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Preface

Wetlands are unique ecosystems that provide a wide range of functions and values,
from biodiversity conservation to water regulation and purification. They play

a crucial role in maintaining the health and well-being of both human societies
and the natural environment. The importance of wetlands has been recognized
for many years, but in recent times, their significance has become even more
prominent due to the growing threats they face, including climate change, habitat
loss, and pollution. This book, Wetlands — New Perspectives, is a collection of seven
chapters that present the latest research and insights on wetlands from differ-

ent perspectives. It is an outcome of the collaborative effort of several authors
who have contributed their knowledge and expertise to provide a comprehensive
understanding of wetlands.

The introductory chapter introduces readers to the characteristics, functions, and
values of wetlands. This chapter provides a solid foundation for readers to under-
stand the importance of wetlands and their relevance in today’s world. Chapter 2
highlights the impacts of climate change and wetland restoration on the water
balance components of the coastal wetland. The chapter offers a compelling analysis
of the role of wetlands in mitigating climate change and the challenges they face
due to changing climatic conditions. Chapter 3 offers a glimpse into the likely status
of inland salt lake ecosystems in 2050. The chapter explores the reminiscing and
revisiting of Bill Williams and how his contributions can help to predict the future
of salt lake ecosystems. Chapter 4 focuses on the economic impacts of the establish-
ment of alternative water retention habitats on agricultural holdings. This chapter
provides insights into the economic benefits of using wetlands for water retention
and the potential challenges of integrating wetlands into agricultural practices.
Chapter 5 presents the challenges and opportunities associated with managing prior
converted hydric soils to support agriculture production and maintain ecosystem
services. The chapter provides a dedicated outreach to the agriculture community
and highlights the potential benefits of sustainable wetland management practices.
Chapter 6 explores the monitoring of the properties of an abandoned depleted peat
bog to determine the prospects for use. The chapter highlights the potential uses of
degraded wetlands and the challenges associated with their restoration and manage-
ment. Finally, Chapter 7 presents a collaborative approach to the management of
fire-resilient peatlands in Indonesia. The chapter highlights the importance of col-
laboration and community involvement in wetland management and the potential
benefits of such an approach.

In summary, this book provides new perspectives on wetlands and highlights the
challenges and opportunities associated with their management. It is a valuable
resource for wetland managers, researchers, and policymakers who seek to promote



the sustainable management of wetlands. We hope that this book will inspire
readers to take action to protect and conserve these unique ecosystems for future

generations.
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Chapter1

Introductory Chapter:
Wetlands — Characteristics,
Functions, and Values

Muvrat Eyvaz and Ahmed Albahnasawi

1. Introduction

Wetlands are among the most productive and diverse ecosystems on Earth,
supplying a wide range of ecological, social, and economic benefits to humanity
[1, 2]. They are defined as areas where the water table is at or near the surface or
where the land is covered by water for at least part of the year, resulting in unique
hydrological, biogeochemical, and ecological processes [3]. In this chapter, we will
provide an overview of the key characteristics, functions, and values of wetlands,
as well as their global distribution, threats, and conservation and management
challenges.

This book provides a comprehensive overview of wetlands, covering their
characteristics, functions, values, threats, and management. It is intended for a broad
audience, including students, researchers, practitioners, and policymakers, who are
interested in understanding and addressing the challenges and opportunities associated
with wetlands. The book is organized into several parts, each of which focuses on a
specific aspect of wetlands, such as their physical and biotic components, their role in
global and local environmental issues, and their management and restoration strategies.

2. Characteristics of wetlands

Wetlands can be found in a variety of settings, including rivers and lakes, coastal
areas, and inland depressions [2]. They are characterized by the presence of water-
loving plants or hydrophytes, which have adapted to the wetland environment by
developing specialized features, such as floating leaves, waterlogged stems, and
oxygen transport systems [3]. These plants supply a variety of ecosystem services,
such as nutrient cycling, carbon sequestration, and habitat for wildlife [1].

Wetlands are also distinguished by their hydric soils, which are characterized by
saturation or flooding for extended periods and the development of anaerobic condi-
tions that favor the growth of microorganisms, such as bacteria and fungi, that are
responsible for decomposing organic matter [2]. These soils are important for regulat-
ing the water balance of wetlands, as they can store and release water over time, and
also for supporting the growth of wetland vegetation [3].

Another important characteristic of wetlands is their high biodiversity, as they
provide habitat for a wide range of plant and animal species, many of which are
adapted to the unique wetland environment [4]. Wetlands also serve as important
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stopovers and breeding sites for migratory birds, such as ducks, geese, and shorebirds,
which rely on wetland habitats for food and shelter during their journeys [1].

3. Functions and values of wetlands

Wetlands provide a range of important functions and values to society, including
water purification, flood control, carbon sequestration, and recreation [1, 2]. These
ecosystem services are essential for human well-being and are often undervalued or
overlooked in decision-making processes [4].

Water purification is one of the most important functions of wetlands, as they are
able to remove pollutants from water through a variety of physical, chemical, and bio-
logical processes [2]. Wetlands act as natural filters, removing sediments, nutrients,
and contaminants from water as it flows through them, and also provide a habitat for
microorganisms that break down pollutants and improve water quality [3].

Flood control is another important function of wetlands, as they can store and
release water over time, reducing the risk of floods downstream. Wetlands act as
natural sponges, absorbing excess water during storms and releasing it slowly over
time, thereby reducing peak flows and mitigating flood damage [2].

Carbon sequestration is also a vital function of wetlands, as they can store large
amounts of carbon in their soils and vegetation [1]. Wetlands are among the most
efficient natural carbon sinks, storing up to 30% of the world’s soil carbon, despite
covering only about 6% of the Earth’s land surface [2]. The carbon stored in wetlands
is not only important for mitigating climate change but also for maintaining the
health and productivity of wetland ecosystems.

In addition to their ecological functions, wetlands also provide a range of social
and economic values to society. For example, wetlands are important for recreational
activities, such as birdwatching, fishing, and hunting, which generate significant eco-
nomic benefits for local communities [1]. Wetlands also provide important cultural
and spiritual values to indigenous and local communities, who rely on wetlands for
subsistence, medicine, and cultural practices [2].

4. Global distribution of wetlands

Wetlands are found all over the world, from the Arctic tundra to the tropics, and
from the coasts to the inland areas [3]. However, the distribution of wetlands varies
depending on climate, topography, and other environmental factors [4]. The largest
wetland complexes are found in the tropics and subtropics, where high rainfall and
seasonal flooding create ideal conditions for wetland formation [2].

According to the Ramsar Convention, an international treaty for the conservation
and wise use of wetlands, there are over 2300 designated wetland sites around the
world, covering an area of over 2.5 million square kilometers (Ramsar [5]). These sites
are recognized for their ecological importance and are protected under the convention.

5. Threats to wetlands

Despite their ecological, social, and economic values, wetlands are under threat
from a range of human activities, such as land conversion, drainage, pollution, and

2



Introductory Chapter: Wetlands — Characteristics, Functions, and Values
DOI: http://dx.doi.org/10.5772/intechopen.111469

climate change [1]. Wetland loss and degradation are particularly acute in developing
countries, where population growth, poverty, and agricultural expansion are driving
the conversion of wetlands for other uses [2].

According to a report by the Ramsar Convention, the world has lost over 35% of its
wetlands since the 1970s, with some regions, such as Asia and Europe, experiencing
even higher rates of loss (Ramsar [5]). The loss of wetlands has significant ecological
and socioeconomic consequences, such as the loss of habitat for wildlife, the reduc-
tion of water quality and availability, and the loss of cultural and spiritual values.

6. Conservation and management of wetlands

Conserving and managing wetlands is essential for ensuring their continued pro-
vision of ecosystem services and benefits to humanity. There is a range of approaches
and tools for wetland conservation and management, including protected areas,
restoration, and sustainable use [3].

Protected areas, such as national parks and wildlife reserves, are important for
safeguarding wetland ecosystems and their biodiversity. These areas provide legal
protection and management frameworks that help prevent the conversion and degra-
dation of wetlands [2].

Wetland restoration is also an important strategy for reversing wetland loss and
degradation. Restoration involves the rehabilitation of degraded or destroyed wet-
lands, through measures such as revegetation, reintroduction of native species, and
removal of invasive species [1]. Restoration can help to increase the ecological func-
tioning of wetlands, such as their ability to purify water, store carbon, and provide
habitat for wildlife.

Sustainable use of wetlands is another important approach to their conservation
and management. This involves balancing the needs of wetland-dependent com-
munities and economic activities with the need to protect the ecological integrity
of wetlands [2]. Examples of sustainable use include traditional fishing practices,
ecotourism, and sustainable agriculture practices.

In recent years, there has been growing recognition of the importance of integrat-
ing traditional ecological knowledge (TEK) into wetland conservation and manage-
ment [6]. TEK refers to the knowledge, practices, and beliefs of indigenous and local
communities about their environment and natural resources. Integrating TEK can
help to improve the effectiveness and sustainability of wetland conservation and
management by promoting community participation, enhancing the cultural and
spiritual values of wetlands, and improving the management of natural resources [6].

7. Conclusion

Wetlands are unique and valuable ecosystems that provide a wide range of ecologi-
cal, social, and economic services and benefits to humanity. However, wetlands are
under threat from a range of human activities, such as land conversion, pollution,
and climate change, which are leading to their loss and degradation. Conserving and
managing wetlands is essential for ensuring their continued provision of ecosystem
services and benefits to humanity. There is a range of approaches and tools for wet-
land conservation and management, including protected areas, restoration, sustain-
able use, and integration of traditional ecological knowledge.
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Chapter?2

The Impacts of Climate Change and
Wetland Restoration on the Water
Balance Components of the Coastal

Wetland

Kaviem A. Ghagzal

Abstract

The coastal wetlands represent the critical interface between the terrestrial and
ocean zones, which have gained vital importance in terms of economic and environ-
mental aspects. Land cover change (LU) and climate change (CC) are considered the
determinant factors for the changes in nutrient fluxes, thermal energy, and water
balance components (WBCs). These factors are also expected to affect each other
through interaction process effects. An essential tool that may be used to evaluate the
sustainability and availability of water resources for food security and the ecologi-
cal health of coastal zones is a hydrological modeling technique. The Heeia coastal
wetlands in Hawaii, USA, are used as a case study in this study to evaluate the effects
of LU and CC on WBCs.

Keywords: climate change, wetland restoration, SWAT model, water balance, coastal
wetland

1. Introduction

Wetlands represent the natural kidney of the coastal environment and the
supermarket of unique assemblages of flora and fauna. Wetlands have natural
functionalities, which are qualified to be good habitats for birds, aquatic life, plants,
and diverse organisms. Therefore, many researchers and policymakers have recently
focused on preserving and protecting the wetlands in different regions of the world.
For instance, the recent moral and financial support of federal wetlands preservation
rules, including “no net loss of wetlands in the United States,” has prompted numer-
ous nonprofit organizations to repair the degraded wetlands [1]. In that sense, with
assistance from the neighborhood and funding from US environmental protection
organizations, the non-profit Hawaii-based organization Kakoo Oiwi has commit-
ted to restoring the Heeia coastal wetland (HCW), which is located on the Island
of Oahu, Hawaii [2]. Globally, coastal wetlands play an important role against the
impacts of climate change (CC), particularly in the coastal zones of pacific Islands
such as Hawaii. Hawaiian coastal wetlands provide myriad other benefits associated
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with protecting coastal communities against storm surges, floods, sea level rise, and
CC threats, as well as ecosystem services [3, 4]. Coastal wetlands store and decrease
greenhouse emissions through carbon sequestration processes approximately 50% of
all carbon is buried in global ocean sediments [5, 6]. As a result, in this chapter, the
HCW was used as a case study to demonstrate the importance of wetlands in terms of
their vital role in preserving the health environment of coastal regions of the Pacific
Islands and mitigating the impacts of CC.

2. Economic and environmental importance

In the Hawaiian Islands, coastal wetlands serve as an important interface
between the terrestrial and oceanic zones and are now important for both the
ecology and the economy. Coastal wetlands naturally clean water by filtering out
sediments and pollutants, converting nutrients, slowing the flow of freshwater from
the mountains to the ocean, creating optimal habitats for assemblages of flora and
animals, and reducing air temperature during the summer, decreasing greenhouse
emissions through carbon sequestration processes, increasing oxygen emission
through photosynthesis processes by phytoplankton, kelp, and algal plankton that
live in coastal wetland and shoreline of Pacific ocean [7]. Furthermore, the coastal
wetlands of Hawaii are regarded as very attractive and productive regions for both
tourists and residents [1, 8].

These areas protect Hawaii from flooding, pollution, and the detrimental effects
of climatic and land cover changes (LCs). They also operate as sponges, soaking
up water during the rainy season and releasing it during the dry season [9, 10].
Many organizations, including scientific research facilities, were forced to take
a more proactive approach to preserving and restoring the natural resources of
the coastal wetland due to the dynamic nature of these ecosystems. Additionally,
the current moral and monetary support for government legislation preserving
protected wetlands, such as "no net loss of wetlands in the United States," moti-
vates many non-profit groups to restore the degraded wetlands, such as HCW on
Oahu Island [11].

Heeia means “washed way”, which is the famous name of Ahupua‘a, watershed,
stream, and fishpond [12]. In the past, the watershed’s hydrologic features enabled
the indigenous society to meet their food and resource needs from land and sea in
a prized coastal region [13]. The Heeia region holds much cultural and historical
importance for the people of the Heeia community. The HCW is the southern edge
of the Heeia watershed, which was regarded as one of Oahu's most productive
coastal areas because of taro and rice farming. Moreover, the Heeia stream estu-
ary, which is located in the area, is thought to be a significant economic resource
because it is home to Oahu's largest fishpond. The Heeia watershed (Figure 1),
which makes up roughly half of the coastal plain, is a steep, mountainous, and
narrow valley that eventually converts into a flat marsh zone [8, 14]. Despite its
economic and environmental significance, it faces numerous issues related to
LC and CC, saltwater intrusion, flooding, the spread of invasive plants,
deterioration of the coastal nearshore zone, habitat destruction, and sea level rise
(Figures1and 2) [3-15].

Because of the boundary interaction between the largest federally protected
wetland on the island of Oahu, the largest fishpond, and the largest sheltered coral
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Figure 1.
The landscape view, geographic, and topographic maps of the HCW.

reef system in Kaneohe Bay, the Heeia coastal zone in Hawaii is a typical example of
groundwater-dependent ecosystems [16, 17]. In order to protect native ecosystems
and marine biodiversity, it is essential to comprehend the processes that take place
along the boundary between terrestrial and marine environments [18].

Freshwater flows are critical to the preservation of native adjacent ecosystems.
For instance, the availability of nutrients and light influences the growth of diverse
groups of plankton in water bodies such as the ocean, lakes, and wetlands. The
importance of plankton is obvious because it provides a vital source of food for
large aquatic organisms while also reducing greenhouse gas emissions in the coastal
zone [7]. Assessing the freshwater discharge and associated nutrient fluxes into the
ocean by streams, rivers, and fresh submarine groundwater discharge (FSGD) has
piqued the interest of researchers, managers, and policymakers, particularly those
concerned with coastal environmental health. [19, 20]. Therefore, to fully compre-
hend the relationships between coastal hydrological processes and ecosystems, it is
necessary to quantify the volumetric freshwater discharge through surface runoff
and FSGD in coastal zones.
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The main challenges face HCWs.

3. Wetland restoration

The HCW is a representative example of the Hawaiian wetlands that have been
deteriorated and where wetland restoration has been planned [21]. Prior to the 1950s,
it was thought to be Oahu Island's most productive environment for both marine and
terrestrial food resources [22]. After the 1950s, the Heeia wetland lost the majority of
its excellent ecological functions as a result of the invasive California grass (Urochla
mutica). The degraded marsh cannot be significantly restored using the passive
restoration technique (i.e., restoration based on nature's work) unless physical human
interventions are directly used in restoration to manage various processes [23]. Asa
result, human involvement in the restoration of the coastal wetland is crucial for the
HCW. In the recently proposed Heeia wetland restoration plan, about 69 hectares
of wetland covered in California grass (Figure 3) will be converted into organic
wetland taro (Colocasia esculenta), and eight hectares of wetland mangrove forest will
be transformed into wetland sedges papyrus, which will act as a convenient habitat
for native birds and a nursery site for young fish [11]. The ecological functioning of
a coastal wetland can be improved by wetland restoration initiatives, but the site's
hydrologic cycle components may also be significantly impacted. For instance, the
wetland evaporates water more quickly than other types of land, reduces air tempera-
ture through the evaporation process, traps carbon, maintains stream temperature
(by shading, storing, and releasing cool water during dry season), and controls
stream flows by acting as a sponge (Figure 4) (absorbing water during the wet season
and releasing it during the dry season) [25]. Such studies are required to aid the HCW
restoration process by assessing the effect of restoration on the hydrologic cycle com-
ponents. The water balance components (WBCs) of HCW were assessed under cur-
rent and future LC conditions in this study. The HCW restoration plan was utilized to
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Figure 3.
The pre-development (top, left) and currvent land use (top, right, and bottom) maps of the Heeia wetland.

develop the future LC [11]. In addition, the study investigated the LC impacts on the
spatial and temporal variability of the hydrologic processes within the coastal wetland
and its relationship with the hydrologic processes in the highly elevated land of the
Heeia watershed [26]. Such studies need a tool to assess the WBCs of HCW.

