
1 
 

INCREASING SOCIO-ECOLOGICAL RESILIENCY TO CLIMATE CHANGE IN 

COASTAL COMMUNITIES 

 

 

 

 

 

 

 

 

 

 

By 

MENGYI LI 

 

 

 

 

 

 

 

 

 

A THESIS PRESENTED TO THE GRADUATE SCHOOL OF THE UNIVERSITY OF 

FLORIDA IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE 

DEGREE OF MASTER OF SCIENCE IN ARCHITECTURAL STUDIES 

 

UNIVERSITY OF FLORIDA 

2017 



2 
 

 

 

 

 

 

 

 

 

 

 

 

 

© 2017 Mengyi Li 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

 

 

 

 

 

 

 

 

 

To my family, friends and colleagues 

 

 

 

 

 

 

 

 

 



4 
 

ACKNOWLEDGEMENTS 

    I would like to express my gratitude to all the staff and faculty at University of Florida 

who have taught and helped me in the Sustainable Design program. Specifically, I would 

like to thank Professor William L. Tilson who served as Committee Chair and Dr. Robert 

J. Ries Committee Member, I felt extremely fortunate to be assisted by such intellectual 

professionals, they passionately provide me with valuable suggestion. Additionally, thank 

to Michael Kung who endlessly responded to students’ questions and offered necessary 

technical information for the research. I thank Dr. Ruth Steiner, Professor Bradley Walters 

as well as all my classmates who made such a memorable trip to Singapore and the 

Netherlands. Finally, to my friends and family who supported and encouraged me wherever 

they are.  

 

 

 

 

 

 

 

 

 

 

 

 

 



5 
 

TABLE OF CONTENTS 

                                                                    page 

ACKNOWLEDGEMENTS ................................................................................................ 4 

LIST OF TABLES .............................................................................................................. 7 

LIST OF FIGURES ............................................................................................................ 8 

ABSTRACT ........................................................................................................................ 9 

CHAPTER 

1    INTRODUCTION .................................................................................................. 10 

2    LITERATURE REVIEW ....................................................................................... 13 

Coastal Cities Affected by Climate Change ..................................................................... 13 

Ecological Adaption to Climate Change ........................................................................... 17 

Societal Adaption to Climate Change ............................................................................... 18 

3    METHODOLOGY ................................................................................................. 21 

4    CASE STUDY ........................................................................................................ 26 

     Lower Manhattan, New York,USA ........................................................................ 26 

         Background ..................................................................................................... 26 

         Identify Climate Changes ............................................................................... 27 

         Vulnerability Assessments for Lower Manhattan ........................................... 29 

         Motivation ....................................................................................................... 30 

         Resilience measures ........................................................................................ 30 

         Analysis........................................................................................................... 34 

    Miami-Dade County,Florida,USA ............................................................................ 36 

        Background ....................................................................................................... 36 

        Identify Climate Changes ................................................................................. 36 



6 
 

        Motivation ......................................................................................................... 44 

        Resilience measures .......................................................................................... 47 

        Analysis............................................................................................................. 51 

    Sanya,Hainan,PRC .................................................................................................... 52 

        Background ....................................................................................................... 52 

        Identify Climate Changes ................................................................................. 53 

        Vulnerability assessment for Sanya .................................................................. 55 

        Motivation ......................................................................................................... 58 

        On-going action ................................................................................................ 61 

5   SUMMARY AND CONCLUSION ......................................................................... 64 

APPENDIX ....................................................................................................................... 73 

LIST OF REFERENCES .................................................................................................. 74 

BIOGRAPHICAL SKETCH� .......................................................................................... 83 

 

 

 

 

 

 

 

 



7 
 

LIST OF TABLES 

Table                                                            pages 

Table1.Risk assessment of coastal provinces in 2016……………………………………15 

Table 2: Basis data Comparison of three coastal cities…………………………………..22 

Table 3: NPCC 2013 chronic hazards projections ……………………………………....28 

Table 4: Buildings in the floodplain ………………………………………………..........34 

Table 5.1:1foot sea level rise in Miami-Dade County ……………………………………42 

Table 5.2:2 feet sea level rise in Miami-Dade County ……………………………………43 

Table 5.3:3 feet sea level rise in Miami-Dade County ……………………………………44 

Table 6: Lands acquired during the report period Jan 21, 2015- Jan 7, 2016. ………..…48  

Table 7: Affected population and economic loos due to extreme weather………………55 

Table 8: Estimation of sand beach loss in Sanya Bay due to SLR. ……………...…... ...56 

Table 9: Mangrove reduction in Sanya, PRC………………………………………........58 

Table 10: Waterfront parks project………………………………………………………61  

Table 11: The summary of resiliency measure in coastal communities…………………66 

 

 

 



8 
 

LIST OF FIGURES 

Figure                                                            pages 

Figure1. Sea level trend from 1980 to 2016 …………………………………………………....14 

Figure 2: Temperatures for Miami, FL between 1948 and 2015 …………………………….....38 

Figure 3: Precipitation for Miami, FL between 1948 and 2015 ……………………...............…39 

Figure 4. Mean sea level trend at Miami Beach, Florida ………….…………….………………40 

Figure 5: The percentage of the area inundated for increments of sea level rise in meters; the 

percentages of the population affected by various increases in sea level; the cumulative and 

incremental percentages of property value affected by inundation for Miami-Dade 

County ………………………………………………………….………….……………………40 

Figure 6: Average temperatures of Sanya, Hainan province ……….………………...…………54 

Figure 7: Sea level trends for Sanya, Hainan province in2015 and 2016 ……….………………55 

Figure 8: Average precipitation for Sanya, Hainan province ……………………..........……….55 

 

 

 

 

 

 

 



9 
 

Abstract of Master’s Research Project Presented to the  

Graduate School of the University of Florida in Partial Fulfillment of the Requirements  

for the Degree of Master Science in Architectural Studies 
 

INCREASING SOCIAL-ECOLOGICAL RESILIENCY  

TO CLIMATE CHANGE IN COASTAL COMMUNITIES 

By 

Mengyi Li 

August 2017 
Chair: William L. Tilson 

Co-chair: Robert J. Ries 

Major: Architecture 

    Densely populated, Low-lying coastal regions are globally under threats, requiring coastal 

administrators to develop new measures to deal with climate-related threats, such as land 

subsidence, sea level rise (SLR) and storm surge caused inundation. Traditional engineering 

approaches optimizing for human safety are often negligence with social and ecological services 

and are neither sustainable nor resilient (Slobbe. 2013). With the impact of climate change growing, 

densely populated coastal areas need more resilience solutions that are robust, sustainable, 

adaptable, multifunctional and yet economically feasible. There is a need to come up with coastal 

protection planning that are adapted to gradual climate changes, while considering ecological 

values and socioeconomic functions. The purpose of this research is learning from two case studies 

in the USA (Lower Manhattan, Miami-Dade County) and one in Sanya, Hainan province –a China 

coastal city, and then summarize those experiences to prepare for the climate-related threat. 



10 
 

CHAPTER 1 

INTRODUCTION 

    Many of the observed climate changes are unprecedented over decades to millennia. The 

atmosphere and ocean have warmed, the amounts of snow and ice have diminished, sea level has 

risen, and the concentrations of greenhouse gases have increased (IPCC 2013), consequently, most 

countries are exposed to climate-related risk. Climate change is projected to increase hurricane 

intensity as well as the rate of SLR (Vermeer and Rahmstorf 2009; IPCC 2014). Since 1900, the 

global rate of SLR has averaged 0.04 to 0.06 feet per decade (Church et al., 2013), and surge storm, 

which is likely to be exacerbated by SLR. Waterfront cities with low-lying areas are especially 

vulnerable to SLR and storm surge that climate change was expected to bring. The current and 

future implications of recurrent flooding and rising sea level are salient concerns for coastal zone 

communities because flooding and inundation events may become more frequent and intense 

(Nicholls 2004; CCSP 2009). The dominant impacts of a rise in sea level are the loss of land due 

to flooding and erosion, which threaten the human-built environment, as nearly 20% of the world’s 

population lives within 30km of the sea, and approximately 40% live within 100 km of the coast 

(Shiuen et al., 2005). As coastal population growth and its demand for housing and city services 

increase, the problem maybe more severe in the future; increased inundation areas during storm 

surges and rainstorms, which makes public resources and infrastructure in low-lying areas at 

risk(IPCC, 2013), it also responsible for huge economic losses, for instance, the deadliest and 

costliest storm of the 2012 Atlantic hurricane season resulted in exceeding $50 billion 
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(NOAA.2013); Additionally, the intrusion of saltwater into aquifers, estuaries, and wetlands 

which shrunk ecosystem service, urbanization has cost the region 85 percent of its coastal wetlands, 

further reducing the natural capacity of the landscape to buffer developed areas from the impact 

of storms. All these are disrupting the economic and environmental fabric of coastal communities.  

    We used to build higher dikes or sea wall to defend coastlines from flooding to prevent land 

loss, protect assets and human safety. Failing to provide for the natural growth, we need to remain 

flexible in adapting to climate change in the long-term, until we find a resilient way to live with 

water instead of fighting with it. This makes it possible to take social and environmental value into 

account while we respond to the emergent climate risk. Therefore, we need to increase resiliency 

and turn climate-related risk into economic stimulus, providing high livability and sustainable 

coastal communities.  

    This study examines two case studies in the United States (Lower Manhattan and Miami-

Dade County). First, it will identify climate changes and their climate impact on these coastal 

regions; Secondly the number of affected land values along the coastline will be used to make a 

vulnerability assessment, and thirdly, this research will review the local development plans, which 

are important to assess how development context could modulate climate risks. Lastly, it will 

identify climate resilience measures, how they have improved urban and ecosystem vulnerability 

in coastal area and which measures may be extracted and applied to Sanya, a coastal city in the 

island province of Hainan, China.  
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    The purpose of this research is to identify whether coastal regions in China could adapt those 

experiences from the Unites States to prepare for the climate-related threat. The Southeast China 

coast faces to the Bohai Sea, Yellow Sea, East China Sea and South China Sea1. According to 

monitoring data from tide gauge stations, the sea level ascent rate has been rising at the rate of 

2.6mm/a along the China coast in the past 30 years, which is higher than the global 

average(NOAA,2011) and such trend is going to continue. Hainan as the southernmost island 

surrounded by South China Sea is one of the highest developing provinces, which is significantly 

affected by SLR, especially when extreme weather occurs. And the sea level is expected to rise by 

85-132mm over the next 30 years (Marine Forecasts,2012). In 2015, the Ministry of Housing 

approved the “Double Repair” construction development in Sanya. Sanya was chosen as the first 

experimental pilot city from now could be a good template of coastal region ecologic repair and 

urban redevelopment for further study.  

