects of climate change on annual mean temperature in the Yangtze Effects of climate change on annual mean precipitation in the Yangtze
River basin (Unit: °C) River basin (Unit: %).

Data source : Cao, L., Zhang, Y. and Shi, Y., 2011. Climate change effect on  hydrological
processes over the Yangtze River basin. Quaternary International, 244(2), pp.202-210.



Problem field | Natural causes

Monsoon — Brings more seasonal floods

Monsoon season Monsoon season Monsoon season
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Monthly area-averaged precipitation and corresponding discharge of the River Yangtze at (a) Pingshan, (b)Yichang, and (c) Datong (1960-2004)

areal averaged precipitation (mm)



Problem field | Artificial causes

Inefficient capacity — Underutilized reservoir system

@7 Core resevoir
E Backbone reservair
[« Tributary reservoir

Upstream waters

® 000009 .
0 0. 0000000

99%0%° ¢ ¥ Three Gorfjes Dam

Reservoir systems in upstream Yangtze river basin



Problem field | Artificial causes

Urban development - Increasing runoff coefficient

Legend

[T Paddy field
&1 Non-irrigated farmland
! Woodland
Shrubbery
Sparse woodland
2 Other woodland
High coverage grassland
Medium coverage grassland
4 Low coverage grassland
River
Lake
Reservoir and pond
! River beach
2 Urbanized land
Rural settlement
Other construction land
Bare rack

Chongging main town landscape change (1990-2018)



Problem field | Artificial causes

Urban development - Increasing runoff coefficient

Chongging riverside ecology current situation

. Sguare

. Secondary sidewalk

. Concrete grid revetrment
. First sidewalk

. Concrete revetment

. Mudflat

. Pebble riverbank
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02 | Scope

What are the current responses? What are the proposed approaches in the thesis?



Research scope | Chongging, China

Location & topography
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Research scope | Chongging, China

Fight between urbanized and natural

Chongging Fuzhi Map, 1886-1890

FEE ORI R E |

Chongaging Concession Commercial Port Map, 1907

“The draft of the ten-year development plan for
the temporary capital”, 1946

The main city of Chongging at this time relies on the Yuzhong
Peninsula and echoes the Jiangbei city on the north side

Reduction of population density, and development
of satellite towns

v



Research scope | Chongging, China

Fight between urbanized and natural

e r;‘;%

Preliminary Urban Planning of Chongging, 1960

Chongging City Master Plan (1981-2000), 1981

IR 2 A (2007 -20204F) 1
1 (R T F A PR = ﬂL

Chongging City Master Plan (2007-2020),
Revised in 2011

v

Cluster-like urban structure

“Multi-center, cluster-like” urban spatial structure
from the planning, and strictly controlled the city’'s
scale.

The green belt between the clusters was
gradually eroded, and the clusters in the central
city gradually merged together.



Research scope | Chongging, China

Strengthen embankments, Chongging shoot by Gou, Y.
edited by author



Research scope | Current responses

Emergency measures:

" Flood alert: Emergency evacuation

b e Temporary facilities: Sandbag dams
aa a

After the emergency measures, Chongging shoot by Gou,
Y. edited by author



Scope | Problem statement

1# Chongqging is threatened a lot by flood hazards caused by natural
and artificial reasons,

2# The current emergency measurement does not help to solve the
core of is Issue.

3# The solution should protect the safety of inhabitants’ life and
property and help the riverfront area generate maximum potential
values.

Flood defense slogan “The flood is ruthless, people are
compassionate, and one side is in trouble and all parties support®,
Cigikou, Chongging shoot by Gou, Y. edited by author
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Scope | Sub questions:

1. “What are the artificial and natural reasons which caused the flood in the Yangtze River basin seasonal flood in Chongging?”

2. "How does the seasonal Yangtze river flood influence basic urban flows (energy, water, traffic) and related (potentials for) spatial
quality of Chongqging, and what measures are used to defense/mitigate flood?”

3. “How can solutions to address urbanization (development of buildings and infrastructure) and natural processes (water runoff,
Infiltration, biodiversity, and eco-systems services) be synergetic to increase urban flood resilience?”

4. “What co-benefits could flood resilient urban riverfront brings to society and economy?”



Scope | Conceptual framework

Flood defense
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03 | Analysis

What are the factors that cause the seasonal flood? & How the floods influence the living
environment?

