
2nd World Irrigation Forum (WIF2) 
6-8 November 2016, Chiang Mai, Thailand 

W.2.1.06 

 

 
1 

 

ECOLOGICAL RESTORATION AS A TOOL TO IMPROVE THE 
ECOLOGICAL RESILIENCE OF COASTAL RECLAIMED 

AGRICULTURAL LAND 
 

Namjoo Heo1, Sunghee Lee1, Seona Yun2 and Young D. Choi3 
 
 

ABSTRACT 

 
One of the most urgent challenges we face in the era of climate change is how to 
cope with environmental uncertainty. Thus far, the predominant solutions have relied 
on engineering. However, focusing on increasing the “resistance” of artificial 
structures alone is too limiting in the context of an unpredictable, rapidly changing 
environment. A feature of natural ecosystems, “ecological resilience”, should be 
considered as well. Ecosystems can sustain themselves by reducing and regulating 
the impacts of external stressors and by restoring themselves when damage occurs. 
Two effects, which arise from the concept of “BDEF (biodiversity-ecosystem 
functioning),” create the setting for resilience: sample effect (large samples are less 
vulnerable to disturbance) and interaction effect (diverse samples have more 
interactions). Ecosystems also provide “ecosystem services,” which are flexible, 
versatile functions that engineered infrastructures do not offer. Cultural and economic 
benefits we have received from natural ecosystem can be included in this service. 
Two approaches are proposed to improve the resilience of coastal agricultural land.  
The first is to restore the resilience of degraded ecosystems in coastal itself. Coastal 
ecosystems’ natural resilience is relatively strong, because they are linked to open 
marine ecosystems. The second is to improve the resilience of engineered 
infrastructures by hybridizing natural components (green infrastructure) with artificial 
facilities (gray structure).  
 
Keywords: Ecological restoration, BDEF, Ecosystem service, Green infrastructure, 
Trade-off. 

 
1. INTRODUCTION 
 
Massive coastal agricultural development projects, built on land reclaimed from 
extensive shallow estuaries by the construction of sea dikes, are almost inevitable if 
we are to eradicate extreme poverty and hunger. In the 20th century, over 135,100 
hectares of reclamation lands were created by the construction of 190 sea dikes 
along the Ria coastline of the Yellow Sea, western Korean peninsula. This activity 
involve tradeoffs between maximizing the provision of food and maintaining various 
coastal ecosystem services such as regulating environmental extremes and 
supporting biodiversity. 
  
We are now facing the challenge of coping with increasing “environmental uncertainty” 
in the era of climate change. It is questionable whether agricultural projects that are 
aimed at providing services can continue to be sustainable; it is therefore necessary 
to reconsider not only the roles and functions of agricultural developments in coastal 
ecosystem, but also the limitation of engineering-dependent approaches and methods 
that rely heavily on artificial (“gray”) infrastructure (Figure 1). Focusing on increasing 
the “resistance” of artificial structures alone is too limiting in the context of an 
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unpredictable, rapidly changing environment. In contrast, natural ecosystems that 
exhibit “ecological resilience” can sustain themselves by reducing and regulating the 
impacts of external stressors and by restoring themselves when damage has 
occurred. Therefore, creating resilience in coastal regions is urgently needed, given 
trends in human settlement, resource use, and global environmental change (Adger 
et al., 2005).  
 
Today, the scientific community has arrived at a broad consensus on many aspects of 
the relationship between biodiversity and ecosystem functions and services, including 
many points relevant to ecosystem management (Hooper et al., 2005). It is believed 
that decreases in biodiversity tend to cause a reduction in ecosystem functions and 
services that are critical to maintaining sustainability of ecosystems as well as 
development projects. In this context, reclamation projects in coastal areas are risky 
because they often cause enormous changes in biodiversity of the coastal ecosystem. 
Many studies have shown that biodiversity of coastal areas decreases rapidly after 
development projects (Zedler et al., 2001; Callaway et al., 2003; Keer and Zedler, 
2002; Lindig-Cisneros and Zedler, 2002). 
 