The next chapter of this thesis reviews the background and the implications of coastal 

resiliency and current policies that support for coastal repair. Chapter 3 outlines the research 

methods employed for data collection and analysis. Chapter 4 presents two case studies in the USA 

and one in China. Finally, a conclusion concerning the applicability of the resiliency measures 

they have taken to different coastal communities are presented.  

 

 

                                                
1 70 percent megacities and medium-size cities located in coastal area, which account for 13 percent of total national territorial 
area, having 40 percent of the population and creating 60 percent of GNP(NOAA,2011) 
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CHAPTER 2 

LITERATURE REVIEW 

Coastal Cities Affected by Climate Change 

   ‘Global climate change is expected to cause SLR. According to the Intergovernmental Panel 

on Climate Change’ (IPCC in 2001), it is very likely that global warming will significantly 

contribute to future SLR through the thermal expansion of sea water and the widespread loss of 

land ice (Shiuen et al., 2005). As stated in China Sea Level Report 2016, sea level has been rising 

at the rate of 3.2mm per year from 1980 to 2016 in coastal regions, which is higher than the average 

global rate. The 2016 sea level was projected to be 82mm above the annual average sea level, 

which is arriving to the highest level from 1980’s. (Figure 1). Each of China’s sea zone has an 

obvious increase in sea level. Compare to the sea level in 2015, the Bohai Sea, Yellow Sea, East 

China Sea and South China Sea are rose 24mm, 28mm, 52mm and 48mm respectively in 2016 

(State Oceanic Administration,2016). 

 

Figure1. Sea level trend from 1980 to 2016 (State Oceanic Administration,2016) 
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    The rise of the sea level exacerbates the extent of storm surge, flooding, coastal erosion and 

seawater intrusion in China's coastal areas. The impacts of climate-related and other natural 

disasters cause direct financial losses of about 720 million US dollars (5040 million RMB) and 60 

people killed in 2016 (Table1). Among various types of climate-related risks, storm surge 

contributes the most significant economic losses, accounting for 92% of the total direct economic 

losses, coastal erosion ranked second, and all deaths caused by waves (Oceanic Disaster Report 

2016). China accounted for five of the top 20 coastal cities in terms of average annual economic 

losses (AAL) in percentage of GDP for 2005, and Stephane and his colleagues assume that this 

situation will continue and Guangzhou remains the most vulnerable city with AAL exceeding 

US$12 billion in 2050 (Stephane et al., 2013.) 

Province Hazard Death Economic 

loss (million 

US dollars) 

Gradual Extreme 

events 

Others 

Liaoning SLR 

 

Increased 

precipitation 

 

Higher 

average 

temperature 

Strom surge,  Sea-ice, 

Erosion 

0 6.42 

Hebei Strom surge - 0 133.57 

Tianjin Strom surge - 0 11.43 

Shandong Strom surge,  Erosion 0 34.15 

Jiangsu Strom surge, 

Waves  

Sea-ice 0 5.28 

Zhejiang Strom surge, 

Waves 

- 17 34.58 

Fujian Strom surge, 

Waves 

- 23 231.59 
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Guangdong Strom surge, 

Waves  

Erosion 4 137.58 

Guangxi Strom surge - 0 38.42 

Hainan Strom surge, 

Waves  

Erosion 16 81.28 

Total 60 720 

Table1.Risk assessment of coastal provinces in 2016 (State Oceanic Administration,2016) 

    Modern society has become more sensitive to the economic and social damage caused by 

climate risk due to the fact that the coastal infrastructure has been planned more complicated and 

populations have become larger and more condensed (Kim et al., 2015). In 2016, the fourteenth 

typhoon Meranti had not yet subsided, when the sixteenth typhoon Malakas came and headed 

straight to the east coast of the Chinese mainland. China's State Flood Control and Drought Relief 

Headquarters to triggered a level III2emergency to facing with Malakas. Intensive storm surge 

affected five coastal provinces. Fujian is one of the significant affected coastal provinces that 

suffered serious infrastructure damage and flooded neighborhoods, Malakas caused 3.81km of 

seawall destruction and destroyed 17.43km of roadways. Malakas's surge also affected maritime 

transportation, disrupting 4361 aquaculture facilities, 222 ships and 6 ferries, and caused economic 

loss 108 million US dollars (Oceanic Disaster Report 2016).  

    Intensive risks make coastal development more challenging. These challenges may include: 

buildings destroyed in inundated areas; damage to infrastructure services, such as utilities, 

                                                
2 China has four level emergency response: �, �, �, � level.  
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telecommunication, transportation and sanitation; and degradation of natural resources that 

support coastal livelihoods and provide protection. Worldwide climate-related risk happens in the 

U.S. as well. During and after Hurricane Sandy hit the east coast on October 29, 2012, flooded an 

area that included approximately 88,700 buildings, nearly 30% of the city’s electric generating 

capacity was temporarily lost. Five major electric transmission substations in the city inundated 

and closed. Parts of the natural gas distribution network were flooded. And four of six steam plants 

in the city were knocked out of service (Planyc, 2013). Storm waters flooded tunnel entrances and 

ventilation structures, as well as affecting maritime transportation, damaging landings and docks 

and inundating facilities on land. Those citywide system disruptions make it difficult for healthcare 

staff to travel to their workplaces when emergencies occurs (Planyc, 2013). The increasing 

challenging due to climate change has a tremendous impact not only on the people and 

infrastructure but also on agricultural land use and marine systems. From the agricultural point of 

view, the areas mostly affected by coastal inundation are aquaculture facilities, rice fields, and 

mixed cultivated land. A strong scientific consensus that substantial intertidal habitat loss due to 

climate change is projected to begin to occur by 2100, with approximately 18%,29%, and 39% 

losses at Willapa, Humboldt, and northern San Francisco Bays respectively, and 70% and 57% 

losses at Southern San Francisco Bay and Delaware Bay respectively. SLR may reduce the spatial 

extent of species habitat by exceeding the accumulation rates of coral reefs and marshes 

(Christopher et al., 2006). The threat of climate change requires communities worldwide to 

redouble their efforts and increasing resiliency. 
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Ecological Adaption to Climate Change 

   In order to optimize human safety and property protection, we normally build hard coastal 

defensive structures to fight against water. We primarily pay attention to the area to be protected. 

However, these ‘hard’ coastal defense engineering strategies like storm surge barriers and dams 

are still not reliable enough because the barrier blocks all the in and out sediment transport, and 

the outer delta will increase along with the sea level, but the basin behind the barrier will not 

because there is no sediment transport (Slobbe et al., 2012). This sediment gap shows that it will 

be impossible to take out the barrier at the end of its life cycle (Slobbe et al., 2012).  

    These strategies failed to respect the ecosystems. Farber (1987) and Costanza et al. (2006) 

mention several instances where human intervention, such as the construction of levees for flood 

protection and navigation, that have led to the increased vulnerability of the Louisiana coast.  

Marine habitats located along the intertidal zone out to the continental shelf break are predicted to 

offer over 14 trillion US dollars’ worth of ecosystem goods and services every year (Christopher 

et al., 2006). However, the scientific consensus is that this intertidal habitat area will be decrease 

by 20% to 70% over the following 10 decades in the ecologically important North American bays, 

where the hilly contour and the human made structures prevent the inland reduction of mud flats 

and sandy beaches (Christopher et al., 2006). 

Ignoring ecosystem functions may exacerbate the vulnerability of coastal region to climate 

change. Hurricanes, typhoons, and their related impacts affect societies throughout the world. They 

do so both directly through acute damage on human settlement, often with major loss of life, and 
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indirectly through their impact on coastal ecosystems such as coral reefs, seagrass beds, and 

mangroves that support local societies and economies (Pielke et al.2003). Damage after Hurricane 

Katrina in New Orleans in the United States, has highlighted the importance of addressing 

ecosystem service in management decisions involving coastal settlement and infrastructure 

policies, such as the flooding protection that wetlands provide (Costanza et al. 2006). In 2002, the 

Sungei Buloh coastal wetland in Singapore joined 30 other sites as part of the East Asian 

Australasian Shorebird Site Network for addressing the well-being of the wetland habitat and its 

wildlife. It is time to take into account ecological function facing climate change and develop more 

resilient coastal protection infrastructures. Whereas the Netherlands would once have responded 

to flooding by building higher dikes, in the late 1990s they realized that flood risks were only 

going to intensify with climate change. Beginning in 2015, national program in the Netherlands 

called 'Room for the River’ that moved dozens of dikes back to make room for swelling rivers. 

The measures implemented to increase safety will also restore marshy riverine landscapes to 

deliver biodiversity, aesthetic and recreational values, and the extra room the rivers will need in 

the coming decades to cope with higher discharges due to the projected climate changes, will 

remain permanently available. 

Societal Adaption to Climate Change  

    In the research of global costal population analysis by Small and Nicholls, they found that 

both population and land area are in greater abundance closer to the coast, the average population 
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density of the near coastal zone is nearly three times higher than the average global population 

density of 44 people per square kilometer within 100 km of coastline. The most densely population 

near coastal areas are in Europe and Asia (Small et al. 2003). Asia had the largest population 

residing in the flood zone, about 30% (137 million) of Asia's LECZ (the low-elevation coastal 

zone) population lived in the 100-year flood plain in the baseline year 2000, which occupies 73% 

of the total global flood zone population (Neumann et al., 2015). Within Asian and Eastern Asia3 

had the highest percentage of population in the LECZ and had the highest LECZ population density 

worldwide in the year 2000.China as the largest population in the LECZ in the year 2000: 11.3% 

of its total population and 23% of the global LECZ population. China is and witnessing an 

increasing trend in LECZ population that is expected to grow to reach 16.7% of their total number 

of people in the LECZ (Neumann et al., 2015).It is extremely important to minimize the impact 

and be adaptable to changing climate conditions on coastal communities in China more than any 

other nation. 