Sub-Q1&2 CAUSATION



Analysis | Analytical framework

Data source Present

Furture

Regional reservoir map » | Reservoir capacity

Water levgl of > | Flood flow
flood monitoring stations

Systematic

Water safety 2!
\
History inundation areas p | Inundation \
Flood control I“.‘
Precipitation b | Cliamte \
\
\
|’I
\ Adaptive scenario
\
Water catchment / > | Surface \
surface runoff Hydrodynamics ‘
terrain  p | Subsurface
Current land use W | Land use
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Landscape type/ > | Landscape Human impact
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Analysis | Water safety

Reservoir capacity and flood flow

The current storage capacity has improved the flood control capacity of the upper reaches of the Yangtze River to a certain extent, but
It Is still difficult to cope with more sustained catastrophic floods.

Jialing River &1 million m?
ibei Slalion
Daou River 0 million m*
chang Station
Yalong River &2 million m?
ngazilin Station

Jrhe Rier 38523 million m?
Shigu Station

Yangtze River

Cast Servoirs
an Jia

ascd OIS
the Yalo on Min

- Cascade reservoirs on the
midd.e reaches of Jinsha River

75 million m?
jiaba Station

Total: 48900 million m?

Wujiang m million m?
uleng Station

= illion m
Cascade ressrvoirs on Wujiang

Reservoir capacity of the upper Yangtze River Annual runoff quantity of the upper reaches of the Yangtze River



Analysis | Water safety

Safety map

The safety map Is based on the data of
the highest flood level from 2010 to
2020, reflecting the intensity of
flooding inundation in the Chongging
main town.
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Analysis | Water conflict

Hydrodynamics

Understanding natural hydrodynamics. Overlay the runoff
hierarchy and solil infiltration, to analysis the runoff intensity in
Chongging main town.




Analysis | Water conflict

Human impact

How human activities influence surface of this area in landscape.
The current land use, and infrastructure distribution.




Analysis | Water conflict

Conflict map

Through the overlay
of the natural water
system and the built
environment, the
potential water
conflict area along
the river corridor of
Chongging is
obtained.
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Analysis | Water opportunity

Society

Social-economy Community compaosition




Analysis | Water opportunity

Ecology

Water fluctuating zone

‘Wild shrub habitat

Urban faming

Urban farest

Brozdlesf forest

Conifarous forest

Farming pastoral habitat

Matural mountain forest habitat
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04 | Assessment

How to quantify the impact of floods on urban environments?

Sub-Q2 CAUSATION



Assessment | Site selection

Rough selection - ,
Base on the result of the analysis of water Danzishi
safety and water conflict, the river corridor Cigikou 2

sections which are under risk of seasonal ps

flood and have the most serious conflict o Zhanghai-Beibin
between nature and human activities are ' R T
selected as the potential location. ; = _—

Beibin street-Jiangbei Zui
- fEdlyuanba . me— A
: ,@‘r A/Nanhin Road-Yanyu Road
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! :
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South Chongging Railway Station” =§a
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!
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Assessment | Site selection

Scoring the locations:

The flood risk can be simply represented as
‘probability times damage”, to describes the
expected damage that can occur or will be
exceeded with a certain probability in a certain
period.

As for the calculation of the flood damage, a
common way Is using the potential damage index
(vulnerable index) times the area of the area
affected by the flood hazard.

Probability of
flooding
Flood risk:

Time return
period

Consequence of flooding

Hazard:

Flood map

Vulnerbility

Damage to
nature and
city

Flood risk = Flood time return period x Inundation area x Vulnerable index

Flood risk,, = Flooding probability,, x Inundation area,,  (Index, + Index, + ... Index |

Flood risk,,, = Flooding probability.,, x Inundation area,, x (Index, + Index, + ... Index |

Flood risk = Flood risk, +Flood risk,

(1)

2]
(3]

(4]



Assessment | Site selection

Scoring the locations:
1. Flooding probability: 2. Inundation area:

10-year flood = 0.85
100-year flood = 0.10

\ - ; ~ 4§
o = 28
= D
% & v

10-year flood 100-year flood




Assessment | Site selection

Scoring the locations:

3. Vulnerable index:
(1) Runoff intensity

(4) Tertiary industry

Runoff intensity

Tertiary industry rate

Classification Class | Class I Class Il Class IV Class V Classification Class | Class Il Class Il Class IV Class V
Runoff intensity Extremely low Low Mediun High Extrernely high Tertiary industry D0=(TI1)>40% | 0=(T.1)>40% | O=(T.1)> 40% | 0=(T.1] > 40% | O=(T.1] > 40%
Quantitative assignment 1 2 3 4 5 Quantitative assignment 1 2 3 4 5
(2) Vegetation coverage (5) Vulnerable population
Vegetation coverage rate Vulnerable population rate
Classification Class | Class Il Class Il Class IV Class V Classification Class | Class Il Class I Class IV Class V
St Eeve Extremely low Low Mediun High Extremely high Villnerabie papuiition NPl > 40% | 40> (V.P) > 30% | 30> V.P) > 20% | 20> V.P) > 10% | 10> IV.P) > 0%
Neigatatin Cuwiags 0<N.CJ<20% | 20<[V.CJ < 40% | 40<(V.CJ < 60% | 60 < IV.C]) < 80% |80 < V. C.) < 100% AR Rl ik S| SIS i o ¢ s ks
Quantitative assignment 5 4 3 2 1 Quantitative assignment 5 4 3 2 1
(3) Infrastructure coverage
Riverside infrastructure coverage rate
Classification Class | Class Il Class 1l Class IV Class V
Veratation coversis Extremely low Low Mediun High Extremely high
et erag 0<[L.C]=40% | 40<[L.C]=80% |[80<[.C]=120% [120 < (.. C] = 160%|160 < [I. C] = 200%

Quantitative assignment 5

4 3

2 1




Assessment | Site selection

Scoring the locations:

Flood vulnerability score

100-year flood 10-year flood Cverall
Cigikou 160.4504 133.5931 294 0436
Zhonghai-Beibin 57.1021 243 6489 300.7510

| Beibin street-Jiangbei Zui 89.3021 571.1310 660.4331
Danzishi 55.0886 299 4944 354.5830
Caiyuanba 76.5226 290.5150 367.0376
Nanbin road-Yanyu road 53.3180 292.49%8 3458177
Nanbin road-Danhui road 133.1120 765.2390 898.3510
cin Ch:{;ﬁ::g i 72.5540 765989 149.1530
Huaxi Rver 84.8134 171.6408 256.4542
Dadukou 34.7771 ?1.3971 1261742




Assessment | Result

Nanbin road-Danhui road:
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Runoff intensity: High
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Tertiary industry: 0.61
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&
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1] 100 200m

>

.\\~ :4/;2 ‘ ‘-:{2&1-2/ wd
Runoff intensity: Extremely high Infrastructure coverage: 0.334
Vegetation coverage: 0.181 Tertiary industry: 0.917
Vulnerable population: 0.207




05 | Projections & Intervention

What is the potential of flood control tools? & How to implement flood resilience in urban perspective?

Sub-Q3&4 CAUSATION



Projections | Priorities’ conflict

Macro-regional scale

The state government regards ecology as the top priority for the future
development of the Yangtze River.

City scale
Economy, development, and safety are still the main priorities considered by

the municipal government, but ecology will become an important and
Indispensable factor in the development of the future city.

District and community scale

A more effective hard infrastructure approach or faster emergency escape
approach is more likely to be favored by managers at this level.

Natural approach

Natural approach

Natural approach

Artificial approach

Artificial approach

Artificial approach



Projections | Scenario generation

Flood adaptive Flood retaining

Degree of Natural approach

High

Low

|
|
|
|
|
1
|
|
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Projections | Scenario generation

Flood retaining

Flood retaining

Degree of Natural approach

High Low

WATER LEVEL 200M




Projections | Scenario generation

Flood retaining
Regional 2100

ondary water system

T o

500 km
I

300
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100
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Projections | Scenario generation

Flood retaining
Urban 2040

Paddy field

771 Non-irrigated farmland
Woodland

Sparse woodland
Other woodland

Bush forest

Urban green

Other construction land

:

Urbanized land

Urbanized expansion 2040
Permeable pavement area
Reduce urban area 2100
Rural settlement

EEaEd
—
e
|

==-=--== Flood wall

River

Hard embankment
st level runoff
2ed level runoff
3rd level runoff

®| ||

3rd level runoff




Projections | Scenario generation

Flood retaining
Runoff

2040

2100
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Projections | Scenario generation

Flood adaptive
Regional 2100
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Projections | Scenario generation

Flood adaptive
Urban 2040

Urban 2100

7

A

—
et
I
|
|

Paddy field

Non-irrigated farmland
Woodland

Sparse woodland

Other woodland

Bush forest

Urban green

Other construction land
Urbanized land

Urbanized expansion 2040
Flood reslience urbanized ai
Reduce urban area 2100
Rural settlement