The Soil and Water Assessment Tool (SWAT) model is a helpful resource for evalu-
ating the WBCs under the conditions of both current and future land use [27]. The
SWAT model is suitable for the research area because it is a dynamically processed
model, able to adjust the input data of land use and climatic projections over time to
predict the future effects of wetland restoration on the WBCs [28]. Additionally, it is
computationally efficient to operate at various sizes and appropriate to simulate the
consequences of management changes over extended time periods. The model has
enormous promise for simulating and analyzing the impact of changing land cover on
WBCs [29].

4. The water balance after restoration

Approximately 8% of the Heeia watershed is planned to be converted to taro fields
and impoundments. Based on the land use map, the impacts of this change on water
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Figure 4.
The hydrological aspects and wetland functions of HCWs [24].

balance were evaluated at three spatial scales of the SWAT model, which included

the hydrologic response units (HRUs), subbasins, and watersheds [2]. Within the
eight subbasins of the SWAT model in the coastal plain, taro cultivation and a pond
were created from the coastal wetland. The anticipated negative effects of changed
land cover were depicted in Figure 5. Based on the graph, it was anticipated that the
restoration would affect the WBCs' yearly average (2002-2014). To maintain ponding
water in taro patches, the recharge will be reduced due to soil layer compaction under
the taro patches. However, due to lateral seepage from the taro patches, the neighbor-
ing areas of the taro patches would receive more recharge [30].

The other elements of the water balance may be affected, and there may be an
increase in evaporation from the ponding water area since evapotranspiration (ET)
was predicted to grow [4]. Also, as can be predicted, the conversion of an existing
wetland (California grass) to taro agriculture would result in a reduction in the site's
overall stream flow since stream water would be diverted for taro field irrigation and
more pond water would evaporate. A modest percentage change in the restored land
cover area relative to the overall watershed area, however, can be blamed for the rela-
tively negligible change in WBCs at the watershed scale. The management of water
ponds and taro farming are likely to be to blame for the predicted 41% decline in
recharge at the wetland scale under all irrigation diversion scenarios. In comparison,
in scenario 4, if 90% of the lowest stream flow was diverted from the main channel,
the lateral flow and surface runoff would increase by around 76% and 61%, respec-
tively. While a baseflow reduction of up to 23% is forecast for scenario 4, a substantial
increase in surface runoff and lateral flow was predicted to result in a stream flow
gain of 13%. Also, it was shown that most WBCs were affected more by the wet season
than by the dry season (Table1).

Finally, despite the lack of hydrologic data, the SWAT model accurately captured
the temporal variability of the observed daily streamflow hydrographs, exhibiting
acceptable performance and satisfactory statistical assessment values. The results
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Figure 5.
Yearly average WBCs map of HRUs within the Heeia Wetland [2].

showed that 34% of the watershed's annual rainfall (2043 mm) recharged ground-
water (699 mm), 15% of it went to lateral flow (307 mm), 6% of it went to runoff
(119 mm), and 45% of it was due to actual evapotranspiration (AET) (917 mm). In
addition, 87% of the yearly water supply was contributed by baseflow and lateral
flow. In comparison to surface runoff, the baseflow was discovered to be the primary
factor in the water yield, as shown in the SWAT output graph (Figure 6).

For the wetland area, the HCW restoration plan's effects on WBCs are anticipated
to be significant. Furthermore, the restoration strategy is expected to improve lateral
flow and surface runoff values while decreasing recharge and baseflow values.
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Figure 6.
The WBCs of the Heeia watershed after wetland restoration according to SWAT model outputs [2].

In order to determine the best course of action for achieving sustainable growth of
the taro crop without jeopardizing the streamflow values in the main channel and

at the downstream fishponds, which are crucial to the downstream coastal ecology
of the study area, various irrigation water diversion scenarios were completed to taro
fields. According to the results of the study [4], an optimum management strategy for
the restoration of the wetland and coastal coastline in the study region is possible by
maintaining streamflow and providing the water requirements of the taro patches.

5. The impacts of climate change on water balance components

Both the RCP 4.5 and RCP 8.5 scenarios were evaluated for the relative sensitivity
of WBC:s to the baseline in terms of percent change for the yearly WBCs due to the
combined effects of rainfall, temperature, and solar radiation factors (Figure 7).
With the exception of PET, both the RCP 4.5 and RCP 8.5 scenarios anticipate a
decline in the annual average of WBCs relative to the baseline. The increase in
temperature and solar radiation throughout the dry season is anticipated to result
in a continuous rise in the relative percent change of PET. The AET did, however,
fall short of the baseline value, most likely as a result of a decline in rainfall that
constrained the availability of soil moisture. Rainfall was therefore identified as
the determining element [31, 32]. The effect of rainfall at the coastal region change
would be more pronounced at the coastal region, compared to the upstream regions.
Because of the fluctuating rainfall, temperature, and solar radiation under both sce-
narios (RCP4.5 and 8.5) of CC, the results using monthly time steps showed that the
dry season generated a more severe relative negative shift in the WBCs than the rainy
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season [4]. The relative negative change in WBCs was larger in the coastal wetland
than further upland in the watershed due to the variance in climatic conditions at
both the geographical and temporal scales [33]. Moreover, RCP 8.5 had a greater rela-
tive negative change in the dry season than RCP 4.5, particularly for the late (2080s)
period as compared to the middle (2050s) period. Due to climatic parameter varia-
tion, these adverse effects were more obvious for the seasonal changes in recharge,
surface runoff, lateral flow, and rainfall, especially at the wetland scale as compared
to the entire watershed scale [32, 34, 35]. Due to the low value of recharge within

the wetland, there was a large value of relative change in recharge compared to other
components. The results showed that streamflow dropped, especially during the late
2080s of RCP 8.5 (Figures 8 and 9). In addition, the CC is expected to cause decrease
in the streamflow, baseflow, and groundwater recharge for the whole watershed
(Figure 10). This could be due to a consistent decrease in rainfall for both wet and
dry seasons.

6. Conclusion

The HCW restoration is significantly influenced by the hydrological processes of
the whole watershed. In order to prioritize the actions of the coastal wetland resto-
ration, it is important to examine the hydrological processes at the watershed scale
and comprehend their influences on the coastal wetland. Additionally, it is believed
that managing the water resources of coastal wetlands is the key to maximizing
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the sustainability of the coastal ecosystems. Tools that can assist in evaluating the
coastal water resources are required for such an approach. Hydrological models were
the tools utilized to evaluate the management of the water resources in the Heeia
coastal zone.

The coastal wetland restoration would be expected to be impacted by the WBCs.
When compared to the baseline, the ET is expected to rise, potentially reducing
the other WBCs and increasing the ponding water area. Reduced baseflow would
lead to a decrease in stream flow overall as a result of the conversion of an existing
wetland (California grass) to taro agriculture. When water diversion was adjusted
to 50%, 75%, and 90% of the minimum streamflow, the effects of applied irrigation
diversions were roughly 23, 109, 437, and 3886 mm/y, relative to the baseline (no-
irrigation), after the restoration of taro farming and the construction of ponds. The
minor percent change in California grassland area relative to the Watershed's area
may be the cause of the generally negligible change in WBCs at the Watershed scale.
The WBCs at the wetland scale, however, were considerably impacted by this land
cover shift. In contrast to ET, surface runoff, and lateral flow, for instance, recharge is
projected to increase.

The combined effects of wetland restoration and CC may have a substantial
impact on the WBCs of Heeia Wetland. The variance in rainfall over both space and
time was the main contributor to the adverse effect on WBCs. The components that
were most vulnerable to the combined effects of land cover and climatic changes,
particularly during the dry season, were recharge and baseflow. The WBCs were
generally more impacted in the late 2080s than in the 2050s timeframe.
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Chapter 3

The Likely Status of Inland
Salt Lake Ecosystems in 2050:
Reminiscing and Revisiting Bill
Williams

Francisco A. Comin

Abstract

The classical management approach of inland saline lake ecosystems focused on
ecological issues, including conserving their biological communities and physical-
chemical characteristics. However, the peculiarity of saline lake ecosystems is that
they are in a limited watershed, in many cases a closed watershed. So, its management
should be planned and performed at watershed scale, which has been frequently
neglected. W.D. (Bill) Williams was one of the key persons rising awareness for
conservation and promoting their rationale management based on scientific research
results. This work shows, through a literature review, that classical management
approaches included returning impacted salt lakes to initial conditions through,
mostly, eliminating the processes impacting them. At the turn of the century, a
wider approach emerged. In addition to focusing on watershed scale management,
the integration of social, economic, and environmental issues was incorporated into
management proposals by different authors. Lake Gallocanta case study is described
and discussed as a paradigm of inland salt lake management. The status of inland salt
lakes will improve in the future if land cover reparcelling, and rationale uses of water
in the watershed are incorporated, considering adaptive practices to climate change
impacts and a balanced provision of ecosystem services.

Keywords: management, watershed, climate change, fluctuations, inland salt lakes

1. Introduction

The conservation of inland salt lakes (ISL) has been a matter of interest for the
last four decades [1, 2]. Although scientific aspects of ISL have been investigated since
long ago [3, 4], their management focused on the extraction of minerals for a long
time during the last century and before [5, 6]. The improvement of their knowledge
of ecosystems [7] increased the interest for their conservation since the last decades
of the twentieth century [8, 9]. The triennial conference series on inland salt lakes
started in Australia [10] and followed under the auspices of the International Society
for Salt Lake Research was instrumental in extending the interest and knowledge
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on inland salt lakes. William (Bill) D. Williams early realized the relevance of ISL

as a unique ecosystem and encouraged both their study from the scientific point of
view and their conservation in a good ecological state [11, 12]. All around the world,
many others contributed to increasing the information on the biological components,
comprehending the hydro-geochemical processes regulating ISL dynamics, and the
interest in their conservation [13, 14].

By the end of the last century, most interests was devoted to classical issues as
species conservation and hydrology-related impacts. The desiccation of ISL because
of human land uses in their watershed, called anthropogenic drought, was a challenge
for their conservation. Hydrological modeling was used as a tool to show the relation-
ships between water flows in their watersheds and water level changes in the ISL.
Many detailed studies were dedicated to knowing the trophic webs and their dynam-
ics in relation to chemical characteristics of the water. However, their conservation
and management received much less attention by the scientific community.

Early this century, several authors claimed the global trend of degradation affect-
ing lakes [15, 16]. This reflected the previous alarm calls that arose by scientists all
around the world to be aware of the causes of the degradation of lakes [17]. ISL were
one of those most negatively affected by desiccation due to water diversion and
abstraction in their watersheds. Other negative impacts included pollution, saliniza-
tion, direct occupation of the lake’s shores by urban developments and mining activi-
ties. Also, global climate change has been reported as a major factor causing a general
decrease in the water level of many lakes [18].

In some way, these papers reflected the ideas of others who described the deg-
radation of salt lakes globally during the last decades of the twentieth century and
anticipated a deficient ecological state for the first decades of the twenty-first century
[19, 20]. During the last two decades, concern about the state of ISL increased simul-
taneously with the awareness of the environment in general after the Rio Declaration
on Environment and Development and the Sustainable Development Declaration of
the United Nations in 1992 and 2015, respectively, and the successive reports of the
International Panel for Climate Change, all of them demonstrating the relationships
between human activities and degradation of the environment and suggesting new
models of development based on the preservation of natural resources.

This work follows a similar trail as in the above-mentioned papers to discuss the likely
status of salt lakes by the mid-twenty-first century. The projection to 2050 is an ideal
figure just to define a period long enough to observe changes in the status of salt lakes.

A literature review is done to ascertain major topics of interest of authors with respect

to the conservation and management of salt lakes. Then, following Bill’s footprints, the
likely status of salt lakes is discussed after a driver-pressure-state-impact-response route.
Finally, new paradigms for the management of salt lakes are presented using a few well-
known lakes as case studies. Here, we focus on athalassic inland salt lakes, although a few
inland thalassic lakes are quoted as examples of the specific issue. Coastal lagoons are not
considered here, as they are driven by processes linked to coastal and marine hydrody-
namics, which are quite different from those regulating inland salt lakes.

2. Literature review

Vosviewer, a visualization software [21], was applied to a series of 299 documents
(papers published in scientific journals and proceedings of congresses) obtained

» <«

from Web of Science using the searching terms “salt lakes”, “conservation” and
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Figure 1.

Visualization maps generated by Vosviewer showing: Six major clusters of topics of intevest in the study of inland
salt lakes after the literature review (above); relationships between authors and papers published by most cited
authors (below). Each cluster is vepresented with a different color; the font size of the nodes in the graph represents
the relative frequency of occurrence or both topics, above and authors, below.

“management” on 15 July 2021 for the period 1992-2020 after removing from the
initial list of 432 documents obtained those not related to inland salt lakes.

The revision of scientific publications showed that just a few words were most
frequently used to refer the topics of interest: salinity (and its related words plants,
water, diversity, growth, wetland and salt), saline and salt lakes (and its related words
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biogeography, zooplankton, crustacea, tolerance and biomass), evolution (and its
related words basin, origin, groundwater, system and geochemistry), inland waters
(and its related words shallow, climate change and remote sensing). A few other
words — taxonomy, genus nov., sp. nov., prokaryotic diversity, gradient — were also less
frequently used as representative of topics of interest in papers on inland salt lakes.
Many other words were much less frequently used to simplify the relevant subjects

of scientific papers dealing with inland salt lakes (e.g. nutrient, salt tolerance, eutro-
phication, branchiopoda, habitats, identification, desert, archaea and hypersaline
environments).

These six groups of words corresponding to topics of interest in the study of
ISL are represented in the Vosviewer visualization map in Figure 1. It is remark-
able that the most outstanding author in the set of publications selected with this
literature review is (Bill) Williams (Figure 1), pioneer in the study of inland salt
lakes who was promoting their knowledge and conservation all around the world
for many years. Following his wake, many other authors later reviewed the state of
inland salt lakes.

3. The conservation of inland salt lakes and their status in 2025

The driver-pressure-state-impact-response (DPSIR) approach is a causal
framework to describe the interactions between society and the environment
developed by the European Environment Agency [22]. Data and information on the
five steps are collected from the scientific literature, official conservation depart-
ments and Internetlinked. Here, the DPSIR analysis is applied generically for ISL
in general (Table1). A special emphasis is devoted to lakes previously reviewed by
Bill Williams [20] and other authors to comment on their management progress and
their likely status in 2050.

Burning fossil fuels, which is the major cause of global climate change, is related to
the decrease of the water level of many lakes and, consequently, increased desiccated
periods (both frequency and duration) and related impacts as increased penetra-
tion of ultraviolet radiation. A few lakes in Pakistan are examples of this case, with
reduced habitat representativeness and biodiversity and altered life cycles of aquatic
species [23]. Many other ISL have been referred to with decreasing water levels
related to climate change [18, 24-26]. The relationship between climate change and
inland water shrinking is common in many lakes around the world [27, 28]. However,
a detailed water budget is needed to discern the relative contributions of climate vari-
ability and human impacts on lake inflows [14].

Land cover and land use changes in the watershed are major drivers of changes
in the state of ISL. Their pressures include alteration of surface and groundwater
flows and, consequently, affect the water cycle and impact both the quantity and the
quality of the water in the lakes, as well as alter its salinity and habitats. The expan-
sion of irrigated agriculture is the origin of decreased water levels, water quality
degradation and biodiversity loss in many lakes around the world. Aral, Mono, Dead
Sea, Qinghai, Corangamite, Winnemuca and Owens are ISL submitted to these
impacts caused by changes in land cover and land use changes in their watersheds
with changes in water uses.

The Aral Sea has been one of the most cited closed lakes impacted by diversions of
surface freshwater inputs to irrigate new developments of agriculture, which caused
a catastrophic water level decrease and took the lake state to collapse. In contrast,
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Drivers Pressure State Impact Case studies
Global use of Climate change increased Reduced Ucchali,
fossil fuels penetration biodiversity, Khabbeki, Jahlar
& land cover of ultraviolet altered life Lakes in Salt
& land use radiation, cycles of species. Range (Pakistan).
changes, Decreased water Lack of habitat
level, increased representativeness
desiccated periods:
temporary salt
lakes in these
regions will
remain drier
for longer, and
permanent salt
lakes will become
smaller and more
saline
Expansion Surface inflow Altered water Lowered water Aral, Mono,
of irrigated diversion cycle Reduction level. Increased Pyramid, Dead
agriculture & of characteristic salinity. Water Sea
other water uses habitats. hyper-salinization Qinghai,
in the watershed Corangamite,
(urban Winnemuca,
wastewater Owens
discharges)
Agriculture Surface & pollution increased salinity Lake Tulare
irrigation by groundwater Altered habitats Lakes in Salt
groundwater Inflows of Range (Pakistan)
pumping salinized water
Clearance of Increased Increased salinity” Secondary Lake Pyramid
the natural sediment loads Altered water cycle (anthropogenic)
vegetation and Altered runoffs A more salinization
other land use halotolerant Replacement
changes within community one of biological
catchments communities
Decreased
biodiversity
Urban Loss of lake area Decreased Loss of lake area Great Sal Lake
development in and habitats esthetic, scientific
the catchment values
Pollution
Mining (for Extraction Loss of water Pollution Chaidamu Basin,
mineral of mineral quality Qinghai province
extraction) and biotic lakes of China,
components Zabuye Salt Lake,
Soil-water Jiezhaka Salt Lake
interactions and Longmucuo
Salt Lakes in Ali
region of Tibet.
Exotic species Biological Altered trophic Elimination of Rottnest Island
disturbances structure species, changed and Lake
community Hayward//

Caspian Sea

Table 1.