In Europe, 28 million people (account for 56% of the LECZ population) lived within the 100-

year flood zone in the year 2000. This affected population could increase by an amount of 4.2 

million by 2060 and reach a population of 32.4 million (Neumann et al., 2015).  

Nearly 50 million people reside in coastal areas and barrier islands over the last 40 years in 

the United States, which has grown by 46% and is expected to continue rising at the same, or even 

                                                
3 Eastern Asia is including China, Hong Kong Special Administrative Region, Macao Special Administrative Region, 
Democratic People's Republic of Korea, Republic of Korea, Japan (Neumann et al., 2015). 
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above this rate (NOAA. 2009). This population is exposed to more serious climate-related risks 

and may get involve in increasingly severe issues, such as threaten human safety, damage to the 

urban infrastructure and cause economic losses.  

Since the coastal zones tend to offer much higher property values and higher socioeconomic 

growth rates than the non-coastal areas, more effective emergency recovery strategies need to be 

considered within the background of the social function in coastal areas as the population grows. 

Combining ecological, recreational and economic functions with flood control, result in coastal 

development that is less affected by climatic condition. One example at the seaside resort of 

Scheveninge which is a popular tourist destination on the coast in the Netherlands. The project 

took SLR into account due to climate change, and chosen combined a multi-functional space 

covered by a hard seawall structure and concealed beneath a pedestrian-and bicycle-accessible 

open space. Japan is one of the eastern Asia counties that with high population density. Japan 

developed a super-levee project that are constructed in conjunction with urban development or 

redevelopment, that incorporates residential and commercial development into the levee design 

which has become an innovative way of thinking about urban flood protection.  
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CHAPTER 3 

METHODOLOGY 

    This research analyses one region in China and two in low-lying coastal regionals in the US. 

The goal is to identify the ecological and socio-economic resilience measures from the case studies 

that limit the effect of extreme weather while enabling regions to bounce back quickly when those 

impacts cannot avoid. This study will use methodology that introduce each case study with their 

climate changes, coastal vulnerabilities, motivations and resiliency measures.   

    Sanya is located in southern of Hainan Island surrounded by the South China Sea. Sanya is 

in a similar situation with other coastal cities that are affected by sea level rise and extreme weather 

events. In 2016, the Ministry of Urban and Housing issued the “Double Repair” comprehensive 

plan and assign Sanya as the first city to retrofit urban development and restore natural systems. 

The primary land use in Sanya is residential. Major projects planned are the Route Island High 

Speed Rail, airport and five-star hotel.  

The lower east side of Southern Manhattan that has a greater densely population than the New 

York citywide average with housing and commercial development. New York is under threated 

from SLR and storm surge. Generally, the worst issue in the lower east side is that the buildings 

and infrastructures were inundated because were built on glacial out plains and post glacial 

deposits along eastern edge of Lower Manhattan in a 100-year floodplain. Although, shorelines 

can be characterized as hardened sheltered bay plains that have been reinforced with a bulkhead, 
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people just live and work near by the coastline, which is still highly vulnerable to storm surge and 

SLR. The design challenge is make a livable community that residents could enjoy the water view 

without waves attack and mitigate the flooding issue. New York has developed socioeconomic 

resilient measures from to protect building and infrastructures in a creative way without reducing 

amenities, and therefore increasing economic opportunities.   

The most vulnerable area in Miami are conservation lands that consists of mangrove, and 

herbaceous coastal saline and freshwater wetlands, These areas are reducing due to climate 

changes and other human-induced changes. Sanya also is an international coastal tourism 

destination that maybe have similar issue as Miami, such as eroding beach sands, conservation 

land reduction, and integrating ecological benefit into coastal planning.  

Sanya has much higher population and land area in the 100-year floodplain than New York, 

however, they has the lowest population density of 100-year floodplain and Miami, while new 

York take the highest population density (table 2).  
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Table 2: Basis data Comparison of three coastal cities 

Identify Climate Changes 

    Climate change in each region is investigated to assess whether climate and disaster risks can 

have an impact on coastal systems, one of the key abilities is to associate specific climate changes 

with timelines. For instance, analyze the trend of chronic hazards and extreme weather events in 

the past and near future, such as higher temperatures, higher intensity rainfall, and sea level rise, 

as well as acute impacts like coastal flooding and storm surges, and waves. This step can inform 

the designer of the probable magnitude and expand of climate changes influence over a general 

future time frame. 

Vulnerability Assessments 

    After finding out the major climate risks, the next step is to analyze vulnerability in 

conjunction with climate changes, figure out how those climate changes could affect coastal 

development, and determine what is most likely to be impacted by sea level rise and other extreme 
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events that climate changes is expected to bring. The impacts of climate-related and other natural 

disasters make development more challenging. For coastal communities, these may destroy 

infrastructure services, such as water and sanitation; damage to buildings, and degrade of natural 

resources that support coastal livelihoods and provide protection. 

Motivation 

    It is necessary to understand the development context which can modulate risks. Government 

must be the critical motivator when facing worldwide climate-related risks and other natural 

disasters. Under the direction of government policies, plans and funding would accelerate recovery 

and rebuilding coastal communities would accelerate. In addition, private sector, and non-profit 

and community organizations are important resiliency initiatives that will assist in shaping and 

implementing each community plan. 

Resilience Measures 

    After assessing the vulnerability and development context, it is important to design tailored 

climate- and disaster-resilience measures for local conditions. A variety of professionals are 

required to work together to address these risks and help protect and ensure sustainable 

communities. For example, engineers can design flood protection structures to tolerate higher 

storm surges or SLR in addition to earthquakes in areas considered of high risk; and planners can 

develop zoning regulations to reduce or prevent infrastructure development in the most vulnerable 

coastal areas. Landscape architects and architecture designers can put forward protective concepts 
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that mitigate climate-related risks in real. Training for the public can also be achieved in by joining 

community workshops or volunteer groups to support and maintain the project.  
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CHAPTER 4 

CASE STUDIES 

Lower Manhattan  

    In 2012, New York was devastated by Hurricanes Sandy, which was a unique storm in 

recorded weather history. Much of the infrastructure was disabled, the economic heart of the 

Financial District stopped for a week, homes were flooded, and people were trapped in their 

apartments. Many residents are still struggling with the aftermath. Sandy’s magnitude and its threat 

from climate change taught New York that they need more durable long-term resiliency plan to 

provide important protection.  

Background 

The low-lying topography of lower Manhattan is home to approximately 220,000 people and 

is the core of an economy with a $500 billion annual GDP that influences economic activity 

throughout the world. This area also contains 35,000 affordable housing units, many of which have 

been hard hit by Sandy. Over 95,000 low-income, elderly, and disabled residents live there, 

predominantly along the East River. More than 52 million visitors annually come to New York 

City.  
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Climate Changes 

    The New York City panel on climate change (NPCC)4 conducted a comprehensive analysis 

of New York City’s possible vulnerability to climate change and extreme weather events, which 

included chronic hazards like higher temperatures, higher intensity rain, and sea level rise. 

According to the NPCC 2013 Climate Projections, by the middle of the century, sea levels could 

grow more than 2.5 feet (Table 2), more so if the polar ice sheets melt at a faster rate than 

previously predicted (Planyc,2013). A comparison of the 2013 PWMs, 2020s and 2050s 100-year 

floodplains can be found in the Appendix A-1. The NPCC also predicts heats waves could more 

than triple in frequency and it is very likely that New York will experience heavier storms, since 

rainfall is expected to increase by 4 to 13 percent by midcentury. Future projections identify four 

areas of climate risk: storm level surges, sea-level rise, higher temperatures, and escalating peak 

precipitation (Ben. 2017). Strategies include limiting exposures to floodwaters, making buildings 

more resilient, and protecting vital infrastructure more effectively(NYC.2013).  

                                                
4NPCC: One of first American cities to create a body of leading climate and social scientists charged with developing 
local climate projections to analyze future local vulnerabilities(NYC.2013). 
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Table 3: NPCC 2013 chronic hazards projections.
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Vulnerability Assessments for Lower Manhattan 

    Generally, Lower Manhattan can be characterized as residential areas with local retail stores. 

The number of buildings in the area inundated�by Sandy was substantial. In total, over 950 

residential buildings (containing 46 million square�feet of space and more than 40,000 units) and 

96% over 700 commercial and non-residential buildings (containing 85 million square feet of 

space)�were affected by floodwaters. Of this total, 24�percent of the impacted floor area was in 

the�neighborhoods of the East Side, 28 percent in�the neighborhoods of the West Side, and 

48�percent in Lower Manhattan. Perhaps most�importantly, 58 percent of all impacted residential 

units were in the neighborhoods of the�East Side.  

Throughout Lower Manhattan, the number of at risk buildings could rise to approximately 

2,300 buildings by the 2020s (a 43% rise over the PWMs5) and to over 2,700 buildings by the 

2050s (a further 18% increase over 2020). Location and level of building damage can be found in 

Appendix A-2.   

                                                
5 PWMs: Preliminary Work Maps which was released in June 2013 by FEMA.  
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Table 4: Buildings in the floodplain 

Motivation 

    The Federal government department is expected to lead resiliency efforts. The Mayor’s Office 

of Recovery & Resiliency (ORR) plans, develops, tracks and coordinates of all the recovery and 

resiliency efforts across all the city agencies, and it will provide a coordinated voice for the city’s 

resiliency efforts. In 2013, the Department of City Planning (DCP) proposed the Flood Resilience 

Zoning Text Amendment. This amendment changes the height, floor area, and the permitted 

obstruction regulations in order to ensure that the neighborhoods in the floodplain are kept vibrant 

(NYC Planning, 2013). The Department of Housing Preservation and Development (HPB) is 

responsible for the enforcement of the State and City laws and codes that are related to housing 

quality and safety, and is also in charge of ensuring compliance with the quality standards for that 

program.  
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    It is clear that the city needs extensive help from the federal government in order to fund the 

rebuilding of homes and communities. The federal government’s Community Development Block 

Grants Disaster Relief (CDBG-DR) is allocated as a means to help affected areas recover from 

presidentially-declared disasters. It is administered by the U.S Department of Housing and Urban 

Development. The Mayor’s Office of Housing Recovery Operations (HRO), provided financial 

and other types of assistance to the owners of residential properties that were destroyed or that 

were substantially damaged during Hurricane Sandy, which included approximately 30 residential 

buildings, encompassing approximately 400 housing units in Lower Manhattan. The Sandy 

Funding Tracker database improves the transparency of the public disclosure of where Sandy-

related funds go. 