River

Natural expension 2040
Natural expension 2100
1st level runoff

2ed level runoff

3rd level runoff



Projections | Scenario generation

Flood adaptive
Runoff

2040

2100




Intervention

Intervention principles

/Settiements
Flood resilience Future

Natural area

Regional strategy Local principle

Small settlements (Population less than SOO)-----------------------------%--Re—organfzed

Mid and large Settlements Narrow flood treatment space
Wlde ﬂOOd treatment SpaCE‘“‘"‘é ....................................................... é.‘.é..,
Water Artificial WatersMakmg use of the existing facilities
- Waters_____________________________________________E__Protect and restore water ecology

| Respect the law of river natural evolution

Land- - i--Nature conservation

High intervention hybrid solution

Low intervention hybrid solution



Projections | Regional strategy

Artificial waters
Natural land

Nature conservation Making use of the existing

facilities

Small settlements
Natural waters

Protect and restore
natural water system

Re-design




Projections | Local principle

Local principal roadmap
[ Hyarodynimc |  Transformation [ scremes | [ Progran _| [ Am

H|gh intervention Flood retaining structures
Runoff hybrid solution Permeable pavement
Narrow spaces Living embankment
Flood resilience Eco-infrastructure
| i Creek Urban agriculture Safe and livable life
setemer Rain water park
Wide spaces ) ) Flood diversion and detention areas

River Low intervention Wetland restore

hybrid solution Water system restore
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06 | Design experiment

What are the factors that cause the seasonal flood? & How the floods influence the living
environment?

Sub-Q3&4 CAUSATION



Design experiment | Case 1.

Nanbin road-Danhui road area

Guideline

Regional strategy Local priniple

/Small sertlements (Population less than 500)-

ESE(r!emen[s?j/'—EAid and larga Setdementg\—ﬁarrsw flood treatment spaci

%

“wide flood treatment space«---

Re-arganized

Egh intervention hybrid soh.[EcE i
; i

Flood resilience Future

<-:Low intervention hybrid solution |

Making use of the existing facillties

Natural araaﬁWatefﬁN[iﬁcial warers--

\ '\ : Protect and restare water scology i i
Martural waters H i
i Respectthe law of river nawral evolution i

N
‘Land i Mature conservation

Hydrodynimic Transfermation Program

Fngh intervention | _.—flood retaining structurss

o Permeable pavement

L . /L hybrigsolution T —
larrow spaces / Living embankment 1
" Eco-infrastructure
:ﬁ;:n:f:::nce Creek { \ Urban agricuiture Safe and livable life
Rain water park
Wide spaces ) ) Fload diversion and detention areas |
[River Low intervention Wetland restore

hybrid solution ~~Water system restore




Design experiment | Case 1.

Plan

kE#%E  Rock revetment
[ Sandy embankment
[7 20 Low grass zone
ESEI High grass zane
Ecodyke&bridge
B2 Urban farming

E== Bioswale

[ Rainwater pond

7 Court
Pathway

0 100 200m




Design experiment | Case 1.

Land ownership change & stakeholders

Tramsformation

‘ Riverfront area ‘

:

‘ Flood bypass channel ‘

‘ Abandoned greening ‘

:

’ Rainwater park ‘

’ Fragment green space ‘

-

‘ Bio-swale system ‘

Land-ownership

Owned by states, rented by Yabadong dock company, and partly sublet

to leisure company.

Owned by states, rented by eco-tourism company

Owned by states.

Owned by states, rented by sustainable leisure company and
real-estate developer.

The green space outside the residential community owned by states,

and inside owned by local residence.

The green space outside the residential community owned by states,

and inside owned by local residence.

The planning
department of
government

N

Riverfront area Dock company  Leisure company

|
A

Eco-tourism  University&research
organization

& & h

Abandoned greening Real-estate Residents University &
developer &neighborhood research
committee arganization

®

Sustainable
leisure
cornpany

e

2

Property
management
office

6D

The municipal
department of
government

= e Y

Real-estate Residents

developer

committee

A

University &
research
organization

$ o
Fragment green space| Neighborhood

Bio-swale system Property
management
office




Design experiment | Case 1.© - 1 oaw
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Design experiment | Case 1.

