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Abstract

This study recognizes the urgency of water problems and the importance of water as the basis for
development. Focusing on the study of the interactive influence of spatial planning and water
resources, we explore how to reflect the dynamic changes of water resources in spatial planning,
and explore strategies that water resilient cities can adopt in spatial planning..
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1. Research Background

With the intensification of global climate change, many countries and regions in the world are facing
problems such as water shortages, water environmental pollution, and frequent floods.

We can no longer solve the current increasingly complex water problems while just do research focus in
the field of water. More attention has been paid to the interactive relationship between urban and rural
spatial development and water system changes. The time and space fluctuation risk of water resources
brings more challenges to the traditional spatial development model of cities. Strengthening the research
and application of technical methods for water resources coordination at the spatial planning level is an
important part of ensuring the sustainability of water resources and urban development. f1-3]

2. Overview of the research area and technical methods

This research takes a small city in East China where water shortage and flooding coexist as a case, relying
on 3S technology (Remote sensing. Geography information systems. Global positioning systems) ,
focusing on the two aspects . urban and rural water security and mitigation of floods.

Through the watershed climate and hydrological characteristic model and the spatial data mining of the
urban and rural spatial distribution, and through the visual expression, we try to find the key
contradictions in the water resource and urban development. Such as the environmental damage of the
water source, insufficient water reserve, low water use efficiency, unbalanced water use structure, lack
of storage space, and narrow flood control channels. And put forward a targeted spatial planning strategy.

In terms of urban flood control, a flood-prone disaster evaluation model is constructed to identify flood-
risk areas. According to the city's ability and characteristics to deal with floods, with the goal of "safely
resisting floods and being safe in floods", the city's security defense and disaster resilience will be
improved. Propose measures to prevent floods and disasters that should be implemented, including
improving urban flood control systems, building engineering facilities and resilient flood-bearing facilities,
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and establishing a coordinated management mechanism for river basin flood control. It is hoped that
possible disaster losses will be minimized.

3. Balanced and healthy development of water resources based on bottom-
line constraints

3.1. Scientifically check the size of urban population to ensure the balance of water supply

Based on the area's multi-year average available water resources and per capita consumption, the upper
limit of the population that can be carried by water resources can be calculated, so as to demonstrate the
future population size of the city. At the same time, the temporal and spatial changes in the amount of
water resources should be considered. Progressive types such as the improvement of water resources
utilization rate brought about by urban water conservancy construction; the decrease of water
consumption in a water-saving society. Abrupt types such as changes in precipitation caused by overall
regional climate change; adjustments in the utilization and distribution of water resources in the upper
and lower reaches of the basin, or cross-regional water supply. In addition, the check of the amount of
water resources and population should be refined to smaller units to study the spatial distribution of
water resources and the spatial distribution of urban water demand to avoid water overload. l4-61
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Figure 3-1 Comparison of urban population and water consumption

Source: self-painted by the author
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3.2. Promote the strategic transformation of urban industries and optimize the use of

water resources

Study the status of regional water resources and water environment, and evaluate the water health of
the current development of the city under the premise of the three red lines of total resources, efficiency
control and pollution limitation. For areas that reach the upper limit of pollution, strictly restrict related
pollution-type industries and strengthen water pollution prevention and control.

Guide the transformation and upgrading of industrial structure. Adjust the industrial structure and
eliminate backward production capacity that does not have the advantages of energy and environmental
protection, such as restricting high water-consuming industries such as textiles and cement that the city
originally relied on. Strict environmental access and establish a monitoring and evaluation system for
water resources and water environment carrying capacity. Optimize the urban spatial layout, and strictly
control the development of high water consumption and high pollution industries in areas where water is
scarce or the water environment is vulnerable. Promote recycling development and increase the rate of
industrial reuse of water. 7!

Promote the development of water-saving agriculture. Adjust the structure of agricultural water use and
optimize the structure of agricultural planting. Check the regional water resources carrying capacity and
natural social conditions, and optimize the agricultural industry. Improve project water-saving measures
and develop green water-saving agriculture.

Control of ammonia and nitrogen-related industry types Control areas involving the type of hypermanganate industry Control of phosphorus-related industries

Figure 3-2Negative list of industry types

Source: self-painted by the author

3.3. Multi-means to ensure stable urban water sources and stable water supply

Combined with the analysis of urban water demand, calculate the urban and rural water gap supported
by the current water supply capacity. For resource-poor water-scarce areas, first of all, it is necessary to
actively promote the exploitation of water resources potential. Speed up the feasibility study of new
water sources in the medium and long term. Start in advance the protection of water sources,
environmental restoration and construction control of new water sources. Strengthen the protection and
construction of rural water sources. Continue to promote rural drinking water pipe network
transformation and water quality improvement, and remediate small water source projects such as
mountain ponds and catch basins.