    After Hurricane Sandy passed, an innovative design competition, Rebuild by Design is 

launched by President Obama’s Hurricane Sandy Rebuilding Task Force, which combine 

innovation and global expertise with the community assist that was needed in order to come up 

with applicable measures to the region’s most complex needs (Rebuild by Design. 2013). This 

sector is also in partnership with several community organizations, non-profit organizations and 

businesses in order to develop and implement coastal protection measures. The Rebuild by Design 

Competition changed the way that the federal government responded to disasters. Many other 

competitions were inspired by the Rebuild by Design competition model and collaborative 

approach.  
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In 2014, President Obama launched the National Disaster Resilience Competition, which 

distributed $1 billion to 13 cities and states countrywide in order to fund the resilience-building 

projects. Internationally, The Rockefeller Foundation, cooperates with the United States Agency 

for International Development and The Swedish International Development Agency developed the 

Global Partnership for Resilience (Rebuild by Design. 2013). 

Resilience measures 

The BIG U project6 proposal focuses on lower east side of Manhattan since those regions are 

considered highly vulnerable to storm surges and has the highest impacted residential units. Design 

scope is divided into three compartments hardest hit by Hurricane Sandy: C1, East River Park; C2, 

Two Bridges; and C3, Battery to Brooklyn Bridge, 

In C2, which encompasses a low-lying area between the Brooklyn and Manhattan bridges, 

about half of the area is the Governor Alfred E Smith Houses Campus, a public housing complex 

built by the New York City Housing Authority (NYCHA) and other affordable housing built by 

not-for-profit organizations. The other half of the area is an extension of the tenement row houses 

of Chinatown (Rebuild by Design.2016). This densely populated community is severely lacking 

the range of programs, such as community centers, swimming pools, sports fields and other 

recreational programs for youth, senior centers, nearby pharmacies and grocery stores for the 

elderly population.  

                                                
6 The BIG U project is one of the six winners in the Rebuild by Design competition that held by Department of Housing and 
Urban Development (HUD) to restore parts of the U.S. that were hit by Hurricane Sandy. The BIG U has been granted $335 million 
from federal funds as a part of the project to upgrade Lower Manhattan’s storm defenses, and New York City has committed 
CDBG-DR funding for implementation of first phase. 
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Two options were developed. The first one is to attach the deployable walls to the underside 

of the FDR Drive, ready to flip down to prepare for flood events. When not in use, these panels 

are decorated by neighborhood artists, creating an inviting ceiling above the East River Esplanade. 

At night, they provide lighting and security in dark spaces (see Appendix A3). In certain segments 

of C2, residents were concerned that the walls could cause a loss of water views and light. Thus, 

alternative one is to insert a 4 foot high “Big Bench” underneath the elevated FDR and during 

storm surge closed the opening bench at the adjacent street intersections with deployable gates 

(see Appendix A4).  

    For the long-term resilient community planning, the BIG team7 designed a landscaped berm 

integrated into the South and West margins of the Smith Houses Campus. The berm replaces 

underused lawn and surface parking areas with community-accessible open space and a robustly 

planted landscape that filters exhaust from the adjacent FDR8. The residential apartments in the 

path of the berm are integrated into it, with reconfigured points of egress. Ground floor residents 

of these apartments could be relocated to a new building on the campus, while the parking, even 

insert stormwater retention tanks underneath the berm. Some recreational amenities such as a 

swimming pool are inserted into the inland side of the berm, creating an immersive lush 

entertainment experience, while supporting open landscape and social space above. This 

intervention meets social and recreational need and maintains the connection between the 

                                                
7 BIG referrers to Bjarke Ingels Group which is a group of architects, designers, builders, and thinkers operating within the fields 
of architecture, urbanism, interior design, landscape design, product design, research and development. 
8 FDR referred to as the Franklin D. Roosevelt East River Drive, is a 9.44-mile (15.19 km) freeway-standard parkway on the 
east side of the New York City borough of Manhattan. 
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neighborhood and the waterfront, while protecting against extreme weather events. Taking 

blackouts in emergencies risks into consideration, a Cogeneration plant (Co- Gen plant) and a 

community micro grid could be built on the campus that would be increases energy efficiency and 

reduces emissions. A Co-Gen Plant can also be placed in one of the evacuated ground floors, this 

function is combined with other community resilience functions, such as charging stations and 

health services (BIG.2012).  

    From the landscape aspect, since tree canopy suffered tremendous loss from salt water 

inundation during Sandy. NYCHA replaced these trees with a diverse mix of salt-tolerant species, 

both in groves in the interior of the community and lining the boulevards leading to the water. Rain 

gardens were created that can capture storm water as well as provide with social spaces, for 

instance, lawns and sports fields can detain water in storm events. Traditionally impervious 

surfaces that absorb heat and contribute to storm water runoff, therefore, convert roofs into 

extensive green roofs or blue roofs to absorb and detain storm water. Roadways and parking lots 

can be repaved with permeable paving.  

In segment C3, a “Reverse Aquarium” floating building program for the Maritime Museum 

and the New York Harbor Middle School is proposed. A glass structure creates in-water 

educational and cultural experiences, its form is derived from the flood protection at the water-

facing ground floor.  
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Analysis 

    Lower Manhattan is a highly urbanized regional with high population density, with nearly 

half of the land area man-made land at a low elevation. Lower Manhattan was a severely inundated 

flood plain during Sandy�the flood issues more concentrated on real estate and human safety. In 

the design competition, Rebuild by Design, that launched by President Obama’s Hurricane Sandy 

Rebuilding Task Force, the BIG Team’s approach demonstrated a deep understanding of the 

region’s economic, political, social and ecologic environment. BIG integrated sustainable features 

into infrastructure and the built environment-evacuated berm with vegetation-so that interactions 

with nature fosters a conservation ethic among city residents while providing resiliency to future 

storms. Furthermore, BIG proposed flood-proofing buildings, avoiding below grade basements, 

elevating mechanical systems, utilizing evacuated space on ground floors for amenities, parking 

and stormwater retention, new commercial activity in certain repurposed ground floor spaces that 

would connect residents with the new jobs, which bring social and economic benefits. In order to 

keep the total number of apartments equal, affordable housing would be added in a replacement 

building; An energy plant on campus would provide backup in emergency. Other 

recommendations include increasing the area of pervious surfaces where they can effectively 

increase infiltration, applying native species bio-swales, rain gardens, and street plantings that 

absorb and clean stormwater, mitigate the urban heat island effect, reduce air pollution, store 

carbon, buffer noise, enhance recreational activities, improve mental health, and provide green 

jobs.  
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Miami-Dade County 

    Like most coastal areas, Florida’s Miami-Dade County is vulnerable to climate change. With 

the county’s unique topography, sea level rise will increase flooding, causing the county and its 

infrastructure, people, and natural resources to be “squeezed.” The county’s major economic 

sectors, agriculture and tourism, will suffer greatly. 

Background 

    Florida is the most vulnerable state to sea-level rise in the United States, and Miami has the 

largest amount of exposed assets and the fourth-largest population vulnerable to sea-level rise in 

the world with128,548 people inhabitant land below 3 feet above sea level, which account for 

about 23% of total population(5.56million). The geographical nature of the Miami-Dade County 

generally accelerates the extent of the climate change impact: there are extensive length of inland 

waterways and low-lying coastal wetlands in the southern region which abut against the 

Everglades National Park in Miami-Dade County (Southeast Florida Climate Compact.2012).  

Climate Changes 

    The first step to increasing the resiliency of the county’s infrastructure is to understand how 

key climate variables are expected to change. For Miami-Dade County, key climate risks include 

changing temperatures, precipitation, sea levels, groundwater heights, and storm patterns (Miami 

Dade county. 2016).  
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Temperatures 

    National Weather Service records monthly temperatures for Miami in four categories from 

1948 to 2015. The four warmest years (2011, 1990, 1994, 2009) in crimson, five lowest periods 

(1966, 1968, 1958, 1962, 1963) in blue, 1981-2010 in dark grey, and 2015 period in mint. It is 

witnesses to global warming (Figure 2).  

 

Figure 2: Temperatures for Miami, FL between 1948 and 2015 (NOAA,2015) 

Precipitation 

    The National Weather Service records precipitation for Miami in four categories from 1948 

to 2015. The five wettest years (1959, 2012, 1968, 1966, 1994) in mint, five driest periods (1956, 

1951, 1975, 1955,1961) in brown, 1981-2010 normal underlid in dark grey, and 2015 period in 

lite blue. The intense precipitation occurs from May to October (Figure 3).  
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Figure 3: Precipitation for Miami, FL between 1948 and 2015 (NOAA,2015) 

SLR  

The plot at Miami Beach shows the monthly mean sea level without the regular seasonal 

fluctuations due to coastal ocean temperatures, salinities, winds, atmospheric pressures, and ocean 

currents. The mean sea level trend is 2.39 millimeters/year with a 95% confidence interval of +/- 

0.43 mm/yr based on monthly mean sea level data from 1931 to 1981 which is equivalent to a 

change of 240mm in 100 years (Figure 4). 
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Figure 4. Mean sea level trend at Miami Beach, Florida(NOAA.2013) 

Flooding 

    According to a record of flooding frequency that rain-induced events jumped by 33% over 

the past 16 years since 2006 and tide induce events even more worse, from 2 events to 8-16 events 

form 1988 to 2013(Southeast Florida Climate Compact.2015).  