With regard to coastal agricultural development, there is no evidence to suggest that 
the provision of agricultural services is jeopardized by modifying the agricultural 
system to improve its ability to provide other ecological services. This implies the 
possibility to manage agroecosystems to support multiple ecosystem services while 
still maintaining or even enhancing the provisioning services that agroecosystems 
were designed to produce. Recent studies also suggest that tradeoffs between 
agricultural production and various ecosystem services are not inevitable and that 
‘win-win’ scenarios are possible. Agricultural systems that conserve ecosystem 
services by using practices like conservation tillage, crop diversification, legume 
intensification, and biological control perform just as well as intensive, high-input 
systems (Badgley et al., 2007).  
 
The concept of “social resilience” is another important component to ensure the 
sustainability of coastal agricultural projects faced with environmental uncertainty; 
approaches to improve social resilience include measures such as sustained and 
flexible programs, clear institutional frameworks, predictable and long-term financing, 
and a robust feedback system (WB, 2013). However, this paper focuses on the 
possible measures to manage ecological resilience in coastal reclaimed agricultural 
land and discusses practical ways to improve ecological resilience using the tool of 
restoration ecology. 
 

 
Figure 1. A typical example of coastal reclaimed agricultural project in ria coasts and 
its infrastructures. (A)Saemangeumagricultural development project with the world 
longestseadike (33km), (B) seadike, (C) sluice gates, (D) reclaimed land, (E) 
extensive paddy field, (F) irrigation canal. Photo: Saemangeum project office. 
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2. A NEW WAY OF THINKING TO COPE WITH CLIMATE CHANGE 
 
2.1 Improving resilience in systems 

Climate change is now modifying weather-related hazards, encouraging new 
approaches to hazard risk reduction (McCarthy et al., 2001; UN/ISDR, 2002). Coastal 
reclaimed agricultural lands are no exception and draw particular interest because of 
the inevitability of global sea-level rise as well as the occurrence of natural hazards 
such as coastal flooding, tsunamis, and hurricanes.  
 
Pelling (2003) breaks down vulnerability to natural hazards into three components: 
exposure, resistance, and resilience. Measures to reduce vulnerability to natural 
hazards have relied heavily on approaches that focus only on resistance of a system, 
which typically involve construction of artificial infrastructure (i.e., “gray” infrastructure. 
To date, hydrological modification and coastal protection facilities have been core 
parts of agricultural development in coastal areas.  
 
However, it should be recognized that gray infrastructure alone may not be sufficiently 
adaptable to increasing environmental uncertainty in the current era of climate 
change (Figure 2). Gray infrastructure is limited by being less flexible to external 
hazards and easily broken down when the hazards are beyond the designed 
capacities. Estimating the limits of gray infrastructure becomes problematic when we 
consider that understanding the causal connection between climate change and 
weather-related hazards remains intrinsically difficult, and that environmental 
uncertainty is growing rapidly because of the complex and dynamic interactions 
between development patterns and the environment (WB, 2013). This situation is 
further complicated by the scarcity of historical information on weather-related 
disaster impacts, and the fact that recorded disasters are relatively rare events, 
making it inherently difficult to detect statistically significant trends (Huggel et al., 
2013). Therefore, we need to pay more attention to improving capacity for ‘resilience’ 
in systems, because controlling ‘exposure’ to natural hazards, the third element of 
vulnerability to natural hazards, is well beyond our capability.  
 
The concept of resilience is now used in a wide range of disciplines (UN/ISDR, 2002; 
IHDP, 2003); it can be defined as the ability of a system to absorb external stress and 
reorganize after disturbance. Disaster recovery and long-term disaster prevention and 
preparedness (which includes insurance to cover any unexpected damage) are 
approaches that can improve system resilience. In particular, ecological resilience 
can be considered as the key to sustainable ecosystem management (Peterson et al., 
1998; Chapin et al., 2000). 
 