At the same time, it actively strengthens external linkages and strives for cross-regional diversion of
water from areas with relatively rich water resources to resolve the plight of high-quality water shortages.
As the basic guarantee of people's lives, water must adhere to the bottom line thinking, increase the
guarantee rate of water resources in the region as much as possible, and maintain the stability of water

supply.
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Figure 3-3 Schematic diagram of water supply planning

Source: self-painted by the author

4. Building a resilient flood-bearing safety system pattern

4.1. Study the internal and external influencing factors of frequent flooding

Through the analysis of the basin characteristics, climate change, rainfall and other research and analysis
of the study area, it is judged that there are three reasons for the frequent occurrence of floods in the
study area. First, the study area accepts a large area of catchment water in the basin and undertakes 14
times the flow of its catchment area. Second, the study area is located in an area with a high incidence of
Meiyu in China, where rainfall is concentrated, with heavy rainfall and short time from June to July each
year. The third reason is that as the urbanization of the river basin accelerates, changes in the surface
have led to an increase in surface runoff coefficient.
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Figure 4-1 Regional weather base map

Source: self-painted by the author

Figure 4-2 Comparison of urban construction of Lanxi in 2000 and 2018

Source: self-painted by the author
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4.2. Comprehensive use of multiple technical methods to accurately identify and study

regional flood climate risks

Flood climate risk assessment is an important scientific basis for the setting of flood insurance, floodplain
management, flood refuge, disaster warning and assessment in a region. In this study, in order to
accurately identify the flood risk in the Lanjiang Basin, scientific and technological means such as GIS and
Global Mapper were used comprehensively. Integrating historical flood peak flow, flood level and other
data, considering the current dike construction and urban construction, combined with regional
topographic elevation DEM data and other elements, the study area flood meteorological risk is divided
into four levels.
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Figure 4-3 Meteorological flood risk assessment

Source: self-painted by the author

4.3. The concept of urban resilience to bear floods, "live with floods"

In recent years, in the struggle against flood disasters, people have gradually proposed a shift from rigid
flood resistance to "flood management". More and more scholars and city managers are beginning to
accept the idea that “a better way than defending a river is to be with the river”. To ensure urban safety
is not only the construction of large-scale flood control embankments and other engineering defensive
measures, but also the strengthening and restoration of floodplains, lakes, wetlands and other areas with
flood regulation and storage functions.

The concept of urban resilience to floods means that cities can avoid, prepare for, and respond to urban
rain and flood disasters, and are not affected by disasters or can quickly recover from them. On this basis,
the flood will be used as a resource to realize the transformation from flood control to flood risk

management. (1213
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Figure 4-4 Layout of resilient flood safety system

Source: self-painted by the author

4.4. Safely resist floods---strengthen the construction of engineering facilities and improve
the city's security defense

(1) Diversified engineering water control strategies

Through an engineering water control strategy that combines "control, construction, drainage, and
drainage", the Lanxi flood control and drainage system will be constructed to improve the comprehensive
capacity of Lanxi flood control and drainage and deal with Lanxi flood risks.

The types of engineering facilities mainly include: water control facilities in the basin, such as flood
prevention reservoirs, sluice control facilities; construction of embankment engineering facilities, repair
and reinforcement of the original aging dikes; drainage and flood diversion projects, and dredging of river
bayonet sections Widen, improve the flow capacity of the river, strengthen the construction of flood
control enclosures and flood storage and detention areas, and enhance the short-term flood storage
capacity during peak periods; drainage engineering facilities, optimize the layout of drainage pumping
stations, improve drainage capacity, and strengthen intelligent drainage pumps Station application to
enhance emergency response capabilities.

Set up different levels of staging areas. According to the flood characteristics and the level of flood
volume, the volume of the flood diversion area is selected to minimize the loss caused by flood diversion.
According to the importance of the protected area, the fortification standard of the protected area shall
be approved. In combination with different forecast flood levels, the storage and stagnation area will be
gradually opened according to the situation.
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Figure 4-5 Standard drawing of flood risk control Figure 4-6 Hierarchical control of flooded
areas

Source: self-painted by the author

(2) Strengthen the management and control of the development and construction of waterfront space

In order to ensure the necessary corridor water system space along the water system, strictly control the
retreat of construction space along the river. According to the topological structure of the water system
network, the construction space requirements are formulated. In order to ensure the continuity and
integrity of the water space, it is achieved by delineating the water blue line. At the same time,
coordinate the conflicts between water space and other types of land.