 

Figure 5: The percentage of the area inundated for increments of sea level rise in feet; the percentages of the population 

affected by various increases in sea level; the cumulative and incremental percentages of property value affected by 

inundation for Miami-Dade County (Miami-Dade County.2016).  



40 
 

    The purple bars give the percentage affected area, population and property value for each 

increment of sea level rise as read on the right-hand side axis (Figure 5). For instance, 4.92ft of 

sea level rise inundates an additional 20% of the land area, affects an additional 7% of the 

population and damages an additional 8% of property value of Miami-Dade County. The red 

curves show the cumulative index and are read on the left-hand side axis. For example, 4.92ft of 

sea level rise inundates nearly 60% of the land area, affects 15% of total population and about 

damages about 20% of property value of Miami-Dade County. 13.13ft of sea level rise is enough 

to submerge all Miami-Dade County’s land. 

Vulnerability Assessments for Miami-Dade County  

    According to the report named Analysis of the Vulnerability of Southeast Florida to Sea Level 

Rise that the region of Southeast Florida is potentially vulnerable to sea level rises of 1, 2 and 3-

feet, countywide map 1,2, as well as 3-feet SLR in the Miami-Dade County (see Appendix B). A 

bunch of SLR projection for the Southeast Florida is that the scenario for a 1-foot rise could take 

place between the years 2040-2070, the two-feet scenario from 2060–2115 and the three-feet 

scenario from 2075-2150 (Southeast Florida Regional Compact. 2012). 

    The vulnerability assessment for the Miami-Dade County found out that a 12 percent 

(121,378 acres) of Miami-Dade County’s total land width s filled with conservation lands that are 

at risk of a 1-foot SLR scenario being the major land use type inundated (Table 5.1). 16% of the 

land under the risk of a 2-feet rise scenario, which is comprised of agricultural lands areas and 

conservation lands (Table 5.2). At the 3-feet scenario, affected lands of county are increase to 18%, 
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including the Northwest Municipal Drinking Water Wellfield which is in the inland areas. (Table 

5.3). 

Natural System Reduction 

    Major areas of the land will be affected first in the natural systems (Southeast Florida regional 

compact. 2012). ‘The conservation of the land of the most potential inundation areas in Miami 

Dade County consists of buttonwood, mangrove, scrub mangrove, and herbaceous coastal saline 

and freshwater wetlands’ (Southeast Florida climate compact,2012). Although the values of these 

properties have little reflected in the taxable values of the properties, they are still notable for the 

critical habitat that they offer to the wildlife, and play an important role in the differing mix of 

attractions that fasten the local’s tourism and real economic development (The Nature Conservancy. 

2017). 
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Table 5.1:1-foot sea level rise in Miami-Dade County 
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Table 5.2:2-foot sea level rise in Miami-Dade County 
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Table 5.3:3-foot sea level rise in Miami-Dade County 

Affected Urban Land Value  

   Besides the conservation lands, Miami-Dade expects additional impacts to generation of 

electricity and usage of agricultural land. staring at the1-foot scenario that urban infrastructure is 

under threat, (Southeast Florida regional compact. 2012). Especially, some electrical generation 

facilities that are located at elevations below sea level, such as a part of the estate at the Homestead 

Air Reserve Base, the Turkey Point Nuclear Power Plant, and the Cutler Power Plant (Southeast 

Florida regional compact. 2012). 71% of the power plants are vulnerable under the one-foot 
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scenario. This number increases to 82% at the three feet scenario. The secondary roads were 

inundated, While the railroads were not. With over 500 miles of roads that will be potentially 

inundated at the three feet of sea level rise scenario (Southeast Florida regional compact. 2012). 

 

Motivation 

    In 2009, Miami-Dade County joined the four-county Southeast Florida Regional Climate 

Change Compact9 which work collaboratively on mitigation and adaptation strategies, such as 

joint policies to influence climate legislation and funding at state and federal levels, developing a 

Regional Climate Change Action Plan, and hosting annual summits to review progress and discuss 

strategies. In 2013, the Board of County Commissioners approved integrating climate change 

considerations into multiple elements of the Comprehensive Development Master Plan (CDMP) 

which requires county departments to take climate change into consideration during capital 

improvement projects and other decision-making processes (Alexis et al.2016).Division of 

Environmental Resources Management (DERM) is involved in a number of efforts that have the 

potential to reduce the impacts of storm surge, improve drainage, and reduce flooding, for example, 

reseeding mangroves, preserving coastal wetlands, acquiring new conservation land through its 

Environmentally Endangered Lands Program, conducting erosion control and beach nourishment, 

and implementing other natural resource restoration projects (Miami-Dade County.2014).  

                                                
9 the Southeast Florida Regional Climate Change Compact which includes Miami-Dade, Broward, Palm Beach and Monroe 
counties (Miami-Dade County, Office of the Mayor). 
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    South Florida Water Management District is to operates and maintain an extensive water 

management network of canals, levees, water storage areas, pump stations and other water control 

structures (Miami-Dade County.2016). The Miami-Dade County Office of Emergency 

Management led the Local Mitigation Strategy Working Group10 created Miami-Dade County 

Local Mitigation Strategy which contains a list of mitigation projects in relation to the climate 

hazard and vulnerability assessment of Miami-Dade County (Miami-Dade County, 2014).  

    Academic institutions have influence to gather more experts and professionals to 

communicate in academic courses and conferences, and organize workshops so that make further 

process in study. The Consortium for Hydro-generated Urbanism (CHU) 11, at the University of 

Florida, is an interest group partnership with academic institutions, governmental agencies and the 

private sector, shares design and policy studies of adaptation, resiliency, environmental justice and 

asset preservation of waterway cities around the world. 

    Apart from academic research activity, restoration also needs public assistance. The Land 

Acquisition Selection Committee (LASC) is made up of seven citizen volunteers who are 

appointed by the Board of County Commissioners. They conducted a public hearing to consider 

the County's recommendations and the public's comments on the proposals, and assist the County 

in implementing the voters’ mandate and providing a list of environmentally sensitive lands for 

                                                
10 Local Mitigation Strategy Working Group which is made up of representatives from Miami-Dade municipalities, County 
departments, state and federal agencies, schools, colleges and universities, hospitals, private for-profit, and not-for-profit 
organizations. 
11 More information at https://dcp.ufl.edu/architecture/graduate-school/special-programs/consortium-for-hydro-generated-

urbanism/ 
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potential acquisition. Furthermore, citizens can get involved by joining in Environmentally 

Endangered Lands Program Volunteer Workdays to be a volunteer to help to restore natural areas 

in Miami-Dade County. Additionally, the public can report coral reef incidents to Southeast 

Florida Action Network (SEAFAN) that help improve protection and management of Southeast 

Florida coral reefs. 

Resilience measures 

Environmentally Endangered Lands (EEL) Program  

    A previous vulnerability assessment of Miami-Dade County, we found that Miami-Dade 

County’s natural environments are an important first line of defense against climate change. In 

terms of appreciating and understanding that natural system provide us with critical coastal 

protection services (The Natural Conservancy,2014), the Board of County Commissioners passed 

Resolution R-47-15 January 2015,, “to continue strategic implementation of Miami-Dade 

County’s Environmentally Endangered Lands (EEL) Program, consistent with Program objectives 

as approved by the voters, and to identify potential additional long-term funding sources for the 

continued acquisition and management of EEL lands.”( Board of County Commissioners.2015). 

Between January 21, 2015, and January 7, 2016, the EEL Program has successfully acquired and 

managed 249.78 acres environmentally endangered land at a total cost of $1,177,081(Table 6). 

These acquisitions were partially funded in General Obligation Bonds ($1,090,081) and funding 

from the EEL Trust Fund ($87,000). Since the Program’s inception from 1990, EEL along with its 

partners has successfully acquired and managed for a total of 23,500 acres, containing 20,700 acres 
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of environmentally endangered lands, such as wetlands, rockridge pinelands and tropical 

hammocks, and additionally, manages 2,800 acres of park natural lands (Regulatory and Economic 

Resourcves.2015).  

    Biscayne Bay Coastal Wetlands is one of the acquired preserved land by the Environmentally 

Endangered Lands Program, collaborate with Florida Communities Trust to protect the natural 

mangrove coast and provide protection against coastal erosion and storm surge. To enhance the 

ability of preserving this critical ecosystem, the 1996 Mangrove Trimming & Preservation Act 

limits the public and private property to removal and trim of mangroves (Miami-Dade County, 

2014). 

Project Name  Acreage  Purchase Price 

South Dade Wetlands Preserve  246.31 $997,054 

Goulds Pineland Preserve  3.47 $180,027 

Total  249.78 $1,177,081 

Table 6: Lands acquired during the report period Jan 21, 2015- Jan 7, 2016. 

Miami-Dade County Beach Erosion Control  

    Miami-Dade County beaches are famous as worldwide tourist destination, which bursts 

economy of Miami-Dade County. As sea levels rise they affect the beach profiles and erosion rates 

which causes economic and social impacts to the community. Beach erosion control can help slow 

these changes to the County’s beaches and provide hurricane surge protection. Miami-Dade 

County Environmental Resources Management corporates with local, federal and state agencies 

to develop Miami-Dade County Beach Erosion Control projects, which improve and protect 
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beaches from the effects of wave erosion (Miami-Dade County.2016). The recommendations for 

managing these hotspots include breakwater structures, groins, beach renourishment, structural 

improvements and sand tightening (Miami-Dade County.2010). Tens of millions of dollars have 

been and will continue to be invested in these programs in order to protect the shoreline and coastal 

infrastructure from the effects of sea level rise (Miami-Dade County.2016). For instance, Miami 

Beach Truck Haul Nourishment Project that was completed by the end of November 2006, places 

a total of 110,000 cubic yards (30,000, 50,000, and 30,000 cubic yards. at 27th 44th, and 55th 

Streets, respectively) of beach quality sand trucked in from inland quarries; Bal Harbour Groin 

Field was initiated occur in late 2008 called for the removal of the five-existing rubble mound and 

timber groin structures, replacing them with a stepped series of 5 T-head groins, which will 

improve the durability of the beach fill by compartmentalizing it and slightly reducing wave energy. 