The DPSIR approach applied to ISL reminiscing some of the lakes discussed by bill Williams.
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the water level of the Caspian Sea, the largest in the world endorheic saline lake, has
steadily increased. These two lakes are just 500 km far from each other. However, they
contrast with respect to water management in the watershed. The withdrawal for irri-
gation is 90% of the water resources of the Aral watershed, which occupies a semiarid
territory, and just 10% of the water resources in the watershed of the Caspian Sea,
which occupies a temperate territory [29].

Clearance of the natural vegetation is another driver who causes increased sedi-
ment loads and altered runoffs in ISL. A management strategy is being developed in
the Truckee River Watershed (Nevada, USA) to reduce sediment loads and improve
the water quality of the water inflowing Lake Pyramid. It includes the restoration of
riparian, aquatic and wetland habitats and planning new urban and rural land cover
changes to avoid easily erodible areas [30].

Urban development in the lake shores and watershed is a driver causing decreased
lake area. This is also a relevant driver-pressure factor affecting Great Salt Lake since
the early 1900s. Diversion of water inflows, constructed infrastructure in the lake,
and dust storms from desiccated areas are also key pressures not only for the lake state
but also for the human population living near the lake [31]. Similar actions dominated
the degradation of Salton Sea (California, USA), an artificially created ISL over old
marine deposits which receives huge amounts of pollutants (nutrients, pesticides)
used in agricultural activities in its watershed [32].

Mining is also a major driver in those ISL where mineral extraction, mostly linked
to evaporative deposits, takes place. Extraction of salt deposited in the lakebed to
obtain salt itself or metals associated with the salt (e.g. lithium) causes loss of the
water quality. This is the case for the lakes located in the Qaidam Basin in Tibet and
Qinghai Basin in China and in the Andean’s plateau [33, 34].

Invasive alien species trigger biological disturbances and alter lakes’ trophic struc-
ture, as it happened in Caspian and Aral Seas after the introduction of fish for com-
mercial purposes [27]. The consequence is a changed biological community, including
the disappearance of key species. In many cases, the introduction of alien species
was not successful because they did not adapt to the environmental conditions of salt
lakes. However, some species were able to acclimatize and had significant impacts on
native populations. This is a major aspect to consider while trying to manipulate the
water level and inland salt lakes’ water salinity.

The conclusion is that there are big differences between ISL with respect to their
ecological states. In those countries where their natural resources are highly appreci-
ated, the status is good or, at least, there is a major concern to preserve all their values
and to establish regulations to combine a rational use of their resources. In Europe,
where ISL are relatively small, there are European regulations to preserve their biolog-
ical populations and their habitats. They all are part of the network of sites so-called
Natura 2000. Similarly, the status of those ISL under a formal protection regulation is
good, although some threats persist. This is the case of many lakes in North America
and South America: Mono Lake (California, USA), Lake Manitou (Saskatchewan,
Canada), Laguna Colorada (Potosi, Bolivia), Mar Chiquita (Cordoba, Argentina),
Alchichica (Puebla, Mexico). Advisory or management committees and plans have
been established, and some actions are already planned and/or implemented to
improve the ecological state of many ISL lakes and their human populations living in
the lake shores and watersheds. Nevertheless, the general feeling is that the process of
improving their ecological state has been too long for many ISL and that a successful
implementation of actions remains to be seen.
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4. The likely status of inland salt lakes by 2050 and beyond

A major challenge for improving ISLs ecological state is integrating economic,
environmental and social aspects under an efficient governance plan for their man-
agement. Such type of plans has been written and implemented for a few lakes but are
still missing for many others.

Mono Lake (California, USA) is an excellent example of this approach. Legal pro-
tection as a nature reserve was established in 1981, and as scenic area in 1984. A regu-
latory programme to decrease water diversion from the lake basin was established,
and the lake water level was recovering. Also, restoration of degraded streams and
lake habitats was performed and, even more, Los Angeles City started a programme
to use water more efficiently. The groups promoting the conservation of Mono Lake
extended similar programmes for the rational use of water throughout California.
However, recovery of the original water level did not proceed as predicted by the
hydrologic model, and large areas of the lake shore remain dry. Then, windblown
dust causes health problems because of the high concentration of particles in the air,
which do not meet the federal PM-10 standard (as in other ISL in North America,
Asia and Australia). The challenge now is updating the hydrologic model to achieve a
lake water level that does not cause this impact, which will also improve the lake shore
habitats and the ecological state of the lake [35].

Aral Sea (Kazajistan/Uzbekistan) still shows a high degradation since the
diversion of water from the two major rivers (which also drain areas of other five
countries) inflowing water to the lake started promoted by the old URSS before the
1960s. At that time, the natural resources of the Aral Sea were not considered valu-
able to be protected, neither those in the central Asia desert which was irrigated
with the diverted water for agricultural production. After the 1990s, two countries
are responsible for the administration of the lake: Kazajistan for the North part
and Uzbekistan for the South part. The Kazajistan Government constructed a dam
separating both parts of the lake in 2007, and the water level is recovering with
improvements in the irrigation system. Further efforts of local groups and interna-
tional collaboration (both scientific and financial) are contributing to the recovery
of fisheries and habitats of the lake. However, corresponding actions have not been
implemented in the south part, and degradation progresses with the full desiccation
of most of this south part of the lake. Despite the orientations provided by scien-
tists for possible restoration actions to improve the state of Aral Sea [36], the lack of
agreement between the two countries managing the lake watershed and others in its
watershed is a handicap for the recovery of the Aral Sea. A common plan for these
territories could contribute to their sustainable development if the preservation of
the Aral Sea values is included.

In 2000 an intergovernmental agreement was signed between two Australian
states to maintain the important environmental, social and economic values of
Lake Eyre. Later, a collaborative work participated by authorities, environmental
groups, local communities and scientists extended the agreement for the sustain-
able development of the whole lake watershed. All the drivers and pressures listed
in Table 1 are present in Lake Eyre Basin. A very comprehensive plan is applied and
renewed every 5 years. It includes the preservation of water flows in the watershed
and integrating aboriginal culture and knowledge, promoting a diverse economy
adaptable to the effects of climate variability and change [37]. An important point
of this plan is that reports of the monitoring and evaluation of the plan actions and
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lake and basin status will be delivered regularly under the intergovernmental agree-
ment established. These are three examples of the great variety of management
practices of inland salt lakes. Those ISL with an integrative management plan and a
governance structure for its implementation will have more changes to improve their
ecological state.

In any case, climate change impacts and will continue impacting ISL. As they
are in arid and semiarid zones, the increasing global temperature enhances evapo-
ration and evapotranspiration. So, a long-term decreasing trend for the water
level is observed in many ISL [18, 27, 38]. However, the rainfall pattern is also
changing all around and more intense seasonal and interannual patterns (heavier
and shorter rainfalls) are being observed in contrast to previous regular longer
rain seasons [39]. This climate change feature can negatively affect the biota of a
temporary ISL if it dries soon after the rain and there is not enough time for the
biota to develop its life cycles, as suggested previously [20]. Also, it can affect
positively to temporary ISL with a marked desiccation trend because they will stay
flooded for longer periods of time or more frequently within the framework of the
long-term water level decreasing trend. However, background climate variation
often masks long-term trends in environmental variables, which must be disen-
tangled through robust statistical analysis to attribute lake water level variations to
different causes [40].

Revisiting some of the suggestions by Bill Williams and others, Table 2 shows a
few examples of drivers of change for ISL and the responses which would be useful
for the improvement of their ecological status.

The first and most important aspect for the management of ISL is considering the
management of the lake and its watershed as just one ecosystem. Most of the impacts
originated after actions in the lake basin. So, the solution must start by acting in the
watershed. Planning and implementing a balanced provision of different ecosystem
services in the watershed, covering the human population demands and developing
the plan with the information and participation of the population is the first step for
the sustainable development of the territory preserving the lake. If this is not incorpo-
rated in the management of ISL watersheds, the impacts of land cover and water use
changes will continue, and the improvements derived from actions in the lake will not
be successful in preserving the natural values of the whole ecosystem.

The perception of the functions and values of ISL is changing all around the world
with status of protected sites and conservation and restoration measures already
established in many countries of Europe, America and Australia. Even more, many
inland salt lakes already have a strategic management plan which includes the ordina-
tion of land cover and efficient water use in the watershed. Obviously, this type of plans
requires establishing benefits for the local population or facilities to incorporate environ-
mental practices in their current activities. In addition to those cases mentioned above,
there are examples of these management practices in China (Lake Qinghai) and Africa
(Lake Bogoria). However, one additional requirement for the successful implementa-
tion of such type of plans is good communication between stakeholders. This requires
mechanisms of participation of local communities to set up the management plan and
transparency for the implementation. If all these aspects are not considered in the man-
agement plan, the improvement of the ecological state of the lake will not be ensured.

There are examples of ISL with protected status where conservation actions did
not progress because of failings to agree such management plan. In Lake Torrens
(Australia), an episodic closed lake declared national park, mining operations
approved by a local authority were prohibited by the Court of Justice under demand
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from a local aboriginal community because of damages to cultural sites. This is an
example of the need to integrate social aspects while managing ISL. In this case, the
conservation of the ISL will benefit from the resolution of the conflict of interests.

Lake Nakuru (Kenya) is well-known for its impressive populations of hippos and
flamingoes, which thrive on a simple and very productive trophic web based on micro-
algae and microcrustaceans. It has been a national park since 1961 but also well-known
after the dramatic decrease in flamingoes and fish mortality caused by contamination
alerted in the 1970s [41]. Pollution by non-treated wastewater from increasing tourism
and the local population, heavy metals from a growing industry and pesticides from
expansive agricultural activities [42] jeopardize the conservation of the lake values.
Furthermore, siltation caused by deforestation (the basin area covered by natural
forest decreased from 47% in 1970 to 8% in 2021) and bad farming practices increased
the lake water level, which expanded 60% of the area flooded, impacting the riparian
ecology and displacing wildlife, the road network, staff houses, office blocks, electric
fences and campgrounds, as well as increasing occurrences of human-wildlife conflict.

The watershed approach — most of the environmental threats are originated in the
watershed — is not included yet for the management of many ISL. New delimitations
of protected areas incorporating key functional zones of the lake’s watershed must
be integrated for protection and restoration. For this purpose, integrating the evalu-
ation of ecosystem services [43] is a practical tool to define zones of interest for the
ordination of land cover and land uses in spatial planning at a watershed scale. The
conservation and management of an ISL can have success if the social, economic and
environmental requirements of the whole watershed are satisfied in an integrative
way, as socio-ecological system. Additionally, a governance structure must facilitate
the participation of stakeholders based on an excellent information system of the lake
values and watershed capacities.

The scenarios for the ecological state of inland salt lakes in the future can be
outlined by contrasting the effects of climate change (only alternative rainfall is
considered as the prediction for temperature is a global increase for the next 30 years,
at least) and land cover and water use in the watershed, the two main drivers for the
ecological functioning of the lakes (Table 3). In general, increased rainfall is not
predicted to occur in semiarid and arid zones, but more intense rains and snow events
have been observed affecting inland salt lakes [39]. However, warm temperature
extremes have also increased, while cold temperature extremes decreased, enhancing
evaporation and evapotranspiration, diminishing the water in both the watershed and
the lake. Intensification of land cover change and water use diminishing natural habi-
tats will continue the degradation of the lake, whatever the rainfall pattern change.

In contrast, a rationale distribution of land cover and water use in the watershed will
buffer the impacts of climate change in the lake and, consequently, a relative improve-
ment of the ecological state of the lake will be observed if rainfall decreases or a clear
improvement will take place if rainfall increases.

Under these circumstances, the only way to improve the ecological state of an ISL
is implementing a sustainable development programme to re-organize watershed
land covers and water uses reducing the driver-pressures causing negative impacts in
the lake. If this is implemented, restoration of degraded sites in the lake can proceed
successfully.

During the present century, new paradigms and approaches have been devel-
oped for the management of ecosystems, which are useful for improving the
ecological state of ISL. Integrative management plans are useful if implemented at
watershed-lake scale with the participation of local communities. For this purpose,
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Driver of change for ISL

Case studies

Responses

Climate change

ISL in general

Adaptive management of land and
water use in the watershed

Expansion of irrigated
agriculture & other water
uses in the watershed (urban
wastewater discharges)

Aral, Mono, Pyramid, Dead Sea
Qinghai, Corangamite,
‘Winnemuca, Owens

Inter-basin collaboration for socio-
ecological development.

Spatial re-ordination of land
covers & land uses. Afforestation
(reduced water consumption)

Agriculture irrigation by
groundwater pumping in the
watershed and inter-basin water
exchange

Lakes in Salt Range (Pakistan)

Land cover & Land use
reclassification

Clearance of the natural
vegetation and other land use
changes in the basin

Lake Pyramid

Reforestation/Restoration

Soil erosion in the catchment
after deforestation and land
consolidation

Lake Gallocanta

Restoration

Urban development in the
catchment and lake shores

Great Salt Lake, Lake Nakuru

Urban planning at watershed scale,
avoiding taking up the shores of
the lake.

Mining

Lake Poopo (water diversion
for mining and agriculture &
climate change)

Socio-ecological plan after
ecosystem services evaluation &
adaptation

Exotic species in the lake

Caspian Sea (fish species,
invertebrates, introduced)

Removal of invasive species/
Restoration of degraded habitats

Table 2.

Revisiting some of the ideas by bill Williams and others suggesting actions to improve the ecological status of ISL.

Intensification

Rationalization

Climate change

Decreased rainfall

Severe degradation

Relative improvement

Increased rainfall

Moderate degradation

Improvement

Table 3.

Likely trends of the ecological state of ISL under different scenarios.

the evaluation of ecosystem services let to define land cover and uses and, finally, a
watershed land cover consolidation providing benefits for socio-economic interest
and for conservation purposes satisfying the interest of all the stakeholders [44].

A good knowledge of the natural values and processes in the lake and watershed
is essential for its management. The essential point is to have a detailed water budget
because it lets us know the key inflows and consumption processes of water in the
watershed and the lake. Then, management decisions can be taken accordingly to the
critical points of the water budget [14]. However, both a short and long-term per-
spective of the water level changes must be considered as the relative importance of

background climate oscillations in ISL remains uncertain and often masks long-term
trends in environmental variables but can be accounted for through more comprehen-
sive statistical analyses [40].
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Of course, trophic web changes in relation to the water level fluctuations are essen-
tial information to know the full spectrum of biodiversity of ISL [45]. This includes
the distribution of habitats and communities on the shores of the lake, which also
fluctuate as the water level markedly changes [46]. This is fundamental information
to anticipate climate change and adopt a strategy to counteract its impacts.

5. Lake Gallocanta as a case study

Lake Gallocanta (22 km?, watershed 520 km?, located at 1000 m.a.s.l. at 40° 50’ N,
20 17 W in Central Spain) is a closed temporary (maximum water column recorded
250 cm in 1974) salt lake characterized by seasonal and interannual fluctuations of the
water level with a return period of 0,3-2,4 years [47]. The lake and 15% of its basin
around it were declared protected (Natural Reserve) by the regional Government
in 2006. It is a site with natural habitats, vegetation, and animals, protected by the
European Union and a Ramsar site.

Lake Gallocanta has two major drivers-pressures in common with many other ISL.
Climate change is the major pressure as it has been observed a long-term water level
decrease [48], including more frequent desiccated periods during the second half of
the twentieth century [49]. Only 1% of the potential water input to the lake is used for
irrigation in the watershed [50]. Deforestation for agricultural purposes took place
in the mountains surrounding the watershed five decades ago. During the last years,
land reparcelling promoted to favor agricultural production has been implemented in
most of the municipalities around the lake eliminating hedges and banks, and favor-
ing soil erosion. Also, most of the groundwaters are contaminated by nitrates after
years of fertilizing agricultural crops with pig slurry.

The lake maintains a good ecological state, although there is not a current evaluation
beyond bird census and reports about the spatial distribution of species and habitats
of interest. Recently, an increasing frequency of filamentous algae blooms and oxygen
depletion in some parts of the lake bottom linked to heavy rains inflowing suspended
solids and nitrates to the lake has been observed. The recently changed rainfall pat-
tern [51] with more intense rainfall events maintains the water fluctuating at a critical
intermediate level and salinity. At this stage, a short water level fluctuation significantly
changes the trophic structure, which is part of the lake dynamics. The key point is to
value all the facies of the lake and their fluctuations in accordance with the natural lake

Social aspects

Figure 2.
Changes in the major aspects considered for the management of Lake Gallocanta and its watershed since mid-
twentieth century.
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dynamics, which in the case of Lake Gallocanta requires desiccation periods following
Langbein hydro-ecological model [52] to show all its biodiversity through time.

In the case of Lake Gallocanta, while most of the management attention is devoted
to bird populations and bird-watching activities by visitors, a management action
plan has not been established yet because of disagreements between farmers and
regional Governmental administrators. An erratic management has been taking place
with alternative emphasis on different aspects and controversial practices between
agricultural and biodiversity measures, although funds provided by the European
Union have been given to stimulate agricultural practices in accordance with nature
since the mid-twentieth century and for the restoration of natural habitats recently
(Figure 2).

The history of management of Lake Gallocanta is a paradigm for other lakes. The
lack of integration of environmental, social, economic aspects and, overall, lack of
governance capacity is a handicap for the conservation of the lake values in the long
term. The human population has decreased strongly since the mid-twentieth century,
but the economic status of the remaining population did not improve compared to
those living in cities. Alternative activities such as tourism or manufacturing did
not start up significantly. In addition to specific restoration actions to recover and
maintain natural habitats, a management plan integrating the three aspects for
the sustainable development of the watershed, including lake conservation, with
the participation of local people in the governance programme, is required for the
improvement and conservation of the ecological state of the lake.