Figure 4-7 Schematic diagram of construction Figure 4-8 Blue line diagram of river channel
space control |

Source: self-painted by the author

(3) Construct a comprehensive management system for river basin flood control

Study the connection of flood disasters in the upper and lower reaches of the entire basin and conduct
risk assessment. Based on river basin flood disaster maps and risk maps, a cross-administrative basin
flood risk management system organization should be formed. Improve the city's emergency response
mechanism and build a city's pre-disaster early warning, disaster response, and post-disaster recovery
system.
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4.5. Safe in floods-building multi-level resilient flood-bearing measures

Urban resilient flooding refers to its ability to adapt to floods when it prevents damage to engineering
facilities or when the set flood control standards are not sufficient to withstand flood disasters. When
encountering unavoidable floods, every citizen and public administrator can respond more flexibly to
floods. This study emphasizes the change from "blocking" to "sparse", and emphasizes allowing water to
have a certain degree of free space. Construct resilient flood-bearing facilities from three levels: region,
city, and site. Coordinate flood defense and spatial planning, and handle the relationship between
resilient flood-bearing space and flood defense functions. '14-16!

Create a smooth water network system. Pay attention to the natural characteristics of the river network,
follow the river network structure of the natural river system, and ensure the connection of the river
network. At the same time, it emphasizes the coordination of water system network and urban
construction space.

Build a variety of rainwater storage systems. Construct a complementary rain and flood regulation and
storage system composed of rivers, lakes, reservoirs, and wetlands. Increase rainwater storage facilities
and detention ponds in urban built-up areas to absorb and store precipitation during peak rainstorm
periods. While ecological regulation and storage, it also improves the quality of the urban environment.

(1) Building a water security pattern at the regional level

Through the combination of "points, lines, and regions", the storage of rainwater is realized. From the
source, use the lakes and reservoirs in the city to increase the retention of rainwater during periods of
heavy rainfall. Use river corridors to increase their own ecological storage capacity and reduce rain and
flood pressure. Set up a certain detention area to decompose the risk of urban rain and flood.
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Figure 5-1 Resilient flood carrying facilities

Source: self-painted by the author
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(2) Strengthen the construction of sponge cities

This research uses the construction idea of "sponge city" to solve the problem of urban waterlogging.
According to the different urban characteristics of the central city, corresponding sponge city
construction goals are set. According to the existing construction area and the area to be constructed,
different construction priorities are distinguished. For areas that have been built, the concept of sponge
city construction is injected into urban renewal, focusing on solving problems such as pipe network,
rainwater pollution and rivers, and poor drainage. At the same time, we will gradually implement the
transformation of sponge construction, such as the restoration of old rivers, the construction of
rainwater parks, and the transformation of road sponge facilities. For new areas to be constructed, the
concept of low-impact development is adopted and the original natural ecosystem is respected.

(3) Develop stormwater system control guidelines at site level

To promote the construction of sponge cities, control runoff pollution, reduce the pressure of flood
control and drainage, rational use of rain and flood resources, and optimize the structure of water
resources as the goal, formulate rain and flood system control guidelines. It mainly includes sinking green
space and sinking depth, permeable pavement rate, green roof rate, seasonal rain storage facilities,
overhead buildings at the bottom, and flood prevention walls for important infrastructure.

Floating buildin
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Figure 5-2 stormwater system control guidelines at site level

Source: self-painted by the author
4.6. Dynamic risk assessment responsive planning cuts into the construction of urban

flood control system

Integrate traditional water resources management, agricultural irrigation management, water supply and
drainage planning management, water and soil conservation measures, flood prevention and disaster
reduction measures, project safety operation management and other water work related monitoring
data and information management methods. Establish a command center and government affairs center
based on the big data platform, the information transmission network and the water Internet of Things as
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the link, and the monitoring center as the basis to establish an intelligent flood control early warning
system.
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Figure 5-3 Intelligent flood prevention and early warning system

Source: self-painted by the author

5. Conclusion

The field of spatial planning has long focused on land areas, lacking a complete understanding of the
scientific operation rules of the water system, and it is easy to ignore the basic role of the water system
as the bottom of the space, causing urban and rural construction to continue to squeeze the water
carrying space, and industrial development continue to lose water carrying capacity, etc. problem. From
the perspective of the integration of water resources coordination and spatial planning, this research
attempts to analyze and solve the spatial positioning problem of the sustainable development of water
systems, and faces the more complex and changeable future human living environment changes.
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