The Section 227 program -63rd Street Breakwater constructed of rows of concrete domed 

structures referred to as Reefballs12 intended to break waves, reducing the force of wave action 

thereby mitigating the movement of sand from that area. In its initial phase, implemented a 2,000 

foot-long submerged breakwater structure for the Miami Beach site. Miami-Dade County has 

requested $7.5 million to provide the Federal share of the pending Alternative Sand Test Beach 

Project.  

                                                
12 Reefballs are integrated into articulated concrete mats to minimize settling into the sand and to simplify installation.  
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Central and Southern Florida Project. 

    The efficiency of moving water from urbanized regions to the ocean through a highly-

constrained canal system and water control structures is inadequate, the South Florida Water 

Management District has implemented an impoundment in the western area of Miami-Dade 

County to reduce flooding in the more urbanized southern and eastern regions that are subject to 

significant flooding during major storm events, such as tropical storms and hurricanes, and to 

facilitate groundwater recharge which can help reduce salt water intrusion. Additionally, the South 

Florida Water Management District has already installed two forward pumps in some of the most 

vulnerable areas near the Miami International Airport, funded by the Federal Emergency 

Management Agency.  

Saltwater Intrusion Monitoring Network  

    Miami-Dade County’s potable water is drawn from The Biscayne Aquifer. However, 

saltwater intrusion of the Biscayne Aquifer began when the Everglades were drained to provide 

dry land for urban development and agriculture. (U.S. Geological Survey.2016). South Florida 

Water Management District is responsible to solve the issues of rising risk for flooding, and the 

region’s drinking water quality and natural areas reduction that saltwater intrusion could 

potentially cause.  

    Miami-Dade County has developed an extensive aquifer monitoring network. The South 

Florida Water Management District regulates the withdrawals from the aquifer to minimize this 
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risk by identifying potential “utilities at risk”13 and these utilities are closely being monitored. 

Monitoring network allows the Water and Sewer Department to quickly shift water sources 

between wellfields as conditions require. For example, if movement of the salt front is detected in 

the monitoring network, withdrawals can be shifted to western wellfields to reduce pressure on 

eastern wellfields and reduce the risk of saltwater intrusion (Miami-Dade County Water and Sewer 

Department.2016). The County also implemented Everglades Restoration to increase the recharge 

of the aquifer and will help delay saltwater intrusion; reducing impervious surfaces, increasing 

detention areas, or adjusting canal stages can similarly help protect the quality of the aquifer. 

Currently the Water and Sewer Department is focused on enhancing the existing monitoring and 

certain utilities are not expected to be impacted by saltwater intrusion through 2040.  

Analysis 

    Miami-Dade County, due to its low-lying topography, porous substrate and extensive coastal 

development, it is one of the most vulnerable areas in the world to the impact of climate change 

(Miami-Dade County.2016). Miami has rich natural assets as well as critical urban infrastructures, 

In terms of natural systems, Miami has sought to increase the height and width of beach and dune 

areas; improved dune restoration and vegetation management, including breakwater structures, 

beach renourishment, structural improvements and sand tightening, multiple erosion control 

                                                
13 “utilities at risk”: utilities either did not have a western wellfield, an alternative source of water, or the ability to meet their 

needs through interconnection with other utilities.  
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activities for the segment of shoreline extending maintain a viable beachfront, as well as 

recreational benefits. The major challenge for future nourishment is to identify potential sand 

sources. If there are no viable domestic sources are available for Miami-Dade, the Corps may have 

to seek authorization to pursue non-domestic sources; Under the direction of the Board of County 

Commissioners, the EEL Program provide ecological benefits, containing protected or restored 

fringing mangrove forests; and protect or restore sea grass beds which can trap sediment and 

reduce erosion rates; restore wetlands in flood-prone areas. The ecological health of these 

environments also provides important social and economic benefits to our communities by 

preserving our natural heritage and green spaces for our families, and supporting the tourism 

economy. A key consideration affecting the EEL Program’s long-term success is the ability to 

fund the perpetual management of EEL Preserves and to acquire the remaining land on the current 

Acquisition List.  

    In the urban regions, increased pump capacities and increased impoundment areas to 

temporarily store water during times of heavy rains is recommended. The Water and Sewer 

Department uses a monitoring network to monitor and manage saltwater intrusion condition and 

shift immediately as need.  In addition to flood control, they also apply water management to 

recharge the aquifer.  

Sanya 

    Tropical climate, beaches, and rain forest has made Sanya a favorite tourist spot. In recent 

years, the Sanya municipal government aims to establish an international tropical coastal tourist 
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city with the motivation of various organizations and public support. Residents and tourists could 

enjoy a livable environment considering the economic, political and social environment in this 

area, and the mitigation of climate risks. 

Background 

    Sanya lies at the southern tip of Hainan Island that is surrounded by the South China Sea, it 

is a gateway to the Pacific Ocean and Indian Oceans, Southeast Asia, and Central Asia. It is 

expected that Sanya will have a population of 500,000 by 2020 in its central developed areas, 

covering a total of 74.7 square kilometers. The number of overseas visitors increased significantly 

in 2016 and is expected to be up to 20 million by 2018 (South China MorningPost.2016).  

    Elevation decreases from the north to the south, with a few mountains located in north. The 

south part is flat and facing the sea. Basically, soil in Sanya has high permeability, except that near 

the estuaries, which are clay and less permeable. Generally, developing can be characterized as 

residential areas with local retail stores in the central developed area, with mangrove conservation 

lands in the eastern Sanya.   

    Sanya has the Hainan East High Speed Rail to Haikou and there are plans to develop the 

Hainan West line to create an island loop. This project will be completed by the end of 2017. To 

attract more international visitors, Sanya Phoenix International Airport increases international 

flights, thus tourists can directly fly to 15 countries. It is expected to add more new destinations 

and increase to 20 countries by the end of 2017. The city also plans to build a new airport to ease 
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the congestion at the existing airport, while the cruise terminal at Phoenix Island will soon be able 

to handle the largest cruise ships in the world by 2020 (South China MorningPost.2016).  

Identify Climate Changes 

Temperature 

    Temperature has had obvious increases between 2009 and 2016 (Figure 6). 

 

Figure 6: Temperatures for Sanya, Hainan province, between 2009 and 2016 (WorldWeather Online, 2016) 

SLR 

    In Sanya, SLR has seasonal changes, increasing from July unexpectedly and then reach the 

peak in October and November (Figure 7). It is mainly because sea level is impacted by northeast 

monsoon during that period, which brings much seawater into the South China Sea. Compared 

with the mean sea level, SLR during the peak was 75mm in 2016, 41mm higher than that in 2015. 

It is expected to increase by 75-175mm in the next thirty years. Extreme weather events usually 

occur during seasonal peak SLR time, which will increase the hazard. 
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Figure 7: Sea level trends for Sanya, Hainan province in2015 and 2016 (State Oceanic Administration, People’s 

Republic of China,2016) 

Precipitation 

    Apart from the highest monthly precipitation in 2009, which was nearly 30 inch, rainfall 

was generally stable between 2010 and 2016, no more than 15 inches in peak months (Figure 8).  

 
Figure 8: Precipitation for Sanya, Hainan province, between 2009 and 2016 (WorldWeather Online, 2016) 

Vulnerability assessment for Sanya  

Human Safety and Property  

    The affected population between 2009 and 2014 (Table 7).  
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Year  Affected population  Economic loss �USD million� 

2009 100000 10 

2010 73500 51.84 

2011 12450 4.51 

2012 37450 53.30 

2013 345575 149.75 

2014 6270 10.27 

Table 7: Affected population and economic loss due to extreme weather (Sponge City construction planning, China 

City Planning Department, 2016). 

Shoreline Erosion  

Sanya Bay 

Existing beach Beach length (m) 16360 

Acres 1198 

SLR 200mm Inundation length 2.1-4.1 

Erosion length 17.4 

Total loss length 19.6-21.5 

Loss acres 82.87 

SLR 500mm Inundation length 5.6-10.2 

Erosion length 43.6 

Total loss length 49.2-53.8 

Loss acres 210 

Table 8: Estimation of sand beach loss in Sanya Bay due to SLR. 

Erosion will accelerate with the continued sea-level rise. For instance, if sea level increases 

by 200mm, the total length of eroded beach, including inundation and erosion by waves will 

increase by 21.5m and lose increase to a predicted 83 acres (Table 8). The average erosion for 

western Sanya’s Yalong Bay was almost 1.0m pre year (Qiaohua.1997).  Because of shoreline 



57 
 

erosion in 2016, 32.35 acres were lost, with the damage up to 0.35 billion US dollars (China 

Marine Disaster Report.2016). 

Natural Systems 

Although mangrove ecosystem is of tremendous value for coastal communities and associated 

species, they are destroyed at an alarming rate. The potential impact of climate changes, such as 

temperature, carbon emission, precipitation, storms surge, and sea level also threatens the 

resilience of mangroves. The increase in hurricane intensity over the next century will lead to the 

decrease in the average height of mangroves (Ning et al. 2003). Sea-level rise is expected to 

decrease the geographic distribution and species diversity of mangroves on small islands with 

micro-tidal sediment-limited environments (IPCC 1997). Human activities bring threats to 

mangroves. For example, Hainan Island replaced nearly 50 acres of mangrove forest with 

agricultural land or shrimp aquaculture production over the last decade. Mangroves in Sanya 

decreased by 92% in the area in1959 (Lirong.2011). 
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Year Acres 

Sanya River Yulin River Qingmei Harbor Tielu Harbor Total 

1987 602.94 429.96 227.34 696.84 1952.13 

1999 210.04 121.08 192.74 427.49 963.17 

2009 158.15 71.66 165.56 69.19 469.5 

2015 93.9 18.29 155.68 42.01 308.88 

Table 9: Mangrove reduction in Sanya. (Sanya Ecosystem restoration and urban retrofit comprehensive plan,2016) 

Motivation 

    In 2013, China announced its ambitious Maritime Silk Road 14  which is a network of 

maritime routes that connect Asia, Europe and Africa by Chinese sea ports, for diplomatic and 

economic purposes. Sanya, a coastal city in the southernmost China, surround by the South China 

Sea is a key maritime transportation hub associated with the Pacific and the Indian Ocean. Due to 

its important geographic location, Sanya is on the list of cities on the Maritime Silk Road Economic 

Belt. In 2015, Sanya’s municipal government proposed to create an international tropical coastal 

tourist city with the Belt and Road 15 initiative. For instance, promoting coastal ports and 

                                                
14The Maritime Silk Road: officially the 21st Century Maritime Silk Route Economic Belt is a Chinese strategic initiative to 

increase investment and foster collaboration across the historic Silk Road. 
15The Belt and Road refers to the overland Silk Road Economic Belt and 21st-Century Maritime Silk Road. 
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international hub airports construction, improving the opening up of tourism industry. In 

2015, Central Urban Work Conference highlighted six investment areas to map out blueprints for 

urban development. These include make more efforts are made to enhance urban planning, design 

and construction level, promote ecological restoration and city repair, and thus make cities more 

livable. The National People’s Congress (NPC) issued the 13th Five-Year Plan(FYP)16 in March 

2016, which is the most environmentally-focused FYP from now, which aims to solve China’s 

“unbalanced, uncoordinated, and unsustainable growth” through innovative, coordinated, green, 

open, and inclusive growth (U.S.-China.2017). It attaching great importance to global climate 

change, environmental risk prevention and control, and intensifying ecological conservation and 

restoration.  