6. Conclusions

Degradation of ISL progresses all around the world as a consequence of, mostly,
impacts originated by land cover and water use changes in the watershed, mining
operations and urbanization of lake shores. The status of ISL will improve if manage-
ment plans are established integrating environmental, social and economic aspects at
watershed scale and an efficient governance protocol to implement the management
plan. Land cover reparcelling and a rational distribution of water should be part of
the management plan. Adaptive management practices in the watershed are required
to buffer climate change impacts. Continuous control of the lake’s physical, chemical
and biological conditions will provide the required information for the evaluation of
their status and innovation of the management plan.
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Chapter 4

Economic Impacts of the
Establishment of Alternative Water
Retention Habitats on the
Agricultural Holdings

Matjaz Glavan

Abstract

The municipal spatial plan of the city of Ljubljana determined the location for the
expansion of the Ljubljana Regional Waste Management Centre. The environmental
condition for the expansion is the establishment of alternative water retention habitats
(267.1 ha) on the northern edge of the Ljubljana Marsh. The study aimed to analyze
possible mitigation measures for agriculture due to the envisaged changes in land use.
The plan envisaged a change in the use of conventional agricultural land, overgrowth
vegetation and forest for extensive grassland (172 ha), forest (86 ha), and water
surfaces (8.9 ha). Results indicate that the income from subsidy payments will be
higher due to establishing additional wetland meadows (28 ha) in the currently
overgrown areas. The intervention will decrease the value of the crop produce (—61 to
—71%) and thus the farm revenue (—34 to —43%). However, variable costs are
lower due to the expected extensive land use. A larger area of protected habitats on
agricultural land returns lower variable costs (—60 to —69), a positive balance of gross
margin for the total area (+5 to +15%), and a lower gross margin per hectare of
agricultural land (—4 to —12%), and thus the income of most agricultural holdings.

Keywords: alternative habitat, water retention, agriculture, income, wetland,
economic calculation

1. Introduction

Agriculture has an important impact on biodiversity; both are interconnected
through ecological functions and ecosystem services, such as soil structure, nutrient
content, pollination, regulation of pests and diseases, water retention, and semi-
natural habitats species, depending on Ref. [1]. With appropriate policies, it is possible
to maintain and even enhance biodiversity while agriculture adjusts cultivation
practices. However, the cost-effectiveness of different policies needs to be tested
before implementation [1].

In most countries, national laws on nature conservation specify mitigation and
compensatory measures to mitigate the obstruction of nature or its consequences or to
compensate for the intended or caused degradation of nature. Among the possible
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forms of these measures is establishing an alternative nature area with the same nature
conservation characteristics as the area on which the intervention had a significant
impact [2].

The effects of the establishment of alternative water retention areas and extensive
wet grassland habitats can affect agriculture in several ways. The effects can be
divided into direct and indirect, depending on the consequences. The direct adverse
effects on agricultural land include a change in soil properties and, thus, a reduction in
the production potential of agricultural land. This is due to the flooding of land and
the habitat requirements of plant and animal organisms, which in a given case, require
conditions similar to wetlands or wet meadows. The direct effects also include the loss
of agricultural land due to the establishment of surface water bodies with permanent
or intermittent standing water for habitat needs and surfaces for flood water storage.
Indirect adverse effects include impacts that originate from changes in soil properties
(soil temperature and soil water content). As a result, problems arise in soil cultivation
(access to land), loss of yield and income, and land value.

On surfaces with a high-water table level, such as wet meadows, the water-saturated
soil area is closer to the soil surface. All soil horizons are entirely saturated with water
during most of the year. It creates special conditions in the soil that affect the growth of
agricultural plants typical of the climate of the study area. Most agricultural plants in
waterlogged soils lack oxygen for root growth. It should be emphasized that higher
groundwater levels or deepening the terrain to retain flood water on agricultural land
represents a reduction in the production potential of the agricultural land for crop
production, regardless of whether market or nonmarket crop production takes place on
the agricultural land. In order to achieve the suitability of the wet meadow habitats for
the life of classification bird species, a constant high-water level in the area of wet
meadows establishment is necessary. Lower-water levels are foreseen only during grass
harvesting. By regulating the water regime, we are not establishing a natural system but
an artificially made system that needs constant maintenance.

The location for the expansion of the Regional Waste Management Centre
(RCERO) was determined by the municipal spatial plan of the city of Ljubljana. The
spatial plan determines that one of the conditions for expanding the RCERO is
establishing alternative areas for retaining flood water and habitats of extensive wet
meadows on the northern edge of the Ljubljana Marsh.

The objectives of this study are (i) an analysis of the economic impact of
establishing alternative water retention habitats on the income from agricultural
activity and (ii) the analysis of possible mitigation measures for agriculture due to the
establishment of alternative habitats. The study presents a spatial analysis of the
existing and alternative economic situation analyzing the change in revenues, costs,
and gross margins per hectare of agricultural land due to the establishment of
alternative water retention habitats for the three proposed land use variants [3, 4].

2. Methodology and materials
2.1 Study area

The area proposed for implementing measures to establish alternative or replace-
ment water retention habitats to ensure a favorable condition of the qualification
species of Eurasian woodcock (Scolopax rusticola) was established to mitigate the
expansion of the RCERO. The area is located in Slovenia in the municipality of
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Ljubljana in the northern part of the Ljubljana Marsh, south of the A1/A2 highway,
east of the regional center for waste management, west of Rakova Jelsa settlement and
north of the Ljubljanica river (Figure 1a). The area of 267.1 ha is flat, with an altitude
between 277 and 278 m.

The climate in the area is classified as moderate continental of Central Slovenia, or
the so-called sub-alpine climate [5]. Ljubljana lies in an extensive basin surrounded by
the pre-alpine and Karst geology. The temperature inversion is characteristic of the
area. The marsh is a source of cool air in the summer, as temperatures are, on average,
four to five degrees lower than in the city [6]. Average annual weather parameters in
Ljubljana for the period 1971-2000 are (i) temperature of 10.9°C, (ii) 1974 hours of
sunshine, and (iii) 1362 mm of precipitation.

According to the soil map, the more significant part of the soil in the area is
classified as low peat marshes, which are shallow to medium deep humified (40%)

Figure 1.

Research area (a) land use by municipal spatial plan, (b) land quality credit points, (c) actual land use, (d) land
use graphical units of agricultural holdings (GERK) with main crops in 2012, (e) land cultivated by agricultural
holdings, and (f) ownership and lease of the land.
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and mineral-organic clay loams of calcareous origin (38%). Other soils are strongly
expressed gleysol on the organic subsoil (15%) and eutric mineral, medium to strongly
expressed hypogleys (5%) [7]. The largest share of the area is represented by the land
quality credit points class of 1-34 points with 255.31 ha (95.6%). Of this, 49.1% or
131.21 ha is agricultural land with a rating of 13 points (Figure 1b).

From the total area of 267 ha, in terms of actual land use, arable land presents 34%
(92 ha), overgrown agricultural land 26% (70 ha), marshy wet meadows 14% (38 ha),
forest 14% (37 ha), trees and shrubs 7% (18 ha), and forest tree plantations 3% (8 ha).
The rest is uncultivated agricultural, urbanized land, and water surfaces (Figure 1c).
There are 72 land-use graphical units of agricultural holdings (GERK) (109.85 ha),
presenting 41% of the total study area (Figure 1d). Among all GERKs, 52 have arable
land use (85.09 ha), 30 marsh/bog meadow land use (10.89 ha), and 7 forest tree
plantation land use (10.53 ha).

Data on subsidy payments for agriculture shows that 98.27 ha of agricultural land
was claimed in the study area (greening is not included). The agricultural crop code
permanent meadow (204) is attributed to 12 GERKs (13 ha) (Figure 1d). Agricultural
crop codes attributed to fields (001, 005, 006, 007, 009, 012, 014) in 2011 and 2012
were used on 52 GERKs (85.18 ha). In an average year, the highest share of land was
planted by winter wheat, followed by silage maize, grain maize, oilseed rape, and
other crops (Table 1). On average, other crops occupied less than 5% of the surface.
The most common rotations in the area are two-year rotations (maize/wheat or barley
or triticale), three-year rotations (maize/maize/wheat or triticale or barley), and four-
year rotations (maize/oilseed rape/maize/wheat or triticale or barley).

Agricultural land was cultivated by 19 holders of agricultural activity registered in
the register of agricultural holdings, which are included in the system of subsidy
payments (Figure 1e). All agricultural holdings cultivated 719 ha of agricultural land
of which 109.55 ha, or 15.24%, lie within the study area (Figure 2). Two agricultural
holdings owned more than 50% of the agricultural land within the study area.

Crop Area (ha)
Year 2011 Year 2012 Average

Id Name Ha %
001 winter wheat 17.98 3231 25.15 22.52
005 maize—grain 19.06 22.92 20.99 18.80
006 maize—silage 19.99 23.06 21.53 19.28
007 triticale 231 2.60 2.46 2.20
009 winter barley 3.96 4.46 4.21 3.77
012 sunflower 2.12 0.99 1.56 1.39
014 oilseed rape 11.67 25.63 18.65 16.70
204 permanent grassland 12.54 13.70 13.12 11.75
206 clover-grass mixture 5.96 — 5.96 5.34
207 clover 2.05 — 2.05 1.84

Sum 97.64 97.64 125.67 111.66

Table 1.

Aveas (ha) of crops on fields for the research area, including greening, based on subsidy payments in 2011
and 2012.
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Legend (1]
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Figure 2.
All agricultural land cultivated by agricultural holdings present in the study area of alternative water vetention
habitats.

Agri-environmental measures (AEM) from the Rural Development Program
(RDP) of the Republic of Slovenia (2007-2013) were implemented as the sub-
measures of sustainable livestock production (SLP) on 7.5 ha, crop rotation (ROT) on
45.2 ha, and greening of arable land (GAL) on 26.38 ha. In addition, compensatory
payments for less favored areas with limited opportunities for agricultural activity
were applied to 88.3 ha. There are 374 land parcels in the area, most of which are
owned by the Republic of Slovenia (146.94 ha, 55%) (Figure 1f).

There are no official drainage or irrigation systems in the area (Figure 3). The area
is otherwise characterized by open drainage ditches, which drain excess soil and
groundwater from the area and directly enable the cultivation of agricultural land. The
area has three main drainage ditches: Curnovec, Lahov Graben, and Kansov Graben.
The southern part of the area, which is agriculturally intensive, is exposed to frequent
floods, the central part of rare floods, and the northern part to catastrophic floods. The
high flood risk area covers 98 ha or 38% of the study area (south), the medium flood
risk area covers 108 ha or 42% of the area (central), and the low flood risk area covers
44 ha or 17% of the area (north). The entire study area is classified as a NATURA
2000 area.

2.2 Data source

Both spatial and tabular data from various public sources are included in the
analysis (Table 2). We edited the data using ESRI® ArcGIS 10.0 software (ArcMap,
ArcInfo, ArcCatalog) and MS Excel. Using ArcGIS, we combined the tabular data with
spatial layers and obtained additional information about the study area. Data are
displayed spatially and tabularly with appropriate written explanations.

45



Wetlands — New Perspectives
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Figure 3.
Land use of three variant solutions for the establishment of alternative water retention habitats in the study area

with the presented spatial management units.
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Data Type Source

Municipal Spatial Plan of the City of Spatial City Municipality of Ljubljana (MOL), Spatial
Ljubljana (OPN); layer planning department (2012);

Flood risk; Tabular Ministry of the Environment and Spatial Planning
Water protection areas; data (MESP) (2012).

Natura 2000;

Ecologically important areas;

Natural heritage—Landscape Park of
the Ljubljansko barje;

Cultural Heritage.

Pedocartographic units; Spatial Ministry of Agriculture, Forestry and Food
Digital soil number; layer (MAFF) (2012) http://rkg.gov.si/GERK/
Actual land use; Tabular

Land use graphical units of agricultural ~data
holdings;

Drainage and irrigation systems.

Land quality credit points Tabular Geodetic Survey of the Republic of Slovenia
State land lease contracts data (GSRS) (2012) http://www.gu.gov.si/
Farmland forest Fund (FFFRS)

Subsidy payments Tabular Agency of the Republic of Slovenia for
Type of agricultural culture data Agricultural Markets and Rural Development
Agri-environmental measures payments (ARSAMRD) (2012)
Agricultural holdings http://www.arsktrp.gov.si/si/

Table 2.

Data sources included in the analysis.

The methodology includes calculating the potential change in gross margin (gross
margin = revenue — variable costs) due to changes in production and thus revenue and
costs from agricultural activities for the area of permanent agricultural land occupa-
tion (eqgs. 1 and 2). Permanent occupation means that agricultural land is managed by
state policy-determined regulations under a special regime to establish alternative or
replacement habitats and water surfaces to provide an alternative volume for
retaining flood water. In the assessment of economic effects, we included: (a) the
spatial location of the agricultural land in the study area; (b) agricultural land use,
type of agricultural culture, and crop rotation; (c) three variant solutions for
establishing alternative wetland habitats and replacement volume for flood waters;
(d) involvement in agri-environmental measures (AEM) of the EU Common Agricul-
tural Policy Rural Development Program.

An assessment of the change in economic parameters due to the permanent occu-
pation of agricultural land of various types was made. Conventionally managed arable
fields, marsh meadows, and forest tree plantations (Figure 1c) are to be replaced to a
lesser or greater extent by types of extensive-organic agricultural land use (organic
arable fields, marsh meadows), forests, trees and shrubs, and water surfaces. Changes
in land use mean a change in the type of plants, the quantity of the crop yield, and
crop quality. The potential change in gross margin for the average growing season and
the average rotation was assessed, considering the Catalog of calculations for selected
crops [8]. The catalog is also used by the Slovenian Chamber of Agriculture and
Forestry and the Ministry of Agriculture, Forestry and Food (Tables 3-5).

From the calculations for individual crops, we prepared two average calculations
for arable areas, which include the basic average values of revenue and variable costs
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ARABLE FIELD, three-year rotation (K3), conventional farming Calculation (EUR/ha/year)
winter wheat/grain maize/silage maize

Value of the produce (EUR/ha) 1091.7

Subsidy payment (EUR/ha) 332.0

Revenue (EUR/ha) 1423.6

Variable Costs (EUR/ha) 1040.3

Gross margin (EUR/ha) 383.3

ARABLE, three-year rotation—organic—OA
winter wheat/buckwheat/ grain maize

Value of the produce (EUR/ha) 1225.0

Subsidy payment (EUR/ha) 630.0

Revenue (EUR/ha) 1855.0

Variable Costs (EUR/ha) 1031.3

Gross margin (EUR/ha) 823.7
Table 3.

Calculation of variable costs and gross margin for arable crop rotations.

Wood of non-forest plantation-P Produce price Calculation
15 years life span of the plantation. (e/t) (average yield)
Chips, chopping every 5 years, 7 t dry matter/ha/year

Yield (m*/ha) 7

Value of the produce (€/ha) 38 266

Subsidy payment (EUR/ha) —

Revenue (EUR/ha) 38 266

Variable Costs (EUR/ha) 140

Gross margin (EUR/ha) 38 126
Table 4.

Calculation of variable costs and gross margin for the wood of non-forest plantation.

for calculating gross margin (Table 3). The basis for preparing these calculations was
based on an average three-year rotation (wheat/grain maize/silage maize). For the
alternative habitat variant 3, which envisages the preservation of 10 ha of organically
managed arable fields, we used an organic three-year rotation (wheat/buckwheat/
grain maize).

For crops sold on a larger scale, the average produce prices detected on the market
in the year of publication of the Catalog of Calculations are considered and, in some
instances, do not reflect the actual situation [8]. Furthermore, prices on the market
fluctuate annually and monthly depending on supply and demand, which means that
the products can be sold at a higher or lower price than considered in the calculation.

The economic calculation for agricultural holdings is based on the subsidy pay-
ments applications at the Agency for Agricultural Markets and Rural Development. In
order to compare the differences between the existing land use situation (ExU) and
the three extensive variants of the alternative replacement habitats (V1, V2, V3) and
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HAY, unfertlizied—conventio‘nal—Ml Produce price (€/t) Calculation (average yield)
dried on the soil, baled, 2 cuts ;

85% final dry matter

Yield green (t/ha) 30.0
Yield hay (t/ha) 6.3
Value of the produce (€/ha) 87.34 550.2
Subsidy payment—REG (€/ha) 109.0
Subsidy payment—BH (€/ha) 121.4
Revenue (€/ha) 780.6
Variable costs (€/ha) 240.0
Gross margin (€/ha) 540.6

HAY, unfertlizied—organic—M3
dried on the soil, baled, 2 cuts’; 85% final dry matter;
the first cut after July 1st—1/3 of the conventional one in terms of quality

Yield hay (t/ha) 6.3

Value of the produce (€/ha) 52.6 331.5
Subsidy payment—REG and OA (€/ha) 336.0
Revenue (€/ha) 667.5
Variable costs (€/ha) 240.0
Gross margin (€/ha) 427.5

HAY, unfertlizied—organic—M5

dried on the soil, baled, 1-2 cuts; 85% final dry matter; first year, one cut after August 1st, suitable for
bedding; the second year, two cuts—the first cut after July 1st, which is 1/3 of the conventional one in
terms of quality

Yield hay (t/ha) 51

Value of the produce (€/ha) 26.3 165.8
Subsidy payment—REG and OA (€/ha) 336.0
Revenue (€/ha) 501.8
Variable costs (€/ha) 178.8
Gross margin (€/ha) 323.0

*ratio in the hay crop = first cut: second cut = 60:40.
REG—subsidy payment for grassland; OA—agri-environmental measures of organic agriculture; BH—agri-
environmental measures of preservation of butterfly grassland habitats, grass cut before July 1st and after August 20th.