Section 2-2

Ecodyke Bioswale

Extreme Flood

— KL
o ’Wo’é“o‘oo‘“‘““%‘

Rock revetment

Sandy embankment

Yangtze river

‘ Urban environment

1
1
1
1
1
i
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Rock : ¢ water)
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Rock revetment Sandy embankment Low grass zone i Pathway Low grass zone Sandy embankment Flood bypass channel Sandy embankment Low grass zone High grass zone ~ Eco embankment Ecodyke
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Design experiment | Case 1.

Flood occurrence situation

Low water level Medium water level Extreme flood
(170m above sea level) (175m above sea level) (195m above sea level)



Design experiment | Case 1.

Bio-swale
Eco-dyke

Eco-bridge




Design experiment | Case 2.

Cigikou area

Guideline

/‘man sertlaments (Population less than S00)wessesw:ssmssesssessers

,Sememems?ﬁ@id and larga SememeﬂHarrow flosd treatment spacz}

Flood resilience Future \W
ide flood treatment space-——

R
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Runoff -
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Flood resilience
Creek
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Wide spaces

[ River

Natural arear———Warer Artificial Waterse-s -+ --resress e

Re

b

Resorganizad

--Making use of the existing facilitles

i Protect and restare water ecology i
Respect the law of river natural evolution

i *Nature conservation

EIIm 4

Fngh interventionj _/Aiinod retaining structures

hybrid salution ———Permeable pavement
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Land ownership change & stakeholders

Tramsformation Land-ownership

‘ Qingshui creek riverside ‘ Owned by states.

-

| Flood channel

l Owned by states, rented by eco-tourism company and investment

‘ Jialing riverfront area l Owned by states, rented by real estate company and tourism
L investment company.

Owned by states, rented by real estate company and tourism
investment company.

| Eco flood retaining facility ‘

‘Abandoned industrial area‘ Owned by states, rented by the industrial company.

-

|Ecological restoration area ‘

Owned by states, rented by the tourism investment company.

Qingshui creek
riverside

()

% Heg

Eo

Residents Investment group University &
&neighborhood research
committee organization

Flood channel

L

i)

The water affairs

department of
government

Jialing riverfront area

S Ao &

Real-estate Tourism Residents
developer investment &neighborhood
company committee

b

University &
research
organization

The planning
department of
Eco flood retaining

government

facility

Z A

Property Real-estate
management developer
office
T Maintena ‘
r———— - - - - — — — —/ — 1

Abandoned industrial

area

Ja

¢ <

Ecological restoration
area

|

Industrial company Tourism Residents
investment &neighborhood
L company committee
¥ 1
@ EHE
Property University &
management research
office

organization

i

The municipal
department of
government
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Flood occurrence situation

Flood channel
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Section 1-1

EFE® Riverbed

Sand

Neutral purple soil
[ ! Rock

Pavement

Rocky embankment

Shrubbery Flood Flood Shrubbery

embankment channel  Creek channel  embankment
24.1 . 33.8 131 102 219

20m__

—— Parking lot

[—

Flood water container
—|

Eco embankment

Extreme Flood

- Fldod water from Jialing River

Flood water
Qingshu

Rain/floodwater storage

High water level

Commercial complex

High grass zone  Pathway Low grass zone

44.2 1.5 60.5

o bt s s

Jialing River
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Flood channel

Section 2-2

Evaporation Evaporation 4

Flood situation

Riverbed

Sand

Neutral purple soil
Rock

Pavement

Shrubbery Flood Flood  Shrubbery Shrubbery Flood Flood Shrubbery
embankment channel Creek channel embankment Pathway embankment channel Creek channel embankment Urban plaza
36.8 | 33.2 ‘11.7 . 14.0 1‘.‘5 26.2 1“5 ‘5.5“ 211 ‘ 13.9 , 47.6 ‘ 37.3 . 39.1 ‘
Cigikou historical town ‘ ‘ ‘ H H High school ‘ H ‘ ‘ Residential area
~
- N~
~ N~ —
— o~ ™
-~ e
20m ! !
1 1
10m 1 1
1 Jd
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Flood occurrence situation

Low water level Medium water level Extreme flood
(170m above sea level) (175m above sea level) (195m above sea level)
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Flood channel




07 | Conclusion

How to shift the fragile urban riverfront, which caused by changes and actual quality into a flood
resilient area by the synergy of nature system and constructed environment in Chongging?

Main Question
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Design experiment

Opportunities of infrastructure Opportunities of topography

Extremne Flood

High water level
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Short term

Long term

Intervention principles

The most vulnerable areas. Major cities Settlements
All river corridor areas All cities and towns - gL Whole region