    In June 2015, the Ministry of Urban and Housing approved the “Double Repair” 

comprehensive plan. Sanya became the first city to carry out urban repair as well as ecological 

restoration, and at the same time, it needs to optimize urban traffic, reinforce Sponge City and 

utility tunnel construction, which will provide a reference for the transformation and development 

with other cities in the country. The Ministry aims to expand to more than 19 cities by 2017. In 

terms of city repair, it intends to largely complete renovation of shantytowns, underdeveloped 

areas in cities, and dilapidated housing, to improve the urban management level 

(Construction21.2016), ‘increase public and green scape, strengthen planning and regulation to 

                                                
16The 13th Five-Year Plan(FYP): the Chinese government’s most important strategy to address its economic, social, and 

environmental challenges over the next five years (2016-2020). 
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achieve multilayered urban spaces, coherent overall style and look, and cultural continuity’ 

(Central Committee of the Communist Party China.2016), improve urban lighting planning and 

urban skyline, and transform street facade. Ecologically, the emphasis is on coastline and estuaries 

repair, to establish a wetland protection system, and mountain restoration. In terms of “Sponge 

City” construction17, it is not only expected to store, sorb and infiltrate storm water in open space. 

When it comes to flooding, it can also reuse the stored water when it is in shortage. The Ministry 

of Water Resources18 puts forward key water conservancy projects and gives technical support. 

For instance, the government develops key technical standard on water level, flow scale, water 

quality in key water saving spots within the cities, to promote city flood prevention and drainage 

system with the combination of engineering facilities and emergency responding management 

(Kingdom of the Netherlands.2016).  

    The Ministry is also ‘accelerating the utility tunnel construction and the upgrading of urban 

sewage treatment facilities and sewer networks, promoting the recycling and safe disposal of 

sludge, and ensuring that household wastewater and refuse treatment facilities cover all urban areas, 

operate reliably, and are in line with standards’ (Central Committee of the Communist Party of 

China. 2016) 

                                                
17Sponge Cities construction: the concept put forward since end of 2013.Sponge Cities refer to those cities with an infrastructure 
that collects excess rainfall and integrates flood control in urban planning. There are in total 30 pilot cities approved across China 
by 2016. 
18responsible for functioning, guidance and supervision on water conservancy aspect of sponge cities  
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    The Ministry of Urban and Housing partnered with design teams, such as Turenscape19 to 

implement three wetland parks, and one arterial road landscape design. In addition, it will invite 

non-profits, academic professors and website communities were invited to participate in the 

conference and could visit during the project process.  

On-going resiliency action 

Nourish the beaches 

Supported by the Ministry of Urban and Housing, and the provincial committee and 

government, the following steps are taken during the first implementation of this construction. The 

“Double Repair” project has repaired 2.6km of shoreline using 223,000 cubic meters of offshore 

sand to nourish the beach. In 2015, ecologists developed a Sanya Bay restoration and enhancement 

project to preserve the health and structural integrity of the entire dune system. The project is 

aimed to replanting cleared areas with native species and remove non-native plants in Sanyawan 

Road (Guangming Street to Haihong Road). In this project, a total of 4 million Yuan are invested 

to restore approximately 17.4 hectare and 15.1km in length by the end of 2015 (Sanya Daily 

News.2016). Additionally, they have created six Mangrove Forest Conservation and Restoration 

project in Sanya, see Appendix C-1.  

 

 

                                                
19 more information on their official website, https://www.turenscape.com/en/project/index/1.html 
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Waterfront parks project 

The buildings occupying public green land will be phased out within a set time period. 

Moreover, the natural system serves as a buffer for the mainland and protects the shoreline from 

erosion and storm surges will be restored. Sanya sets up six waterfront parks, occupying about 

2,870,000 square meters by 2016(Table 10). All of these parks applied LID (Low Impact 

Development) technology to absorb, infiltrate, store stormwater, and put residents closer to 

greenery. Example include East Wetlands Park, Fengxinlong Eco-Park, and Chunguang Road 

Mangrove Forest Parks,  

Waterfront parks project Strategy  

East Wetlands Park Wetlands 

Bailu Park Bioswales, sink, impoundments 

Fengxinlong Eco-Park Wetlands, Bioswales, impoundments 

Jinjiling Park Bioswales, sink, impoundments 

Chunguang Road Mangrove Forest Parks sink, impoundments 

Sanya West River and Sanya East River 

Shelterbelt  

Pervious pavements, Bioswales, impoundments 

Table 10: Waterfront parks project 

    The approved Sanya Comprehensive Stormwater Utility Control Management plan defines 

the planning, construction, operation and maintenance of canals and drainage improvement 

projects and secondary drainage systems in unincorporated portions of the city. Recent work 
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includes 58km in length, cleaning 76 sewage drain outlets, expanded 7 treatment plants including 

new pumps, and built 6new treatment plants (see Appendix C-2). 

Urban development that leaves no room for the maintenance of woodland, grassland, lakes 

and wetlands that could naturally detain water creates stormwater management challenges. In order 

to construct Sponge Cities, it needs to capture excess rainfall and reuse them in shortage, the 

Chinese government proposed the concept of Sponge City and that applied LID20 (low impact 

development) strategies to absorb, infiltrate, and store stormwater. For instance, increases the area 

of pervious pavements in public square and parking lots, designing bio swales and rain gardens 

along the street, and green roofs for stormwater detention in the community. The China urban 

planning department divided Sanya into six Sponge City districts, which applied LID strategies to 

control stormwater runoff rates (see Appendix C-3). 

 

 

 

 

 

 

 

 

                                                
20low impact development is an alternative comprehensive approach to stormwater management. 
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CHAPTER 5 

CONCLUSION AND SUMMARY 

    In coastal regions, building resilience is very urgent, with the consideration of the trends in 

human settlement, resource use, and global environmental change (Central Committee of the 

Communist Party of China. 2016). Nearly 70% of coastal disasters are associated with extreme 

weather events each year, such as storm surge, and flooding, which are supposed to become more 

common hazards because of the shifts of climate and SLR.  

    Due to the different matrix of coastal regions, diversified measures should be adopted to meet 

various the development contexts and backgrounds. The effective measures in one region may 

exacerbate problems under different contexts. Therefore, adaptation measures should be chosen 

on a site-specific basis with a detailed analysis of potential implications. The following table is 

combined by four systems, which are previously addressed in the discussion of three coastal 

regions (Table 11). The table provides a complete overview of potential resilience measures to 

address climate-related risks.  

Based on the summary of case studies, the ‘toolbox’ can demonstrate how multiple objectives, 

such as more amenities, ecosystem preservation, greater access to economic opportunities, jobs, 

and better public space, can be achieved with the adoption of resilience measures. The Toolbox 

can be divided into four categories: natural systems, building and non-stormwater infrastructures, 

and stormwater management, and governance. 
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legend  

¡ may not useful         lpotential useful ü existing applied  

 

Category   Measures  Lower 
Manhattan 

Miami Sanya 

Natural 
system 

Dune nourishment and vegetation  ¡ ü ü 

Restore mangrove forests and wetlands ¡ ü ü 

Restore natural barrier ¡ ü l 

Increase the height and width of beach and 
dune areas 

¡ ü l 

Utilities monitoring network help to adjust 
saltwater intrusion 

l ü l 

Breakwater  ¡ ü l 

Waterfront parks ü ü ü 

Groins  ¡ ü l 

artificial reefs  ¡ ü l 

Buildings 
and non-

stormwater 
infrastructure 

Built flood-proofing buildings 

i. Dry flood-proofing 

ii. Wet flood-proofing  

ü l l 

Elevated buildings and Evacuated ground 
floors for amenities. 

i. Elevate fill or berm 

ii. Elevate piles  

ü l l 

Use flooding walls or big bench to prevent 
water infiltration 

ü ¡ ¡ 

Design floating buildings on water  ü ¡ ¡ 

Build energy plant in community ü l l 

Elevated mechanical system ü l l 
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Table 11: The summary of resiliency measure in coastal communities 

Natural Systems 

In Miami-Dade County and Sanya experience the impact of SLR on ecological system, such 

as the decrease of natural resources, beach erosion and saltwater intrusion. Both Miami and Sanya 

Avoid below basement and parking ü l l 

Add affordable housing on replacement 
building 

ü l l 

Stormwater 
management 

 

Plant bioswales, rain gardens, green and 
blue roofs to control runoff rates.  

ü ü ü 

Increase the use of pervious pavements, ü ü ü 

Plant slat-tolerant trees  ü l l 

Build reservoirs l ü ü 

Improve pump capacities l ü ü 

Maintain sewer infrastructure l l ü 

Retrofit drainage systems l l ü 

Governance  Propose policies and regulations  ü ü ü 

Convene local and state agencies  ü ü ü 

Increase funding ü ü ü 

Collaborate with professionals and experts  ü ü ü 

Collaborate with community organizations ü ü l 

Collaborate with non-governmental 
organizations 

ü ü l 

Establish a website with updated source 
about the best practices related to climate 
change  

ü ü l 

Develop educational materials that 
integrated into Public Schools curriculum 
on climate change.  

l ü l 
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take measures to improve dune restoration and vegetation management. They face similar 

challenges in the identifying of viable sand sources for the future beach re-

nourishment21,protecting or restoring adjacent mangrove forests, and restoring of wetlands in 

flood-prone areas. 