Table 5.
Calculation of variable costs and gross margin for an unfertilized marsh meadow, where dried hay is grown for
fodder, produced as bales in conventional and organic agriculture.

their economic effects on agriculture, in the case of arable land, meadow land, and
forest tree plantations, we used data from the calculation tables (Tables 3-5) on the
average annual produce yield (PY) and crop price (CP), average annual subsidy
payments (NP), average annual revenue at a given price (R), average annual variable
costs (VC), and average annual gross margin at a given price (GM) (Tables 3-5). The
calculation does not include subsidy payments for less favored areas for agricultural
activity (OMD), which greatly vary between agricultural holdings and differ
depending on the average quality of land and its geographic position.
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Equations and terms used in the calculation of the economic effects of the
arrangement of alternative habitats on agricultural land:

GM = R-VC. 1)
R = (PY x CP) + SP ()

where

Gross margin (GM) = revenue [€/ha] - cost [€/ha].

Revenue (R) = (crop price [€/ha] x produce [t/ha]) + subsidy payments
[€/ha] = [€/ha].

Variable cost (VC) = seeds, fertilizers, pesticides, machine hours, work hours
[€/ha].

Produce yield (PY) = average harvested crop yield [t/ha].

Crop price (CP) = price of produce [€/ha].

Subsidy payments (SP) = EU Common Agricultural Policy Rural Development
Program (2007-2013) Republic of Slovenia [€/ha].

2.3 Variant proposals for the establishment of alternative habitats

We designed three types of economic effects simulations described in the report
entitled variant proposals for arranging alternative habitats due to the expansion of
the Ljubljana landfill [3, 4]. The report presents three proposals for placing alternative
habitats and replacing volumes for flood waters (Figure 3). Variants 1 (V1) and 2 (V2)
propose that currently as marsh meadows (81.9 ha), forest (4.8 ha), and water sur-
faces (5.6 ha), with a land use ratio of 32.3:64.4:3.3. Variant 3 (V3) propose arable land
(92.3 ha) to be managed organic fields (9.7 ha), marsh meadows (74.8 ha), forest
(4.3 ha), and water surfaces (3.4 ha), with land use ratio of 32.3:60.3:3.3:4.1.

The proposed variants V1 and V2 fully follow the provisions of the Municipal
Spatial Plan. In both variants, forest-shrub and meadow areas were arranged in a
mosaic in the prescribed ratio of 30%:70%. The only differences are in the location of
the forest-shrub vegetation on the northern edge of the area and the southern strip of
existing riparian trees along the Ljubljanica River. The proposed variant 3 (V3) differs
from V2 in approximately 11 ha of organically managed arable land for the production
of low-growing agricultural crops (close-grown cereals, root crops). It prohibits the
cultivation of maize and other tall grains. The use of plant protection products is
restricted. It also envisages a second location for the floodwater depression in the
eastern part, placing it on overgrown land. The most significant impact on agriculture
is expected in areas where the proposal envisages forest-shrub stands and floodwater
depressions. In those, agricultural activity will be completely disabled, which means
that these agricultural lands will be permanently taken away or permanently occupied
with alternative habitats, serving as floodwater retention areas during floods and as
water surfaces for birds in normal conditions. These areas will be redesigned and
deepened. To provide optimal conditions for the life of Natura 2000 classified plant
and animal species, water in floodwater depressions will be present for most of the
year, or the groundwater level will be so high that it will not allow agricultural
activity.

In the area of management units (V1: MZ, MV; V2-V3: MZ, MV, H), where the
establishment of mosaic land use pattern is envisaged, forest-shrub stands and wet
marsh meadows are planned, which are not fertilized and are mowed maximal twice a
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year (Figure 3). It is also envisaged that the management of the drain ditches network
and overgrowth of the ditches that separate the plots will be discontinued. Therefore,
agricultural activity will be limited in the wet marsh meadow management units (V1:
T, S; V2-V3: T, S, Z) (Figure 3).

In the unit T area, all arable land will be converted to unfertilized alternately cut
meadows, and all tree and shrub growth will be removed except for a few clusters of
shrub vegetation. It is envisaged that the ditches will be preserved, but they will be
equipped with sluice gates to maintain an appropriate groundwater level. In the
eastern part of unit T, sheep grazing is expected to be preserved, but only if there are
no adverse impacts on the classification species of Natura 2000.

All fields in management units S and Z will be turned into unfertilized, twice-a-
year cut marsh meadows. It is envisaged that the parcel borders will be overgrown,
and 10 clusters of shrubs and tree vegetation will be planted. It is also planned to
discontinue the management of the drainage ditches to increase the soil moisture of
the land. However, it foresees the renovation of the drainage ditches and the installa-
tion of sluice gates if mechanical grass cutting is impossible.

Agricultural activity will not be possible in units with forest cover and shading
vegetation (V1: ZR, SR, JR, VR; V2-V3: ZR, SR, JR, VR, H) (Figure 3). The forest will
be excluded from management and left to natural development. Most forest and shrub
areas already exist, so no significant impact on agricultural activity is expected. The
only exception is the northern edge of management unit S, where a new riparian strip
of vegetation is established on agricultural land.

Variant 3 in management unit S proposed (Figure 3) organically managed crop
production, no pesticides, low-growing cereals with o maize, and the preservation and
maintenance of drainage ditches. According to BirdLife Slovenia, the complete ban on
the cultivation of maize is related to the shape of the maize stand, which is not optimal
habitat or has a negative impact on many Natura 2000 classification bird species.
Based on our discussion with bird experts, we have included maize in the organic
rotation (11 ha of fields in the area) due to its beneficial effect on production eco-
nomics. However, with one condition, only organically produced local maize varieties
can be grown in an alternating rotation with winter wheat and buckwheat.

From the description of the proposed management in the study area, it is clear that
any agricultural activity will be limited and, in some places, even impossible com-
pared to the existing practice after establishing alternative habitats and flood water
retention areas. The proposed management restricts not only conventional but also
organic cultivation. Production on arable fields is mainly prohibited, as is the fertili-
zation of grassland areas. If a sluice gate system is established in the area to maintain a
higher water table level and the water table is not higher than 20 cm below the ground
level, this could favor grass production. However, it should be noted that grass from
single-cut, late-season cut meadows is not suitable for animal consumption in inten-
sive agricultural production. The fodder is only suitable for bedding or as supplemen-
tary fodder for horses.

3. Results and discussion

3.1 Existing situation

The existing land use situation results show that the average annual revenue (value
of the crop and subsidy payments without agri-environmental measures) for the
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three-year rotation varies around 164,425 EUR per year for the entire study area
(Table 6). The produced crop value is estimated at over 125,000 EUR per year.
Disregarding payments for less-favored areas and agri-environmental measures
(AEM), the maximum possible annual amount of subsidy payments per area is esti-
mated at over 39,000 EUR per year. Considering the AEM payments, a minimum of
around 9000 EUR per year can be added to the revenue. A realistic average estimate
of AEM payments is difficult, as it changes from year to year and depends on the
agricultural policy and the voluntary willingness of farmers to join the AEM scheme.
Variable costs average around 107,000 EUR per year. Thus, the average gross margin
for agricultural land in the study area is estimated at 57,418 EUR per year. If we add
the AEM payment, the estimated gross margin increases to a minimum of 66,684 EUR
per year.

As already mentioned, the calculation did not include payments for less-favored
areas and AEM payments, such as the preservation of the crop rotation (ROT) (91.84
EUR per ha annually), the greening of arable areas (GAL) (172.20 EUR per ha annu-
ally), and sustainable livestock production (SLP) (84.46 EUR per ha annually). If the
entire study area fields were included in AEM, revenue would increase substantially
(ROT by 8477 EUR annually; GAL by 15,894 EUR annually) and thus also the total
coverage. However, receiving payments is conditioned with a required five-year crop
rotation, which not all farmers can agree to due to the farming type specificity and
cultivation technology. In the calculation, the AEM preservation of butterfly grassland
habitats (BH) is considered, stipulating that grass cutting must not be done between
July 1st and August 20th, enabling two quality grass cuts. In the study area, all
agricultural holdings practice conventional production. Therefore, none of them
applied for AEM payments for organic agriculture (OA).

3.2 Economic impact of alternative habitats on agriculture

The results of the analysis of alternative habitat variants 1, 2, and 3 show that total
revenues would decrease by 43% (V1), 41% (V2), and 34% (V3), respectively, mainly
due to a lower quantity and quality of crops (Tables 6 and 7, Figures 4-6). The
revenue reduction would be most affected by the drop in crop produce value for the
three-year rotation, as it would decrease on average by 71% (V1), 69% (V2), and 61%
(V3) annually (less arable fields). Subsidy payments, on the other hand, would
increase by 47% (V1, V2) and 55% (V3) due to the possibility of including extensively
managed meadows in the AEM scheme for organic farming (OA). The AEM payments
for the preservation of butterfly grassland habitats (BH), which can be enforced under
the current scheme, were not considered, as the planned management measures of
alternative habitats conflict with the requirements of the AEM scheme of the Rural
Development Plan.

Variable costs would be reduced by 69% (V1), 68% (V2), and 60% (V3) due to
extensive land management with only one or two late grass cuts (Tables 6 and 7). Asa
result, the total study area gross margin is estimated at +5% (V1), + 8% (V2),
and + 15% (V3) in favor of the planned alternative habitats. By adding average AEM
payments (GAL, ROT, SLP) for existing land use, as farmers applied for, the differ-
ence between gross margins are estimated at - 10% (V1), — 8% (V2), and - 1% (V3)
for the planned alternative habitats in the study area. It is important to note that the
gross margin per hectare of the study area would also decrease from —4 to —12%.

The planned establishment of alternative habitats will significantly impact agricul-
tural holdings production by reducing the quantity and quality of the crop yield. Thus,
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Land use Are Revenue (EUR) Variable costs Gross margin
(EUR) (EUR)
Description ha % ha year ha year ha year

Existing land use (ExU)

Arable—conventional 923 641 1424 131,411 1040 96,029 383 35,382
Bog meadow 374  26.0 781 29,230 240 8987 541 20,243
Forest tree plantation 142 99 266 3785 140 1992 126 1793

Total 144 100 1142 164,425 743 107,008 399 57,418

Variant 1 (V1)—intended alternative land use

Bog meadow 172 100 546 93,932 195 33,569 351 60,363
Total 172 100 546 93,932 195 33,569 351 60,363
Difference = V1 - ExU +28 -596 —70,494 548 —73,439 —48 +2945
Percentage change (%) +19 —52 —43 —74 —69 -12 +5

Varianta 2 (V2)—intended alternative land use

Bog meadow 172 100 559 96,204 200 34,410 359 61,794
Total 172 100 559 96,204 200 34,410 359 61,794
Difference = V2 - ExU +28 —583 —68,222 —543 —72,598 —40 +4376
Percentage change (%) +19 —51 —41 -73 —68 -10 +8

Varianta 3 (V3)—intended alternative land use

Arable—organic 1 63 185 20,035 1031 11,139 824 8896

Bog meadow 161 93.8 554 89,180 198 31,884 356 57,295

Total 172 100 635 109,216 250 43,023 385 66,192

Difference = V3 - ExU +28 -507 55,210  —493 —63,984 -14 +8774

Percentage change (%) +19 —44 —34 —66 —60 -4 +15
Table 6.

Calculation of the change in revenue for agriculture due to the establishment of alternative water retention
habitats in the study area.

the value of produce on agricultural holdings decreases from —43 to -94% for V1, —
38-94% for V2, and —21 to —94% for V3 (Table 7, Figures 4-6). Subsidy payments
per individual agricultural holdings may change depending on the type of existing
agricultural land management and the spatial placement of panned ecological ele-
ments of alternative habitats (marsh meadows, flood water depressions, shrub hedges,
riparian vegetation on drainage ditches, and forest). Thus, all proposed variants (V1,
V2, V3) range from an increase of +46% to a decrease of —-59%. Revenues are also
strongly negative for all agricultural holdings under all proposed variants. This trend
also applies to the variable costs of all variants, as they are significantly lower than the
existing ones (down to —93%). This is understandable since extensive use of marsh
meadows results only in costs for grass cutting and transport. It is also interesting that
the gross margins of all agricultural holdings in V1 and V2, except for one, are below
negative. This means that the existing land use turns out to be more economically
profitable. In V3, five farms have a gross margin higher under proposed alternative
habitats. Higher gross margins resulting from the V3 envisage approximately 11 ha of
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Farm ID Alternative water retention habitat (% change from existing land use)

Variant 1 Variant 2 Variant 3

VP SP R VC GM VP SP R VC GM VP SP R VC GM

New agri. —26 214 38 8 63 —24 210 38 8 64 —19 208 42 15 64
Land

1 -75 -15 —61 —81 -7 -75 —-15 —61 —81 -7 —42 21 -27 -50 36
2 ~70 43 37 -27 —41 -70 43 37 27 -41 71 43 -37 -27 -42
3 -5 37 -29 -17 -34 -56 37 -29 -17 -34 -5 37 -29 -17 -34
4 —69 46 —35 —25 —40 —69 46 —35 —25 —40 —69 46 —35 —25 —40
5 74 —13 —60 —80 -4 74 —13 —60 —80 —4 -—24 41 -9 -34 59
6 -83 2 63 -8 -19 -8 2 -63 —-81 -19 -8 2 —63 -81 -19
7 —54 11 35 —24 —40 -54 11 35 —24 —40 —54 11 35 —24 —40
8 -85 1 65 -8 -16 -8 1 -—65 —-83 -16 -8 1 —65 —83 -16
9 -94 -59 -86 -93 —65 —94 -59 -8 -93 —65 —94 —59 —86 -93 —65
10 -73 -12 -59 -80 -3 -73 —12 -59 —80 -3 —40 26 —25 —49 41
1 -43 " 46 -1 97 -38 58 7 14 -21 81 37 131
12 71 42 37 -28 42 71 42 37 -28 —42 -71 42 37 27 42
13 —76 —20 —63 -8 -12 -76 -20 —63 -8 -12 -76 -20 —63 -8 -12
14 -85 -2 —66 —83 —18 —85 -1 —65 —83 —17 —85 -1 —65 —83 —17
15 -77 -6 —-60 —81 -6 -77 -6 —60 -81 -6 —63 6 —47 —68 10
16 —70 43 37 27 —41 -70 43 37 27 —41 -71 42 -37 27 -4
17 —71 39 -39 -29 —43 —71 39 -39 -29 43 -71 39 -39 -29 -43
18 -85 -4 66 —83 -21 -8 -5 64 -8 -15 -8 1 -62 -81 -11
19 -87 —26 -72 —87 -34 —83 —27 -70 -85 -28 —83 —27 —-70 -85 -28
Avg. 71 47 -43 —69 5 —69 47 —-41 -68 8 —61 55 -34 —60 15

*no subsidy payments in existing use/increase in revenue due to subsidy payments.
VP —Value of the Produce; SP: Subsidy Payments; R: Revenue; VC: Variable Costs; GM: Gross Margin; Avg.: average for
the study area.

Table 7.
Calculation of the change in economic vesult (%) for agricultural holdings due to the establishment of alternative
water vetention habitats in the study area.

organically managed fields, with higher subsidy payments, a better selling price, and
thus higher revenues.

It is important to note that 38 ha of study areas are not included in the system of
subsidy payments due to their existing land use (uncultivated, overgrown). However,
it represents a great potential for obtaining subsidy payments according to their
existing and planned alternative use, thus having a considerable impact on the final
economic calculation of the study area’s gross margin (Table 7). Establishing alterna-
tive water retention habitats envisages 70% of wet marsh meadows, which are cur-
rently largely overgrown. In the entire study area, 49% of the land is currently in use
as arable land or marsh meadow, which means that 21% of the study area needs to be
cleared of overgrowth. This new agricultural land will be ready for extensive
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Figure 4.
Average revenue (value of the produce + subsidy payments) from agricultural land for the existing situation and
variants of the alternative water retention habitats by individual spatial plan units in the study avea.

management of marsh meadows after establishing alternative habitats and will thus be
entitled to subsidy payments.

3.3 The impact of the alternative habitats on agriculture holdings

The planned alternative habitats will also affect individual agricultural holdings by
reducing available land for production due to the establishment of permanent surface
water bodies for floodwaters (depressions). In this way, some farms will be deprived
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Figure 5.
Average variable costs from agricultural land for the existing situation and variants of the alternative water
retention habitats by individual spatial plan units in the study area.

of practically all the agricultural land they cultivate in the area, while others will no
longer be economically justifiable to cultivate the land. Such sharp interventions in the
production scale can significantly impact the individual agricultural holding socioeco-
nomic situation. Furthermore, less fodder production also leads to a reduction in
livestock production.

Variants V1 and V2 with floodwater depressions are the same in terms of their
impact on agricultural holdings, as they envisage the permanent occupation of 8.9 ha
of agricultural land of which 5.6 ha are arable land, 2.3 ha are plantations of forest
trees, and 1 ha of overgrown land. Thus, the total decrease of gross margin for V1 and
V2 due to floodwater depressions is 2452 EUR annually without considering any of the
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Figure 6.
Average gross margin (revenue—Variable costs) from agricultural land for the existing situation and variants of
the alternative water vetention habitats by individual spatial plan units in the study area.