Disturbance occurs under system’s resilience and resistance.(B) Disturbance occurs 

beyond the resilience but under the resistance.(C) Disturbance occurs beyond both 
the resilience and resistance.Note that the amplitude of disturbance is expected to be 
increasing in the climate change era. Modified afterJeremy Stovall(2014). 
 
2.2 Biodiversity, a key factor for ecological resilience 
  
Many ecologists regard biodiversity as a key factor underpinning ecological resilience. 
Although it is still controversial whether there is direct causal relationship between 
biodiversity and ecosystem functions and services (main elements for ecological 
resilience), many researchers have shown general trends that loss of ecosystem 
services is linked to loss of biodiversity (Power, 2010). In other words, high 
biodiversity may drive many useful effects that improve ecological resilience, and the 
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underlying processes are well explained by the Biodiversity-Ecosystem Function 
hypothesis; these effects include species redundancy, complementarity, sampling 
effects, and interaction effects.  
 

 
Figure 2. Different responses to disturbance: resistance and resilience, respectively. (A) 
 
Where a high number of insurance species (or functional groups) is present, declines 
in one species or group are easily compensated by increases in another; this may 
allow the ecosystem to reorganize easily after disturbances (redundancy and 
complement effect; e.g.,Bengtsson et al., 2003; Bellwood et al., 2004; Ives et al., 
1999).  
 
Sampling effects can be explained by the portfolio effect and the evenness effect. 
According to the portfolio effect (a well-known mechanism in the stock market), if 
biodiversity is high in the ecosystem, the possibility that any one species will endure a 
negative impact from stochastic environmental changes is decreased because the 
impact is not centered into a single population but decentralized, resulting in a 
decrease in total risk. According to the evenness effect, if species richness is the 
same for two different ecosystems, the ecosystem with lower dominance (high 
evenness) tends to be more sustainable. This is because dominant populations, 
(which are often primarily responsible for ecosystem function) are more likely to be 
negatively affected, thus rendering the ecosystem more vulnerable.  
 
With regard to interaction effects, the relationships among variables increase 
geometrically whenever new variables are added. By the same mechanism, if 
biodiversity increases, the biotic elements that make up an ecosystem also increase; 
this results in high complexity of relationships among those elements, such as 
competition, predation, parasitism, and commensalism. Moreover, an ecosystem itself 
can become more complex through emergent properties; for example, resource 
partitioning, niche diversification, and habitat modification, which occurs as a result of 
diverse interactions. Spatial heterogeneity can also confer resilience, such as when 
refuge areas provide sources of colonists to repopulate disturbed regions (Nyström 
and Folke, 2001). 
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3. MANAGEMENT OF ECOLOGICAL RESILIENCE IN COASTAL 
RECLAIMED AGRICULTURAL LAND  

 
3.1 AGRICULTURAL DEVELOPMENT AND REDUCTION OF BIODIVERSITY IN 

COASTAL ECOSYSTEMS 

 
Although adaptive responses are required in coastal zones to cope with a plethora of 
natural hazards, ecosystem degradation caused by intensive agricultural 
development lowers the ecological resilience that buffers against the effects of 
climate extremes. During the last few decades, worldwide losses of biodiversity have 
occurred at an unprecedented scale, and agricultural intensification has been a major 
driver of this global change (Matson et al., 1997; Tilman et al., 2001). Coastal 
agricultural developments have impacted on biodiversity and reduced complexity in 
coastal ecosystems in two major ways.  
 
First, gray infrastructures such as sea dikes, irrigation, and drainage facilities make 
diverse and dynamic ecosystems more stable by preventing continuous disturbance 
to coastal ecosystems. However, periodic flows of sea and freshwater are very 
important to provide different ecological niches, both temporally and spatially, for 
various species. Modern agricultural facilities in coastal areas often cause many types 
of microecosystems such as saltwater lagoons or bays to be converted to a single 
types of ecosystem such as a large lake. In addition, the increased load of sediments 
and nutrients carried by rivers can elevate ground surface in coastal areas, resulting 
in invasion of terrestrial plants, resulting in succession to terrestrial woodlands or 
forest. These changes may eventually lead to major reduction in biological diversity 
with increasing numbers of dominant species. Moreover, fragmented habitats 
discourage migration of animal and plant species, often leading to extinction.  
 