 Miami-Dade County specifically increased the height and width of beach and dune areas, 

and restored sea grass beds for the purpose of trapping sediment and reducing erosion rates. In 

addition to the increased risks of inundation and beach loss, sea level rise in Miami caused 

problems with water supply and water quality, due to the saltwater flow inland along the base of 

aquifer. Therefore, Miami-Dade County water and sewer department uses a monitoring network 

to track saltwater intrusion and adjust pressure to shift water sources between wellfields.  

Buildings and Non-stormwater Infrastructure  

     Lower Manhattan is relatively more urbanized, with a high population density and a critical 

financial business. Therefore, its land value is more concentrated on residential and commercial 

area rather than the lands with abundant conservation, unlike Miami and Sanya.  

    The resilience measures they have taken include flood-proofing buildings, avoiding below 

grade basements and elevating mechanical systems; utilizing evacuated space of ground floors for 

amenities; parking and stormwater retention, and introducing new commercial activities conducted 

                                                
21 Most of sands pours into the construction industry. The Freedonia Group which is a market-research firm, suggest that of the 

13.7bn tons of sand mined worldwide for construction last year, 70% was used in Asia. Half was used in China alone 
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in repurposed ground floor spaces would attract residents with new jobs, which is beneficial 

socially and economically. Thus, some measures can be adopted, such as keeping the equal number 

of apartments; adding affordable housing, building energy plants on campus to provide backup 

support in emergency. Miami and Sanya have lower densities than Manhattan, thus there is no 

need for the two cities to build floating buildings in water and site protection near the shorelines. 

Stormwater management 

In the three coastal areas, stormwater management is applied to drain inland excess rainfall 

for the protection of cities from flooding. Such strategies are easily applied and learned. In China, 

stormwater management is called sponge city, which uses LID strategies to protect cities from 

flooding. Similar strategies are taken in the other two case studies, such as improving swale areas 

where they are compacted or compromised, increasing the use of porous pavements in areas where 

infiltration is possible, increasing the use of green roofs and facades to reduce urban run-off, 

enhancing the stormwater system by creating a collection system, and increasing the area of 

pervious surfaces where they can effectively increase infiltration. 

Water supply in New York City and Sanya rely on inland reservoirs and water transported 

pipe. In 2016, Sanya became one of the 30 sponge cities, and retrofitted of drainage in areas where 

exfiltration systems ceased to work because submerged, increased maintenance on sewer 

infrastructure to remove obstructions and maintain system capacity, increased impoundment areas 

to temporarily store water during times of heavy rains, and improved pump capacities. 
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Governance 

Government plays a critical role in the face of climate-related risks and other natural 

disasters worldwide. Under the direction of government policies, plans and funding can accelerate 

recovery and rebuilding of coastal communities affected by disasters.  

Sanya should also enhance co-operation with the private sector, non-profit and community 

organizations, which is very important for the shaping and implementing of community plans. 

New York City and Miami have develop a website, where there is up-to-date information about 

the commissioners’ adaption efforts. Miami has identified and developed educational materials, 

which integrated into a Miami-Dade Public Schools curriculum on climate change and 

sustainability (Miami-Dade County. 2016), which can be learned by Sanya and New York City.  

Next step 

    In terms of creating resilient building environments in coastal cities contexts, we should pay 

attention to inland waterway and water management and developing a comprehensive planning 

and zoning regulation to deal with setbacks and limits on density and urban infrastructures in 

coastal zones, and consider vulnerability to sea level rise and saltwater intrusion. It needs to review 

the current stormwater management systems as well, such as inspect operation of canals and water 

structures, for the purpose of eliminating unnecessary over-drainage or blocked drainage is 

important. As for the development of an enhanced resilient coast capital plan, but should also 

include salinity structures, and a capital plan, including pump stations, and road and bridge designs, 
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healthcare, and insurance. For better ecological restoration, government needs to increase 

investment and resources for land acquisition and management programs, work together with 

universities, government agencies, academic professionals and private organizations.  

    Adaptation measures should be taken to maximize co-benefits and cost effectiveness. For 

example, when designing a new home, it may be very cost-effective to invest upfront in marginal 

cost. The purpose is to increase the design elevation by two feet and benefit from the reduction in 

flood damages and insurance premiums over the lifetime of that building. In contrast, it may not 

be cost effective to elevate an existing building by that same amount, though it may confer the 

same benefits (Miami-Dade County. 2016). Currently, Sanya is removing the illegal houses and 

renovating the shantytown in the city, it would be more cost-effective to integrate resiliency 

considerations into the design phase as they can rebuild new flood-proofed buildings based on 

strategies taken in Lower Manhattan.  

As demonstrated by the analysis of SwissRe, many cost-effective adaptation measures 

include preserving and enhancing natural coastal defenses, such as beaches, dunes, and mangrove 

forests (Gimenez.2016). According to the government’s “Double Repair” master plan, Sanya 

should fully use its ecological advantages and restore natural system. Finally, pay close attention 

to saltwater intrusion, and learn from Miami to set up a monitor network to control saltwater 

withdrawals from the aquifer.   
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APPENDIX 

APPENDIX A-1: Comparison of preliminary work maps and future floodplains (FEMA) 

 

APPENDIX A-2: Location and level of building damage in Southern Manhattan (DOB December Tags)   
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APPENDIX A-3: Alternative 1-flip down deployable in segment C2. 

 

APPENDIX A-4: Alternative 2-Big bench and deployable in segment C2. 
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APPENDIX B-1: Countywide Map 1, 2, & 3 Foot Sea Level Rise - Miami-Dade County 
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APPENDIX B-2: Environmentally Endangered Lands Program in Miami-Dade County 

MAP# PRESERVE  Acquired ACRES 

1 Arch Creek Addition  1.5 

2 Bird Key  0 

3 Black Creek Forest  7 

4 County Line Scrub Site  15 

5 Deering Estate Additions  83 

6 Dolphin Center Addition  4 

7 Coastal Wetlands 872 

8 Miami Rockridge Pinelands  309.27 

9 Other Rockridge Pinelands 322 

10 Oleta River Corridor 32.5 

11 South Dade Wetlands  19,155 

12 Tropical Hammocks:  188.4 

13 Hattie Bauer Hammock  15 

14 Barnacle Addition  0 

15 Tree Island Park  120 

16 Park Natural Areas  2897.2 

 Total Acquired/Managed Acres 23,500 

 

 

 

 

 



75 
 

APPENDIX C-1: Mangrove Forest Conservation and Restoration project in Sanya 

 

 

 

 

Categories Project 

 

Scale USD 
(million) 

Total 

(million) 
Conservation-
Natural 
Reservations 

Sanya River Mangrove 
Forest Restoration  

17.3acres 0.63 121.84 

Tielu Harbor Mangrove 
Forest Restoration 

148.26acres 5.41 

Qingmei Harbor 
Mangrove Forest 
Restoration 

24.71acres 0.91 

Mangrove 
Wetlands 
Park 

Yulin River National 
Wetlands Park 

605.41 acres 76.38 

Ningyuan River Wetlands 
Park 

326.18 acres 28.87 

Mangrove 
Shelterbelt   

Yanzhao Shelterbelt    133.44 acres 3.78 

Mangrove 
Forest 
landscape 

Sanya River Mangrove 
Forest landscape 

47.13 acres 2.25 

Ningyuan River Mangrove 
Forest landscape  

49.42 acres 1.51 

Infrastructure  Observation tower  3 0.06 
Monitoring station  4 0.18 
Signs 50 0.03 
Fencing 16,404ft 0.15 
Patrol ship  4 0.18 

Education 
and 
monitoring 

Educational  -- 0.60 
Research monitoring  0.90 
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APPENDIX C-2: Treatment plant capability  

NO. Treatment plant  Projected  Reality Treat & supply Capability   

1 Hongsha  132,103yd ³/d 132,103yd ³/d 100% 

2 Luhuitou  13,079yd ³/d 9,155 yd ³/d 70% 

3 Xincheng  19,619yd ³/d 12,294yd ³/d 63% 

4 Lizhigou 19,619yd ³/d 9,155yd ³/d 47% 

5 High-Tech Industrial 

Park 

13,079yd ³/d 0 0 

6 1801Anzhiqu  13,079yd ³/d 0 0 

Total  183,113yd ³/d 162,709yd ³/d 88% 
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APPENDIX C-3: Stormwater runoff rates in six Sponge City district of Sanya  
District   Parcel New added area / 

Land for 
construction 

Open space & 
square/Land for 
construction 

Annual 
runoff rates  
 

Haipo  
   

HP-1 58.34% 16.62% 60% 
HP-2  65.82% 41.41% 68% 

HP-3  58.85% 17.35% 60% 

HP-4  68.20% 13.52% 65% 

HP-5  100% 27.93% 70% 

Yuechuan YC-1  74.93% 15.29% 80% 

YC-2  24.24% 31.00% 55% 

YC-3  55.27% 26.45% 85% 

YC-4  84.72% 19.43% 67% 

YC-5  100% 19.55% 70% 

YC-6  61.96% 2.76% 62% 

Sanya West River HX-1  49.65% 10.49% 55% 

HX-2  0.00% 13.76% 40% 

HX-3  0.00% 7.79% 38% 

Sanya East River HD-1  0.00% 2.06% 36% 

HD-2  55.19% 27.08% 60% 

Luhuitou LHT-1  29.65% 31.20% 58% 

LHT-2  33.68% 15.59% 55% 

LHT-3  0.00% 10.39% 46% 

Yulin YJ-1  68.90% 30.73% 65% 

YJ-2  78.86% 14.11% 67% 

YJ-3  49.88% 18.80% 60% 

YJ-4  96.63% 35.76% 73% 

YJ-5  44.01% 13.97% 55% 

Total                                             60%                                                 
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