AEM payments for arable lands. On the other hand, the V3 also envisages the perma-
nent occupation of 8.9 ha of agricultural land, of which 3.4 ha is arable land, 2.3 ha is
plantations of forest trees, and 2.7 ha is overgrown land. Thus, the decrease of gross
margin for V3 would be lower - 1619 EUR annually without considering possible AEM
payments for arable lands.

Seven farms will be affected to a certain degree by permanent land loss due to
floodwater depressions. According to variants V1 and V2, the most affected agricul-
tural holding No. 18 would permanently lose 2.24 ha of arable land, while according to
variant V3, the loss would be minimal with only 0,09 ha of arable land. Agricultural
holdings No. 9 and 19 that cultivate arable land would permanently lose 1.56 and
1.36 ha of fields, respectively, according to all three variants of the alternative
habitats. The agricultural holding No. 11, which is engaged in producing wood on
plantations of forest trees, would lose 2.24 ha of land according to all three variants.
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In order to avoid the permanent destruction of the soil profile and potential for
agricultural production, we suggest that the placement of permanent measures
destroying agricultural soils (e.g., floodwater depressions, sedimentation basin)
should avoid agricultural areas under cultivation with high production potential.
Furthermore, given the extensiveness of areas intended for alternative habitats, they
should be constructed in areas of overgrowth or forests.

4, Conclusions

This research is unique because it analyses the economic effects of establishing
alternative water retention habitats in the area of existing conventional crop produc-
tion on agricultural holdings. In doing so, it examines the effects on the value of the
crop produce, revenue, variable costs and gross margins of agricultural holdings, and
the effects of three variants of new land use distribution within the framework of
alternative habitat establishment.

The economic calculation for alternative habitats includes subsidy payments for
organic agriculture, which would make the most sense to apply for in an area with
extensive use. However, the question is whether it is even possible to integrate these
areas into organic agriculture from the point of view of the nutrient cycle since the
planned management measures do not allow fertilization and grazing only on a
small scale. Therefore, if we wanted to meet organic agriculture requirements, we
would need 0.2 livestock units (LU) per hectare for the lowest payment for organic
grasslands and 0.5 LU per ha for a higher payment on arable land. In the study area,
where 172 ha of extensive wetland meadows are planned, this means either 35 or
86 LU, equal to the same number of cows (older than 2 years) and 233 or 573 sheep
(older than 1 year), respectively. In case it would not be possible to apply for
organic farming payments farming in the study area would be practically
unprofitable.

The classification species Eurasian woodcock (Scolopax rusticola) in the study area
requires special living conditions (grassland with soft wet soils and riparian vegetation
on the edge of meadows). Due to that, the management regime of the planned
alternative habitats (grass cutting at different dates) prevents the enforcement of
AEM scheme subsidy payments from the Rural Development Programme for mea-
sures BH (butterfly grassland habitats) and STE (grassland cut in late summer), which
further reduces the gross margin of alternative habitats variants. Furthermore,
according to the spatial databases, the study area is preferentially protected for but-
terfly grassland habitats (BH) and grassland cut in late summer (STE) and not for the
conservation of bird habitats of extensive wet grasslands (VTR) in Natura 2000 areas.
In this case, the management defined in the Municipal Spatial Plan for the alternative
habitats in the study area and the official State databases for protecting species do not
match. Therefore, there are two options to preserve agriculture in this area: (i) a
change in management measures in the Spatial Plan or (ii) designation of this area as a
habitat for birds of extensive wet grasslands under Natura 2000.

It is expected that after establishing alternative habitats, most agricultural holdings
renting or leasing agricultural land will cancel contracts with land owners. At the same
time, we would like to point out that agricultural holdings farming agricultural land
leased by the State Agricultural Land and Forest Fund (Fund) have the right to farm
till the end of the lease contract, usually 10 years. However, Fund has the right to
change the contract at any time.
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When establishing alternative habitats, care must be taken that land use or man-
agement conditions do not affect the agriculture holdings contract with the state for
the implementation of the AEM (organic farming, butterfly grassland habitats grass-
land cut in late summer, bird habitats of extensive wet grassland, and greening),
which usually expires after 5 years. If the land use or land management changes or the
lease contract is to be terminated earlier, it is necessary to provide the farmer with
replacement land, where it is possible to implement the AEM for which the contract
was signed. Otherwise, the reduction of the land area included in the AEM scheme
could constitute a breach of the contract, and the agricultural holding would be
sanctioned with a reduction of subsidy payments by a certain percentage.

Considering the planned management measures of alternative habitats envisaged
in the study area, it can be argued that there are no development opportunities for
conventional, integrated, or organic farming. The existence of any agricultural activ-
ity after the establishment of habitats in the area will depend entirely on subsidy
payments. Due to the management requirements, subsidy payments would be signif-
icantly reduced by excluding AEM payment due to the different goals pursued in the
study area by the Ministries responsible for agriculture and environment (butterfly
habitats, meadow habitats) and Municipal Spatial Plan of the Municipality of Lju-
bljana (habitats for birds of wet meadows).

The only future development opportunity for agricultural holdings in the study
area is providing ecosystem services for grass-cutting marsh meadows. Depending on
the size of the study area and the number of cuts, it would be sufficient if one or two
farms would provide their services. However, with such a management regime, it will
be necessary to find additional funds to pay for the service.

Compared to the existing use, the arrangement of alternative water retention
habitats with wet marsh meadows pursues an entirely different goal: the establish-
ment of a habitat for classification species, especially the Eurasian woodcock (8.
rusticola), which needs specific conditions for its survival. Furthermore, a nature
protection goal differs from an agricultural one, which follows the provision of agri-
cultural land for the economically justifiable performance of the agricultural activity
and the provision of food and jobs. Thus, most of the development possibilities are in
the local, green, organic, hiking, cycling, and photo tourism, which is not the primary
domain of agriculture but offers new development opportunities in the diversification
of activities on the agricultural holdings.
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Managing Prior Converted Hydric
Soils to Support Agriculture
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Abstract

Hydric soils and prior converted soils are frequently used for agricultural
production. Agriculture production and their associated agribusinesses are the chief
economic sector; thus, agriculture is critical for rural prosperity. However, the con-
tinuous production of grain crops increases the risk of disease and insect outbreaks,
which may lead to soil nutrient exhaustion or substantial usage of annual fertilizer
amendments, loss of soil carbon, and soil structure degradation attributed primarily
to tillage, decrease in biodiversity, and increased soil compaction. At the David M.
Barton Agriculture Research Center at Southeast Missouri State University, our focus
has been to support profitable agriculture production and environmental steward-
ship. We have developed a decade-long research program specializing in subsurface
controlled irrigation with the gradual development of edge-of-field technologies. We
further developed a constructed wetland to address nutrient pollution concerns with
confined feeding operations. Pastures associated with the confined feed facility and
the constructed wetland have initiated a soil health program. Our evolution has now
permitted the David M. Barton Agriculture Research Center to become a regional
center to showcase the relationships that support both profitable agriculture and
environmental stewardship.

Keywords: prior converted wetlands, subsurface drainage, denitrification bioreactors,
constructed wetlands, soil health
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1. Introduction

Knowledge of water and nutrient flux in wetlands is integral to land management
across southeastern Missouri. The region has the largest completed land drainage
project in the USA [1]. The Little River Drainage Project converted 1.6 million ha (4
million acres) of marshlands into productive croplands. The economic development
of the region is primarily vested in agriculture; however, the realization that the
restoration of ecosystem services is important for water quality, soil health, nutrient
management, habitat preservation, and advancing biological diversity is emerging.
This vast region currently produces corn (Zea mays), soybeans (Glycine max), wheat
(Triticum aestivum), rice (Oryza sativa), cotton (Gossypium hirsutum), and specialty
crops. Livestock includes beef (Bos taurus), swine (Sus domesticus), sheep (Ovis aries),
and chicken (Gallus gallus domesticus).

Nitrogen migration from croplands supports eutrophication of freshwater
resources and results in hypoxia across the Louisiana and Texas continental shelf
[2, 3]. Additionally, the United States Environmental Protection Agency established
10 mg NO;-N L™ as the nitrate drinking water standard; however, 1.5 mg NO;-N L™
may support eutrophication [2]. A significant portion of the Mississippi River nitrate
discharge into the Gulf of Mexico is derived from 15 million ha of artificial drainage
within the Mississippi River watershed [1, 2]. Aide et al. [3] demonstrated that the
nitrate concentrations from tile drainage effluents were a function of rainfall after
nitrogen fertilization involving corn. Soil analysis demonstrated that nitrate was
effectively leached to the tile-drainage technology.

The objective of this article is to demonstrate how to develop and install
infrastructure that supports both production agriculture and environmental
stewardship.

2. Research to limit Nitrogen transport from tile-drained agricultural
lands

Tile drainage is common across the US corn belt, providing removal of excess
water. Much of the drainage is uncontrolled, implying that the producer may not
have the capacity to limit the tile drainage. Advantages of tile drainage include: (i)
creating soil aeration permitting optimal root and seed respiration; (ii) promot-
ing soil warming, especially in the spring; (iii) timely field operations; and (iv)
minimizing nitrogen loss because of denitrification. A key disadvantage of tile
drainage is the leaching losses of nitrate and sulfate, which require additional
fertilization and threaten water quality [4-7]. Faust et al. [7] evaluated manage-
ment practices used in drainage ditches to reduce (i) total suspended solids and
(ii) nitrogen and phosphorus concentrations, especially for moderate rainfall
intensities.

Agronomic approaches to limiting nitrogen losses from tile-drainage fields
include: (i) appropriate the timing and rates of nitrogen fertilizers, (ii) anticipate the
nitrogen supply arising from mineralization, (iii) establish appropriate yield goals,
(iv) utilize urease and nitrification inhibitors, (v) monitor crop nutrient status,

(vi) employ diverse crop rotations and implement cover crops, (vii) manage plant
residues, (viii) utilize precision fertilization practices, and (ix) install riparian buffers
and other edge-of-field technologies [8].
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2.1 Edge-of-field technologies to limit Nitrate degradation of water resources

Aide etal. [2, 3, 8] discussed the installation and evaluation of edge-of-field tech-
nologies primarily engineered to eliminate nutrient transport from croplands. Aide
etal. [3] demonstrated that a denitrification bioreactor effectively reduced nitrate-N
concentrations from 69 mg NO;-N L™ to 21 mg NO;-N L' from May through June
(2015). For the 2018 corn harvest, Aide et al. [4] reported that the mean tile-drainage
nitrate concentration ranged from 1.5 to 109 mg NO;-N L', The influent drainage into
the denitrification bioreactor ranged from 0.4 to 103 mg NO5-N L', whereas the out-
let drainage from the denitrification bioreactor ranged from 0.3 to 5.2 NO;-N L™, The
smaller tile-drainage nitrate concentrations in 2019 were approximately 1.6 to 4.5 mg
NO;-N L™ because of soybean cultivation and the lack of nitrogen fertilization. Data
for subsequent years corroborates the presented findings.

2.2 Constructed wetlands to capture nutrient-laden overland flow

Constructed wetlands are engineered soil infrastructures designed to capture
overland flow and subsequently facilitate soil-vegetation pathways to convert
water-bearing nutrients into plant materials. Constructed wetlands enhance
ecosystems by enhancing hydrological, biological, geochemical, and pedogenic
processes that improve water quality and other ecosystem services. Perceived
advantages of constructed wetlands include: (i) on-site nitrogen and phosphorus
conversions into plant materials, (ii) reduced biological and chemical oxygen
demands, (iii) odor reduction, (iv) wildlife habitat, (v) esthetics, and (vi) poten-
tial economic benefits [9-16].

2.3 Cover crops

Cover crops are used primarily to (i) constrain wind and water erosion, (ii)
enhance available water capacity, (iii) suppress weeds and reduce herbicide usage,
(iv) become compatible with an integrative pest management system to limit the
incidence of specific insect and pathogens, (v) augment soil porosity and maintain
appropriate soil bulk densities, (vi) convert soil nitrate and phosphate to plant-based
organic nitrogen and phosphate to reduce off-site nutrient migration, and (vii)
increase soil organic matter contents. The choice of plant speciation of the cover crop
annually is governed by crop rotation, soil nutrient concentrations, and economics
concerning seed purchase. Wheat (T aestivum) and rye (Secale cereale) are popular
cover crop choices, frequently interseeded with forage legumes.

2.4 Soil health and pasture management

Proper rotational grazing is integral to maintaining a vibrant forage program.
However, for most producers, forage production detractions occur because of
weather, forage species competitiveness, weed and disease management, soil
fertility programs, the intensity and oversight of the rotational grazing program,
and other factors. The United Sates Department of Agriculture—Natural Resources
and Conservation Service defines soil health as follows: “Soil health is defined as
the continued capacity of soil to function as a vital living ecosystem that sustains
plants, animals, and humans” [17]. Soil health provides five key services: (i)
regulating water, (ii) sustaining plant and animal life, (iii) filtering and buffering
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potential pollutants, (iv) cycling nutrients, and (v) providing physical stability and
support. Landowner management may support soil health by (i) maximizing the
presence of living roots, (ii) minimizing the disturbance because of tillage

and animal traffic, (iii) maximizing soil cover with living plant material, and

(iv) maximizing biodiversity [17].

Soil quality is assessed individually for each soil and is documented and measured
using indicators [18-26]. The relevant indicators in pastures that we employ to
document soil health improvements include: (i) physical attributes (rooting depth,
bulk density, and infiltrate capacity), (ii) chemical attributes (total organic carbon,
total organic nitrogen, labile (active) carbon, and pH), and (iii) biological attributes
(microbial carbon biomass, microbial nitrogen biomass, potential N mineralization,
phospholipid fatty acids, and soil respiration).

3. Existing infrastructure at the David M. Barton agriculture research
center to support profitable production agriculture and environmental
sustainability

Southeast Missouri State University is a regional comprehensive public university
that provides student-centered education and experiential learning experiences
across the curriculum. The David M. Barton Agriculture Research Center, located at
Cape Girardeau County (Missouri, USA), is an experiential learning facility for the
Department of Agriculture at Southeast Missouri State University. Figure 1 illustrates
the spatial distribution of the environmental technologies and the material transport
pathways.

Confined Feed Facility

Drainage Water

Winter Sacrifice Pasture .
Capture Basin

Constructed Wetland

+———| Crop Science Unit With Controlled Drainage

Denitrification
Bioreactor

Riparian Buffer

Figure 1.
Mayp of the infrastructure layout.
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3.1 Study area climate

The mean annual temperature is approximately 13°C (56°F), and the mean annual
precipitation is approximately 1.12 mm (44 inches) [27]. The mean monthly tem-
perature for January is 3°C, and the mean monthly temperature for July is 25°C. Peak
temperatures typically occur in July, with some days having a maximum near 40°C
(104°F). Rainfall is typically greater from March to May; however, Gulf of Mexico
weather events may provide heavy rain events from June to October. The mean
October rainfall is 7 cm, whereas the mean May rainfall is 13 cm. The growing season
is approximately 210 days [27].

3.2 The soil resource

The Wilbur series (coarse silty, mixed, superactive, mesic Fluvaquentic
Eutrudepts) is the dominant soil series in the Crop Science Unit (Bottomlands). The
pedons are very deep, moderately well-drained, permeable soils formed in silt loam
alluvium that display an Ap—Bw-Cg horizon sequence. Saturated hydraulic con-
ductivity is 4.2 to 14.1 micrometer sec”!, and the permeability is moderate. The soil
pH ranges from slightly acidic to neutral in the ochric epipedon and strongly acidic
(pH 5.1t0 5.5) and very strongly acidic (pH 4.5 to 5.0) in the cambic and deeper soil
horizons, respectively.

Upland landscapes contain soils formed in thick loess and exhibit 2 to 6 percent
slopes. The Menfro series (fine silty, mixed, superactive, mesic Typic Hapludalfs)
consists of very deep, well-drained, moderately permeable soils exhibiting A-E—-
BE-Bt horizon sequences. The Winfield series (fine silty, mixed, superactive, mesic
Oxyaquic Hapludalfs) consists of very deep, moderately well-drained soils exhibiting
A-E-BE-Bt-Btg horizon sequences. Both soil series have argillic horizons, exhibiting
moderately acidic to strongly acidic pH levels.

3.3 Crop science infrastructure overview

The David M. Barton Agriculture Research Center has a 40 ha (100 acre) crop
science unit featuring a controlled subsurface drainage and irrigation technology. The
subsurface controlled drainage system design involves parallel tiles having 10-meter
spacing. Irrigation and drainage are monitored and regulated by using stop-log boxes
fitted with adjustable baffles to permit irrigation/drainage water to be added/removed
by gravity flow. Submersible pumps support the irrigation.

A 12 x 10* meter’ (3.3 x 10° gallon) tile-drainage water capture basin was con-
structed to store excess tile-drainage water collected during the off-season to be
reapplied as subsurface irrigation water during the cropping season, thus reapplying
nitrogen to support plant growth and development.