Second, agricultural practices can harm biodiversity in coastal ecosystems through 
multiple avenues, including crop production, pest control, pollination, and 
decomposition (Daily, 1997; Altieri, 1999; Schläpfer et al., 1999; Tilman et al., 2002; 
Wilby and Thomas, 2002). Many agricultural landscapes are dominated by arable 
crops or early successional fields such as fallow farmland and support little non-crop 
areas such as forest remnants or established grasslands. In such human-modified 
landscapes, local extinction is a common process.  

 
3.2 Tradeoffs and win-win strategies  

Agriculture is typically considered to involve a tradeoff between provision services 
(production of agricultural goods such as food, fiber, or bioenergy) and regulating 
services such as water purification, soil conservation, or carbon sequestration (MEA, 
2005). Traditionally, agroecosystems have been considered primarily as a source of 
provisioning services. In maximizing the value of provisioning services, agricultural 
activities are likely to modify or diminish the ecological services provided by natural 
ecosystems (Power, 2010). Therefore, it is important to determine how to maintain a 
balance the services and disservices of agriculture, and how to optimize various 
trade-offs to maximize adaptability to environmental uncertainty.  
 
Meanwhile, a prevailing assumption is that ecosystem services are independent of 
one other and the relationships between them are likely to be highly linear. This 
assumption leads frequently to an “all or none” choice of either preserving coastal 
habitats or converting them to human use (Power, 2010).However, it is important to 
understand that ecosystem can sustain its function and service if disturbance occurs 
under the thereshold orcarrying capacity (Figure 3). In particular, there was no 
evidence that the provisioning services provided by agriculture were jeopardized by 
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modifying the system to improve its ability to provide other ecological services. This 
suggests that it could be possible to manage agroecosystems to support many 
ecosystem services while maintaining or enhancing the provisioning services that 
agroecosystems were designed to produce (Power, 2010). 
 

 
 
Figure 3.  Ecosystem can sustain its functions unless the agricultural intensity 

exceeds the threshold (carrying capacity) that ecosystem can absorb or 
recover from stress. The shaded zone can be considered as win-win 
strategy zone for sustainable agricultural development.  

 

4. PRACTICAL APPROACHES TO IMPROVE ECOLOGICAL 
RESILIENCE OF COASTAL RECLAIMED AGRICULTURAL LAND  

 
4.1 Restoration of biodiversity in degraded coastal agroecosystems  

Coastal ecosystems tend to be naturally resilient because of their linkage to the open 
marine ecosystem. For example, degraded tidal flats can easily be restored if sea 
dikes are demolished and tidal flow is restored. However, this would rarely be a 
practical solution because it conflicts with human and economic interests A 
compromise between human interests and ecosystem health is required, e.g., partial 
opening of dike or flood gates. Compromised ecosystems may not be self-sustainable, 
and thus intensive management intervention (i.e., ecological restoration) is needed. 
The goal of restoration should be to enhance ecosystem services. 
 
Ecological restoration is an intentional activity that initiates or accelerates the 
recovery of an ecosystem with respect to its health, integrity, and sustainability (SER 
2004). Natural ecosystems are sustained by biophysical structures and processes. If 
degraded, these fundamental elements can be targeted for ecological restoration 
work. These elements are strongly related to the water and nutrient cycles in 
ecosystems, thus conventional irrigation and drainage techniques have the potential 
to be utilized as methods of ecological restoration.To this end, the following actions 
are recommended to restore biodiversity in large-scale coastal reclaimed agricultural 
lands.  
 
①  Restore tidal flow: In order to circulate sea water into inner intertidal 

ecosystems, hydrological intervention is required. Rather than removing sea 
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dikes, circulation can be allowed by controlling sluice gates. Alternatively, 
additional canals that link sea and intertidal land may be a solution. In any 
case, it is crucial to understand and emulate the natural fluctuation of tidal 
movement in terms of the volume and timing of sea water flow.  

 
②  Control sediment and nutrient influx: Degraded coastal ecosystems 

cannot function properly so that the ecosystem service like regulating influx 
of sediment and nutrient can also be damaged. Alternative ecosystems 
such as artificial wetlands or retention ponds may be able to delay or reduce 
the excessive influx of sediment or nutrients. Regular dredging and bypass 
drainage canals might be necessary to prevent lakes from chronic 
eutrophication.  

 
③  Cover exposed land (revegetation): Where sluice control of water levels is 

used, coastal lands can be exposed to the air when water levels recede, 
accelerating soil erosion.Planting or seeding may be necessary to reduce 
the erosion;herbaceous halophytes are recommended since they are 
adapted to salty soil and fast-growing. Green house or nursery conditions 
are required to improve seed germination and growth of seedling stock and 
nursery plants. Ultimately, revegetation areas will serve as the habitat for 
upper trophic level coastal animals. 

 
④  Control exotic and invasive species: Terrestrial plants may be introduced 

faster in the progress of hydrosere succession. It is best to prevent coastal 
from their introduction in advance, because their propagation and spreading 
speed is so rapid.Because exotic species invasion can be faster by influx of 
extraneous soil (as a seed bank), or human or vehicle movement, it is 
necessary to monitor and control them first. To control exotic species 
already established, mechanical or chemical removal work is required. 
Increasing native species populations in order to raise their ability to 
compete with exotic species can be used as an indirect method.  

 
⑤  Provide refuge for endangered species: Once species become extinct, it 

is impossible to restore their population. Therefore, actions to conserve 
species should be of utmost priority. Coastal habitats serve as the breeding, 
feeding, or resting location for countless migratory birds. Most of the 
migratory birds listed on the IUCN Red List of Threatened Species are 
highly susceptible to habitat degradation or loss. Providing bird sanctuaries 
that minimize contact with human activities is crucial for conservation. 
These locations should have sufficient area with appropriate micro-
environments to support the lifecycle of birds, i.e., feeding, breeding, and 
resting.  

 
⑥  Connect coastal habitats: It is also important to consider long-distance 

interactions among coastal ecosystems because they function together as 
meta-populations. Halophytes disperse their seeds mostly by sea water flow. 
If sea water is allowed to flow into blocked coastal ecosystems even for only 
the period of seed dispersal, this might delay or prevent extinction events 
that would be accelerated by the small population effect. If that is not 
possible, long-distance dispersal of seeds via animals, e.g., birds, might be 
an option. Considering the rise in seawater levels, routes need to be 
constructed through which intertidal or inland species can move into the 
connected habitats during the high peak period.  
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⑦  Reduce algal bloom and winter kill: Large numbers of fish may perish in 
lakes during summer or winter when excessive oxygen depletion occurs: in 
summer, algal blooms cause oxygen depletion, whereas iced surfaces block 
the exchange of oxygen between air and water in winter. As a first step to 
reduce algal blooms in summer, eutrophication should be reduced through 
the nutrient influx control methods mentioned previously. Thereafter, 
additional methods are required to provide sufficient oxygen in the water 
body, such as water circulation devices, biomanipulation, and instant sluice 
gate opening. 