A denitrification bioreactor is connected to the controlled-subsurface irrigation
and drainage technology to receive drainage effluent. The denitrification bioreac-
tor was designed and installed to transform nitrate to inert nitrogen gas (N), nitric
oxide (NO), or nitrous oxide (N,0). The relative speciation of nitrate-N into the three
nitrogen gaseous species is pH dependent. Notably, in spring and summer rainfall
events, the denitrification bioreactor consistently receives tile-drainage influents hav-
ing nitrate-N concentrations between 20 and 40 mg NO;-N L' and having effluent
discharges from 3 to 10 mg NO;-N L™ [2, 3].
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A riparian buffer is an edge-of-field technology designed to limit nutrient-laden
runoff from entering freshwater resources. The riparian buffer is designed as
22.9 meters (75 ft) of trees and understory, with 7.6 meters (25 ft) of warm-season
grasses. The riparian buffer is along an order III stream, and all trees, shrubs, and
grasses/forbs are native. Collectively, the riparian buffer and the denitrification
bioreactors are designed to limit nutrient migration from the crop production area to
freshwater resources.

3.4 Animal science infrastructure overview

The animal science unit primarily focuses on cow-calf production with dedicated
infrastructures including: (i) a pavilion for animal care and breeding, (ii) a semi-
confined feed facility, and (iii) a confined feed facility. A grazing paddock system
consists of 56 ha (140 acres) primarily having cool-season hay/pastures (tall fescue
or Schedonorus arundinaceus) and warm-season grass pastures (bermudagrass or
Cynodon spp). Water is provided through underground conduit that is fitted with
freeze-preventive hydrants.

4. Research involving agriculture production and environmental
Stewardship

4.1 Crop production

The Crop Science Unit maintains a corn (Z. mays) and soybean (G. max) rota-
tion. Research involving the corn-soybean rotation is conducted annually to better
estimate the influence of agronomic practices on the concentrations of tile drainage
nitrate. Research involving nitrate tile drain concentration variations were attributed
to: (i) nitrogen fertilization timing and rates; (ii) nutrient uptake patterns over crop
growth stages, harvest removal, and residue return; and (iii) crop yields and their
contribution to farm profitability.

For the 2022 harvest season, soybean yields were spatially variable but averaged
from 4036 kg ha™' (60 bushels acre ') when planted after wheat and 4372 kg ha™ (65
bushels acre™) for full season (planted after cover crop). For the 2021 and 2022 grow-
ing seasons, we estimated harvest loss and residue return for nitrogen, phosphorus,
potassium, sulfur, magnesium, and calcium (Table1).

The data simply illustrates quantitative assessment of nutrient cycle compo-
nents that are integral to assessing land management influences. Note that harvest
removal and residue return concentrations influence soil fertility, the potential
for nutrient leaching and water quality, soil microbial activity, and wildlife
habitat.

Nitrogen Phosphorus Potassium Sulfur
Harvest removal 225 25 73 14
Residue return 40 7 17 5

Table 1.
Harvest removal and residue veturn (kg ha™) for key nutrients for 2021 soybean.
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4.2 Manure nutrient capture zones and a constructed wetland to inhibit Nitrogen
and Phosphorus flux

In 2022, we installed a land-graded constructed wetland to provide discrete zones
having different water saturation intensities and durations. Nutrient bearing inflow
into the constructed wetland occurs from the winter sacrifice pasture. Water overland
flow is channeled by a terrace system. In spring 2023 we will seed native aquatic plants
to document which plant species are most suited to the constructed wetland and its
difference water saturation zones.

The research objectives for the constructed wetland must be visioned with the
manure-laden winter sacrifice pasture and the associated confined feed facility. Our
objectives are: (i) to evaluate a constructed wetland to reduce nitrogen and phos-
phorus transport and impact to freshwater resources, (ii) to assess the aquatic plant
composition for augmenting ecosystem services and compatibility across different
water saturation regimes, and (iii) to determine if selected aquatic plants may be
harvested for resale. Associated with the constructed wetland is a series of grazing
pastures. Our soil health program is designed to merge the benefits of soil health with
advanced grazing practices [28].

4.3 Connectivity of environmental Stewardship and farm profitability to support
producer acceptance

Wetlands provide benefits, including: (i) critical habitat and breeding grounds,
(ii) feeding and resting grounds for migratory birds and habitat corridors, (iii) recre-
ational and esthetic benefits, (iv) reduction of erosion and flooding, (v) moderation
of groundwater levels and base flow, (vi) assimilation of nutrients, and (vii) protec-
tion of drinking water sources [29]. Expertly managed upland pastures also provide
benefits, including: (i) forage for livestock, (ii) supporting rainfall infiltration and

Controlled Subsurface Drainage
{Irrigation
Denitrificatiopn Bicreactor
Constructed Wetland
Livestock 1
Corn-Soybean Farm Profitability
Cover Crops ; : Livestock
Conservation- || Production Agriculture |, Grain Crop
Tillage
Irrigation I
Management T X0
OW- pteration . . .
Improved Hay and Pastures Environmental Sustainability
Rotational Grazing Improved Soil Health
Confined Feed Facility Preservation of Water Resources
Reduced Soil Erosion
Figure 2.

llustration for modeling information flow.
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reducing overland flow to nearby streams, (iii) with vigorous vegetation growth
encouraging nutrient cycling, (iv) reducing the quantity of fertilizer amendments,
(v) distributing manure across a greater area, (vi) increasing carbon sequestration
levels, and (vii) augmenting farm profitability.

Our outreach goal is to provide meaningful and informative learning activities to
a diverse audience, wherein we concentrate on farm profitability and environmental
sustainability. The outreach programing focuses on aligning agricultural production
with viable and environmental-based cultural practices and incorporating applicable
soil engineering structures (Figure 2). The topics that the faculty address to the
agricultural community include: (i) controlled subsurface drainage/irrigation, (ii)
edge-of-field technologies, (iii) modern pasture management, (iv) soil health, and
(v) agronomic practices to augment economic and sustainable crop yields. Audiences
include a single producer to producer workshops, agriculture educators and their
students, and state and federal personnel. Social media is being developed for more
distant interested individuals.

5. Conclusion

The purpose of this article is to demonstrate how to develop and install infrastruc-
ture that supports both production agriculture and environmental stewardship. At
the David M. Barton Agriculture Research Center, the infrastructure development
and installation include: (i) a controlled subsurface drainage and irrigation technol-
ogy, (ii) a denitrification bioreactor to limit tile-drainage nitrate concentrations,

(iii) riparian corridors, (iv) a drainage water capture basin to reuse drainage water
for irrigation, and (v) a constructed wetland and a confined beef feeding facility.
Collectively, these infrastructures permit the teaching and outreach capabilities to
link production agriculture and environmental stewardship.
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Chapter 6

Monitoring the Properties of an
Abandoned Depleted Peat Bog to
Determine the Prospects for Use

Anisimova Tatiana Yuryevna

Abstract

Peatlands after drainage can be effectively used as highly productive agricultural
grasslands. The preservation of the fertility of peat soils depends on the nature of
their use in agricultural production. Irrational and illogical use of peat bogs leads to
loss of organic matter and nitrogen and reduction of their reserves. Currently, these
deposits are often in the form of abandoned and overgrown forests. The appear-
ance of disturbed landscapes leads to negative changes in vegetation and soil cover,
water and temperature balance of the area, composition of soil, waste water and
development of water, and wind erosion. The results of monitoring changes in some
soil properties of a peat bog over a 20-year period are presented. The results of the
geobotanical survey of the peat massif, which was conducted for the first time, are
presented. The influence of the action of biotic and abiotic factors on the change of
agrochemical characteristics of anthropogenic-transformed peat soil is determined.
Depending on the degree of development, it can be used for forage land (cultivation
of perennial grasses), on plots (maps) with sufficient reserves of lowland peat for
these purposes after clearing channels and diverting excess water, except for the
cultivation of perennial grasses; peat extraction for the production of organic fertil-
izers (compost) is possible.

Keywords: peatland, monitoring, soil, depleted peat bog, vegetation type

1. Introduction

A peat bog is a complex ecosystem, the main components of which are water,
vegetation, and peat. Experts consider the swamp as a group of interconnected
biogeocenoses characterized by abundant moisture, specific moisture-loving vegeta-
tion, and peat formation [1]. The living conditions of plants here are different from
the conditions of forests and meadows. Swamps are characterized by constant or
periodic abundant moisture, insufficient aeration, poor nitrogen-mineral nutrition,
and constant growth of peat substrate.

There are peat bogs and bogs in almost all natural areas. Grass bogs, for example,
are found in all zones of the European part of Russia—from tundra to semi-deserts.
Polygonal and bumpy swamps are common in the tundra, upper sphagnum
swamps—in the coniferous forest (taiga) zone. The nature of the distribution of bogs,
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their size, configuration, species composition and structure of vegetation cover, the
thickness, and structure of peat deposits are mainly due to climate and geomorpho-
logical conditions [1, 2].

The largest areas of peat bogs in the European part of Russia are concentrated in
the north and northwest of the coniferous forest (taiga) zone. The dominant posi-
tion is occupied by convex oligotrophic peatlands, for the development of which the
most favorable conditions have been developed here: significant predominance of
precipitation over evaporation, rather high relative humidity, proximity to the surface
of groundwater and the lack of mineral nutrition in their elements; and flatness
of the territory as well as a long history of the development of surface formations.
This zone is characterized by intensive peat accumulation and makes up the bulk of
Russia’s peat reserves [2].

Swamps are also important for maintaining the water level in adjacent bioceno-
ses. Complete drainage of the swamp can ruin the nearby area. If the sea is close,
seawater will invade the groundwater used as drinking water in cities located on
the coast. Many small rivers, streams, and tributaries of large rivers originate in
the upper marshes, and if the marshes are drained, the rivers will lose their sources
feeding them. Even when swamps do not share water with rivers, they slow down
the surface runoff of water falling to the ground in the form of precipitation, and
this is very important, since water should flow down the ground as slowly as possible
to prevent erosion. After the campaign to drain the swamps, which was carried out
in the past century in the Soviet Union, peat bogs begin to burn every hot summer
in the Central Federal District. The main reason for this was the violation of fragile
hydrological cycles [3].

In recent years, the marshes have become the object of close attention of scientists.
This is not surprising because swamps are not only unique ecological systems but also
valuable mineral deposits. The development of swamps is very rapid. The discovery
of the richest deposits of oil and gas in the wetlands of Siberia and the Far North, the
development of peat, as well as the increase in the area of arable land, all this requires
the drainage of swamps. At the same time, there is a threat of their complete destruc-
tion. But as a natural landscape, swamps are an integral part of the biosphere. As
noted above, they play a major role in the hydrological balance of a number of locali-
ties. At the same time, many aspects of the functioning of swamp ecosystems remain
unknown until now. Therefore, swamps as a type of plant community require not only
comprehensive protection but also fundamental research. Such studies are especially
relevant in Russia because in terms of the total area of wetlands, our country ranks
first in the world [4].

The peat deposit with its ecologically useful resources is of interest for agricul-
tural production. A peat bog after drainage (reclamation) can be effectively used
as a highly productive agricultural land. Peat soils of lowland and transitional bogs
surpass chernozems in terms of potential nutrient reserves in a meter layer and, with
rational use, are much more productive than sod-podzolic and gray forest soils. As the
research results have shown, the highest payback of fertilizers and low cost of high-
quality products are achieved on cultivated peat bogs (Ynauos).

The peat soils of fens and transitional mires on the potential reserves of nutrients
in the m layer are superior to the black soil and the rational use of much more pro-
ductive sod-podzolic and gray forest soils. Abandoned drained peatlands represent
an environmental hazard in connection with a high likelihood of fires, the cause of
which is mainly the failure to comply with fire safety in the temporary dry grass,
kindling fires, etc. [5, 6].
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Drained and abandoned peat bogs pose an environmental hazard due to the
occurrence of peat fires, the cause of which is mainly non-compliance with fire
safety when burning dry grass, kindling fires, etc. The long-term preservation of the
fertility of peat bogs depends on the nature of their use. With incorrect methods of
use, rapid mineralization of organic matter occurs, which leads to a reduction in its
reserves. Mineralization of organic matter leads to unproductive loss of mobile forms
of nitrogen compounds [7 8].

Shallow-lying and shallow-contoured peat bogs (up to 10 hectares) should be
allocated for cultural hayfields and pastures. When developing methods of intensi-
fication of agriculture on peat soils at different stages of anthropogenic evolution,
an objective assessment of the state of properties and the forecast of their possible
changes over time under the influence of anthropogenic and abiotic factors is of
utmost importance. The introduction of agricultural land plots with small-contour
peat deposits into circulation is of practical interest for land users, which is associated
with the fact that these soils are potentially highly fertile and can be successfully used
for growing fodder crops. But at the same time, such peat deposits have a feature that
is associated both with the specifics of the use of peat soils and with their periodic
water logging, since they are mainly located at the edge of the forest and at the edge of
fields with mineral soils [9-11].

There are 9260 small-scale (up to 10 ha) peat deposits on the territory of the
Russian Federation, which occupy an area of 108.6 thousand hectares in the zero
boundary of the deposit [12]. The largest number of shallow-lying and shallow-con-
toured peat bogs is located in the North-Western, Central, and Volga Federal Districts.
So, in the Central Federal District, out of 7287 explored deposits, 2390 are small scale
and 1298 are small scale and protected, that is, almost half. On the territory of the
Vladimir region, where these studies were conducted, out of 723 peat deposits, 421
are deposits with an area of 1 to 10 hectares, where proven peat reserves in the sum
of categories A + B + C1 and C2 (144 deposits) and forecast resources in category
P1 (277 deposits) amount to 4277 thousand tons. Small-contour peatlands are often
located on the edges of fields with mineral soils and adjacent to forests; their use in
agricultural production has its own characteristics and is associated with the char-
acteristics of peat soils. Currently, such deposits are abandoned and overgrown with
forests. The degradation of landscapes entails a deterioration in the quality of vegeta-
tion and soil cover, water and temperature balance of the peat reserve territory, and
soil composition, which provokes the development of water and wind erosion. At the
same time, there is a transformation of the forest-meadow agricultural landscape with
the dominance of meadow plant species into post-swamp forest-shrub-grass-sedge
landscapes with significant participation of secondary forest phytocenoses [10]. In
addition to negative changes in vegetation cover and water and temperature balance
of the territory, soil degradation develops. With illiterate and irrational exploitation
of the peat bog, rapid mineralization of organic matter occurs, which leads to a reduc-
tion in its reserves and unproductive loss of nutrients.

Soil physical, chemical, and biological properties collectively determine the qual-
ity of the soil. The biological properties of the soil are characterized by the presence
in them not only of various microorganisms but also of the processes of plant growth.
Dying plants and their parts, deposited in the soil, are enriched with nutrients in
forms resistant to leaching. The root system of plants moves minerals from the lower
layers to the upper ones. The biological process is, thus, a factor in the concentration
of nutrients in the soil. Both mineral salts and synthesized organic substances con-
taining a lot of nitrogen are concentrated in the upper layer [7, 8].
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Agrochemical surveys are carried out in order to obtain information about the
content of plant nutrition elements in the soil and as a consequence of the level of
its fertility. Agrochemical examination allows more rational use of fertilizers and
to minimize their negative impact on the environment. As a result, agrochemical
cartograms of the content of elements, agrochemical essays, and application maps of
fertilizer application are created. We determine the basic properties of the soil, which
in one way or another can affect the growth and development of plants. One of the
most important indicators determined by agrochemical analysis is the reaction of
the soil solution (pH), the content of mobile phosphorus and potassium required by
plants [7, 8].

The importance of different plants in soil formation is not the same. Under the
forest, if there are no herbaceous plants, organic substances do not accumulate. Due
to the constant presence of fulvic acid here, salts are washed out of the upper layer,
and the soil formed on the carbonate rock acquires an acid reaction (podzol forma-
tion process). Under herbaceous plants, due to their gradual death, organic residues
are formed, which accumulate mainly in the thickness of the soil. The reaction of the
soil solution here is more often neutral or close to neutral. Against this background,
bacteria settle. Under the action of bacteria, the organic remains of plants turn into
humus (humus), which gradually accumulates in the soil and improves it (the sod
process) [7, 10].

The purpose of our study is to monitor changes and the state of agrochemical and
other characteristics of anthropogenically transformed peat soils, depending on the
directions of use of the developed peat bog to obtain data used to develop the most
promising and rational ways of using the peat bog.

2. Monitoring the properties of an abandoned depleted peat bog
2.1 Materials and methods

The research was carried out at the Baigush peat deposit, located 1.5 km north-
east of the village Baigushi (Sudogodsky district, Vladimir region, 56°078111 N,
40°493809E). This territory belongs to the middle peat-swamp region [2], the
geomorphological conditions of which are represented by moraine and alluvial
landscapes with the presence of pronounced traces of the last glaciation in the form
of finite moraine formations that have undergone severe erosion. In 1943, the peat
bog was assigned category C2 (assessed)—the field was intended for agricultural
use. In 1963-1965, the massif was used for peat extraction for fertilizers. Until 1963,
the thickness of the peat layer averaged 109 m ™ (maximum 140 m™) and in 1975, no
more than 40-50 m™" cm, so after 1975, the peat began to be used as hay or pasture.
According to the Geological Survey of 1977, the type of peat deposits was defined as
transitional, closer to lowland peat (A-15%, R-45%) [12]. The total area of the peat
massif was 13.8 hectares and peat reserves—30 cubic meters (or 6 thousand tons at
40% humidity). Reclamation (drainage) was carried out in 1985; the drainage basin
was a ravine.

From 1986 to 2014, the area of the peat bog was in the land use of the experimental
production facilities of the Institute; on a small area of the peat bog (I and II peat
charts), where the peat was almost completely worked and which was almost not
flooded, grain and fodder crops were cultivated. On the remaining maps, peat was
extracted for compost production; peat on maps III, IV, and V was partially worked.
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Currently, the territory of the peat bog is completely abandoned. In 1998, a soil-
agrochemical survey of the territory of the peat massif was carried out; the layout
of peat maps and conventional reference points are shown in Figure 1 and Table 1.
Monitoring of changes in some agrochemical properties of the soil on peat charts of
the Baigush peat deposit (Figure 1) was carried out 20 years after the first survey of
the peat massif. The research was carried out by the route expedition method at the
same survey points as in 1998 (Table 1).