 
4.2 Utilization of natural coastal ecosystem: Green infrastructure 

Rises in sea level caused by global warming may limit the function of existing 
hardening facilities which are made of hard materials such as concrete and rocks. In 
addition, cost-effective shoreline protection such as hard infrastructure like seawalls 
and levees is expensive, requires ongoing maintenance, and can fail catastrophically 
under severe storm conditions. In contrast, natural ecosystems can replace their 
functions flexibly, and have additional functions such as providing biological habitat; 
for instance, coastal wetlands or vegetation belts can reduce the impact of flood and 
drought by acting like a sponge and holding onto excess water. It might be possible to 
provide sufficient space for natural ecosystems by offsetting land use. “Green 
infrastructure” such as healthy coastal wetlands, mangrove forests, and coral reefs 
could be more cost-effective means of protecting large coastal areas, requiring less 
maintenance than gray infrastructure (Moberg and Ronnback, 2003)  
 
A growing number of researchers worldwide are evaluating which green approaches 
might work best—and how gray and green engineering might be combined to create 
layered defenses (Popkin, 2015). The challenge is to maximize advantages of both: 
high resistance of artificial structures combined with high resilience of natural 
ecosystems. Hybrid systems, for example, include such structures as multilayered 
dikes composed of constructed reefs, marshes, sand beaches and dunes, barrier 
islands, rock groins, sea walls, and/or flood gates. Such an approach begins with 
precise identification and quantification of the various coastal ecosystem services 
(Table 1), and how to make nature-like-ecosystems and how to maintain the artificial 
or semi-natural ecosystem.  
 

Table 1.  Different roles of gray and greeninfrasturctures in terms of ecosystem 
functions and services 

 

Services Functions 
Infrastructures 

Gray Green 

Regulating 
services 

Flood control  High Middle 

Waves and currents reduction High Middle 

Coastal protection High Middle 

Biofiltration, Water purification Low High 

Climate regulation Low High 

Disease regulation Low High 

Supporting 

services 

Nutrient cycling Low High 

Soil formation / Sediment trap Low High 

Carbon sequestration Low High 

Provisioning 
services 

Water storage and distribution High Middle 

Providing habitats and refuges Low High 

Materials (timber,fisheries,fiber, medicinal resource etc.) Low High 

Cultural 
services 

Recreation Low High 

Spiritual/ Religious Low High 

Education Low High 
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5. CONCLUSIONS  
 
Large-scale reclamation projects carried out in coastal ecosystems are vulnerable to 
the environmental uncertainty caused by anthropogenically induced climate change. 
Conventional agricultural development methods that have relied heavily on 
constructing gray infrastructure to improve the resistance of systems to natural 
hazards need to be reconsidered; instead, we should encourage efforts to improve 
the resilience of systems to unexpected hazards.  
 
It is also important to determine how to optimize tradeoffs between the services and 
disservices of agriculture, given that ecosystem degradation caused by conventional 
agricultural developments lowers the ecological resilience that buffers the effects of 
climate extremes. Creative solutions can be made with the assumption that 
agroecosystems can be managed to provide multiple ecosystem services in addition 
to food provisioning services. 
 
Methodological approaches should consider the relationship between biodiversity and 
ecosystem function. High biodiversity can induce effects that improve ecosystem 
services, leading to higher ecological resilience. Coastal ecosystem have high 
potential for increasing biodiversity because diverse ecological niches can be created 
or maintained as the ecosystem is linked to the open marine ecosystem and frequent 
disturbance can be sustained. Ecological restoration work normally targets degraded 
biophysical structures and processes. For coastal ecosystems, the following actions 
are recommended: restoration of tidal flows; control of sediment and nutrient influxes; 
restoration of vegetation to exposed land surfaces; provision of habitat for 
endangered species; control of exotic and invasive species; reduction of algal blooms 
and winterkill; and connection of coastal habitats. Conventional irrigation and 
drainage techniques have potential as methods of ecological restoration since the 
practices are strongly related to ecosystem water and nutrient cycles.  
 
In addition to restoring the original biodiversity and ecosystem services of coastal 
ecosystems, we can maximize resistance and resilience of agricultural land by 
utilizing natural coastal ecosystems as green infrastructure. High resistance from 
artificial structures can be supported by high resilience from natural ecosystems. 
Natural ecosystems can replace their functions flexibly, and they also have additional 
ecosystem functions and services. Ultimately, hybrid systems could be a more flexible 
and cost-effective means of developing large coastal areas than traditional 
approaches. 
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