In 2017-2018, to determine the change in the basic agrochemical properties of the
fine-contour shallow peat bog, a soil-agrochemical and field geobotanical survey of
the peat massif was carried out using the methods [13-16].

Geobotanical description, determination of agrophysical, and biological proper-
ties of the soil by survey points were carried out for the first time in 2018. A geobo-
tanical survey was carried out in biogeocenoses of 15 locations within the boundaries
of five peat charts, which consisted of determining plant species and their abundance
on the Drude scale [17]. Agrochemical parameters of the soil of the object were deter-
mined in accordance with state standards, nitrifying ability by the Kravkov method,
cellulolytic activity by the application method, density, and density of the solid phase
of the soil by the weight method.

2.2 Results and discussion

During the research, an expeditionary geobotanical survey of the peat massif was
carried out, during which 80 plant species and their abundance were determined
according to the Drude scale in biogeocenoses of 15 conditional reference points
(locations) on five peat maps. At the moment, the geolocations of the points are fixed
in the coordinate system. The vegetation cover of the surveyed territory is represented

Figure 1.
Layout of peat charts on the Baigush peat deposit: Sudogodsky district, Vladimir region, 56°078111 N, 40°493809E
(used app “Google earth”).
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V chart Chart canal Main canal
*15*1 *14 *13
IV chart Chart canal
*10 *11 *12
III chart Chart canal
*9 *8 *7
II chart Chart canal
*6 *5 *4
I chart Chart canal
*1 2 *3
Dirt road
Table 1.

Location of peat charts and survey points on the Baigush peat deposit.
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Figure 2.
Vegetation types on peat charts.

by meadow and forest phytocenoses. According to the results of the geobotanical
survey of the object, the predominant types and types of vegetation were established
(Figure 2).

On1 chart, the composition of the herbaceous tier is diverse; the total projective
cover degree (TPCD) of grasses is >70%: Veronica oakwood (Veronica vulgaris L.),
ground vane (Calamagrostis epigéjos L.), bonfire without a tail (Bromopsis inermis
L.), clovers, bluegrass, sharp sedge (Carex acuta L.), common tansy (Tonacetum
vulgare L.), fine vole (Agrostis capillaris L.), creeping wheatgrass (Elytrigia repens L.),
meadow timothy (Phlum pratense L.), common yarrow (Achillea millefolium L.), and
horsetails. Shrubby vegetation type (TPCD >20%) is represented by shaggy willow
(Salix lanata L.) and holly willow (Salix acutifolia L.) (Figure 3).
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Figure 3.
Vegetation on the I chart.

Figure 4.
Vegetation on the II chart.

On II chart, the proportion of herbaceous vegetation has decreased; the TPCD is
>60%: field grass (Cirsium arvense L.), field cornflower (Centaurea jacea L.), common
goldenrod (Solidago virgaurea L.), bonfire (B. inermis L.), clovers, bluegrass, acute
sedge (C. acuta L.), sedge, thin vole (A. capillaris L.), creeping wheatgrass (E. repens
L.), meadow timothy (Phlum pratense L.), and horsetails. The shrubby vegetation
type (TPCD ~40%) is represented by shaggy willow (S. lanata L.), holly willow (S.
acutifolia L.), and dog rose (Rosa canina L.) (Figure 4).

On the territory of III-IV charts, shrubby vegetation type prevails, (TPCD >50%):
shaggy willow (S. lanata L.), holly willow (S. acutifolia L.), and common hazel
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Figure 5.
Vegetation on the III chart.

(Corylus avellana L.). Variegated grasses (TPCD ~25%) are replenished with moisture-
loving vegetation: field grass (C. arvense L.), wood angelica (Angelica sylvestris L.),
common goldenrod (Solidago virgaurea L.), clovers, bluegrass, forest cupyr (Anthriscus
sylvestris L.), acute sedge (C. acuta L.), bubble sedge (Carex vesicaria L.), tenacious
bedstraw (Galium aparine L.), vaginal fluff (Eriophorum vaginatum L.), and horsetails.
The woody type of vegetation (TPCD ~25%) is mainly represented by rhombic alder
(Ansys rhombifolia L.) and scots pine (Pinus sylvestris L.) (Figures 5 and 6).

On the territory of V chart, the predominant vegetation type is woody (TPCD
>50%): mainly it is hanging birch (Betula pendula L.), mountain ash (Sorbus aucu-
paria L.), and common pine (P, sylvestris L.). Shrubby vegetation type (TPCD ~25%)
is represented mainly by shaggy willow (S. lanata L.) and holly willow (S. acutifolia
L.). Motley grasses (TPCD ~25%): ground weiner (Calamagrdstis epigéjos L.), blue-
grass, sharp sedge (C. acuta L.), bubble sedge (C. vesicaria L.), tenacious bedstraw
(G. aparine L.), vaginal fluff (E. vaginatum L.), horsetails, sod pike (Deschampsia
cespitosa L.), and acute sitnik (Juncus acutus L.) (Figure7).

Thus, the overgrowth of the surface of the developed peat bog with woody-
herbaceous vegetation largely depended on the capacity of the residual peat. On the
plots that were completely and heavily processed (peat thickness from 0 to 50 cm)
and retired from agricultural use in the mid-90s (point Ne 8, 9, 10, 15), a forest
with its inherent tiering was formed: the bulk of woody vegetation is hanging birch
(15-22 m), common mountain ash (2-4 m), and common pine (up to 3 m); shrubs are
mainly represented by willows; the herbaceous vegetation is described in detail above
(charts ITI-IV).

With the thickness of the residual peat layer of 70 cm or more, the growth and
development of woody vegetation occurred slowly (point Ne 4, 7, 11, 12, 13, 14). The
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Figure 6.

Figure7.
Vegetation on the V chart.
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multi-tiered nature of the forest is poorly expressed: there are single birches (up to
5—6 m), aspens (2-3 m); shrubs are represented by willows, rose hips, and raspber-
ries. Since these areas are under water until the end of spring, the herbaceous vegeta-
tion is mainly represented by moisture-loving plants: ground weinik (Calamagrdstis
epigéjos L.), swamp horsetail (Equisétum fluviatile), sharp (C. acuta L.) bubbly sedge
(C. vesicaria L.), and fluff (Eridphorum vagindtum L.).

The data of the soil-agrochemical survey of a shallow-contour shallow-lying peat
bog on 15 reference points, depending on the cultivation and intensity of the use
of peat-boggy soils according to the maps, are presented in Table 2. As a result of
observations, the change in the content of the main biogenic elements over a 20-year
period (from 1998 to 2018) has been established. The content of mobile phosphorus
and exchangeable potassium has changed to the greatest extent. So, on the I map,
in the soil layer of 0-80 cm, the content of mobile phosphorus and exchangeable
potassium changed slightly, which can be explained by the fact that the territory of
the map was in agricultural use for a long time. The areas of the remaining charts have
been abandoned for more than 20 years; in the spring, they are mostly under water;
and in dry years, the territory of the II chart was partially used in the agricultural
production.

On map V, an increase in the content of mobile phosphorus was found in soil
layers from 0 to 80 m™", which can be explained in the absence of fertilizers by its
biogenic accumulation, since phosphorus, as shown in the studies of T. Kulakovskaya
etal., has an extremely weak migration ability, and no more than 3-5% of its total

Depth, Content of mobile Content of mobile pH
cm phosphorus (P,0s), mg/kg potassium(K,0), mg/kg
1998 2017- A 1998 2017- A 1998 2017- A
2018 2018 2018
I chart
0-33 489 50.6 +1.7 457 39.2 -6.5 6.6 6.4 -0.2
33-80 10.1 12.8 +2.7 13.5 14.0 +0.5 6.4 6.35 -0.05
II chart
0-28 573 69.8 +12.4 69.7 62.4 =73 6.23 6.3 +0.07
28-80 273 359 +8.6 515 32.8 -183 4.7 49 +0.02
III chart
0-26 51.0 55.9 +4.9 62.3 61.2 -11 4.5 4.6 +0.1
26-80 15.0 174 +2.4 11.0 11.5 +0.5 30 35 +0.5
IV chart
0-34 15.9 271 +11.2 76.2 40.8 -354 4.5 44 -01
34-80 12.5 16.9 +4.4 64.0 20.0 -34.0 39 4.05 +0.15
V chart
0-35 174 428 +25.3 441 40.5 -36 39 39 0
35-80 11.5 243 +12.8 47.0 257 =213 33 36 +0.3
Table 2.

Changes in some agrochemical indicators over a 20-year period (average by charts).
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Peat Point Nitrification Cellulosol Soil Poriness, The power of
chart capacity, mg yical density % the residual
kg for30 days activity, % (D),gm™ peat layer, m™
I 1 31.0 17.0 18 39.0 <10
2 324 175 1.40 39.5 <10
3 32.8 175 1.49 26.2 <10
II 4 459 175 154 32.0 <10
5 49.2 125 1.39 36.6 <10
6 43.7 175 118 46.1 <10
I 7 14.8 70.0 0.68 654 31-50
8 25.8 10.0 121 414 <30
9 354 175 122 478 <30
v 10 13.2 175 1.20 34.0 <30
11 111 55.0 0.77 41.0 31-50
12 11.9 575 0.77 59.0 >51
\% 13 14.8 775 0.72 60.6 >51
14 14.2 62.5 0.81 578 >51
15 14.9 25.0 0.78 574 31-50
Table 3.

Biological and agro-physical soil properties peat.

reserves is washed out [7, 8, 18, 19]. In addition, it was shown that in shallow, weak-
and medium-azole peat bogs, with commercial water regime and high groundwater
aquifer, they can penetrate into the subsoil and underlying layers [5, 6, 19], which our
observations also showed. Unlike mobile phosphorus, an increase in the reserves of
exchangeable potassium in the soil of maps IV-V in layers from 0 to 80 m™" was not
observed, since its high mobility and intensive use are increasing, especially in the soil
layer 30-50 m™", where the bulk of the roots are located. The pH values in the peat bog
soil have not changed much.

The difference in the data on the biological and agrophysical properties of peat soil
presented in Table 3 can be explained by the difference in the degree of cultivation
of the studied soils and the residual peat layer on the charts. A direct relationship has
been established between the thickness of the residual peat layer and the cellulolytic
activity and porosity of the soil; an inverse relationship is established between the
thickness of the peat layer and the nitrifying ability and density of the soil.

The nitrifying ability of the upper soil layer decreases with increasing peat
thickness (point N 7, 10-15), cellulolytic activity, and porosity; on the contrary, it
increased at these points in the soil. With an increase in peat thickness, soil density
indices decreased from 1,18-1,8 (point Ne 1-6, 8-10) to 0,68—0,81 g m3,

3. Conclusion

During the soil-agrochemical survey of five peat bog maps, a change in the content
of mobile phosphorus over a 20-year period was detected, which noticeably increased
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in the soil layer 0-80 m™ on the fifth map, and the content of exchangeable potassium
significantly decreased in the soil on the fifth map and the fourth and fifth cards.
During the monitoring of the condition of the developed fine-grained marsh peat,

a direct relationship was established between the thickness of the residual peat layer
on the maps and the cellulolytic activity and porosity of the soil as well as an inverse
relationship between the thickness of the peat layer and the nitrifying ability, soil
density. In depleted territories, vegetation is mainly represented by various grasses
and shrubs, which can be explained by the rather long use of maps in agricultural
production; in medium-developed territories, shrubby-woody vegetation prevails,
with a peat layer thickness of more than 30 cm; and sedge and fluff dominate in
flooded areas.
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Chapter7

Towards Collaborative Cluster
Management for Fire-Resilient
Peatlands in Indonesia

Johan Kieft

Abstract

Wildfires on peat lands in Indonesia have been a major cause of globalGHG emissions
and has had an irreversible impact on the health of millions, in 2020, the goi decided to
introduce the so-called fire protection association or so called’s which is seen globally
as best practice in terms of integrated fire management governance and in Indonesian
named clusters. In 2020., a pilot involving three districts in fire prone landscapes
introducing fire protection associations was commenced to understand if FPA could
be employed in the Indonesian context could deliver similar results, the results and
developed approach lead to a decline in fire incidence in the target districts as opposed to
the district in the province. Hence the cluster approach indeed proved by better align-
ment of private and public fire capacity in addition to improved early warning capacity.
The results underline that the necessary processes that are gender sensitive and socially
inclusive can be adapted to all jurisdictional levels and enable effective collaboration of
relevant government agencies. Cluster maintains the core principles of fire protection
associations and integrated fire management, in line with international best practices in
disaster risk reduction. Furthermore, Changes allow for improved local livelihoods of
communities depending on peat lands, as hydrological restoration and reafforestation
enables local communities to again rely on swamps for their livelihoods.

Keywords: integrated fire management, peat, haze, governance, fire-resilient peatlands

1. Introduction

The 2015 fire crisis in Indonesia was an economic and environmental disaster.
With 2.6 million hectares of land burned, it cost the country an estimated US$16.1
billion (IDR 221 trillion), equivalent to 1.9% of GDP. Smoke pollution also contrib-
uted to irreversible impacts on the lives of 100,300 people across Indonesia, Malaysia
and Singapore [1], with more than 500,000 cases of acute respiratory infections.
Immediate health costs were estimated at US$151 million [2]. Up to 90% of the smoke
pollution came from fires on peatlands, which release 3-6 times more particulate
matter than fires on other soil types [2].

Quick and effective rewetting and restoration of peatlands are essential to prevent
further degradation through wildfire incidence. In response to the 2015 fires, the
Indonesian government introduced the concept of peat hydrological units (Regulation
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57/2016). In 2016, the government started working through a south-south exchange
with South Africa with the support of UNEP to establish clusters of fire protection
associations, normally covering a peat hydrological unit [3].

Best practices are emerging in the global literature on integrated fire management
in tropical peatlands (e.g. [4]). These include the establishment of fire protection
associations and effective collaboration between land users, high levels of public
awareness, a holistic and integrated approach, functioning public-private partner-
ships, government resources and a regional approach that enables resources to be
pooled and better matched to threats.

This article reports on a UNEP project supported by the USAID Bureau for
Humanitarian Assistance (BHA) initiated 2-year program for 2019-2021 in partner-
ship with Kemitraan and Working on Fire/Kishugu' from south Africa and Institut
Pertanian Bogor (IPB)—centre for climate risk and opportunity management in
Southeast Asia Pacific (CCROM - SEAP), which was extended due to the impact
of the covid pandemic. UNEP has had intensive consultation with the Ministry of
Environment and Forestry and the Coordinating Ministry for Economic Affairs to
support the implementation of the following project two outcomes:

1. Prototype Fire Protection Associations (FPAs)/Klasters are set up and opera-
tional and implementing IFM to reduce forest and peatland wildfires in their
areas. The initial prototypes planned by the Government of Indonesia are seven
Klasters across the country, of the 14 peat fire-prone districts.

2.South-South collaboration and outreach efforts generate momentum for coun-
tries and partners to accelerate the use of integrated fire management to reduce
forest and peatland wildfires.

3.The design of a fire risk monitoring system can improve collaboration at national
level with private sector and BNPB and improve preparedness at an earlier phase.
Once operationalized, the Fire Risk System (FRS?) will provide a wide range of
government actors with probabilistic information on the likelihood of fire activ-
ity at the provincial and district level.

2. Landscape selection

As part of the project through the FRS fire vulnerability maps, project locations
were identified through an assessment of fire risk and fire vulnerability based on
these maps as shown in Figure 1. Four categories of variables—biophysical, socioeco-
nomic, exposure and adaptive capacity—were used in this assessment of fire vulner-
ability. For each of the selected 10 provinces and eight districts, 11 key variables were
included. These were: (i) peat depth, (ii) land cover/use, (iii) distance to road, (iv)
distance to the river, (v) distance to the village centre, (vi) land system, maps. Land
system data is derived from the land system map provided by the Regional Physical
Planning Project for Transmigration (RePPProT). For more information, see [5]. (vii)
percentage of timber plantation concession area per sub-district, (viii) percentage of

! See:https://kishugu.com/working-on-fire/
* See: http://kebakaranhutan.or.id/
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Figure 1.

Fire risk vulnerability map of Barito Selatan (data from 2015). Source: Ipb-ccrom (Bogor agricultural
university—Centre for climate risk and opportunity management in Southeast Asia pacific, fire risk monitoring
system (see: http://kebakaranhutan.ovid/).

palm oil concession area per sub-district, (ix) percentage of logging concession area
per sub-district, (x) population density, and (xi) regional gross domestic product.
The number of satellite-detected fires per km? was used as the main measure
of spatial and temporal occurrence of fires, using only high confidence locations
were applied, with more than 50% certainty of fire activity (based on the official
Indonesian fire data), which has data sources from four satellites, namely Terra
Aqua, NOAA, SNPP, and Landsat 8, as well as weather data from BMKG. The data in
SIPONGTI is also more accurate because it contains information about the location at
the village level and the status of the land. Vulnerability was calculated from scores
and weights of vulnerability indicators, using composite mapping analysis (CMA)
[6], resulting in vulnerability maps (e.g. Figure 1). The above-described fire risk
monitoring system was verified following stakeholder consultation with key land
users, mainly smallholders, who had lost perennial crops to fires in previous fire
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episodes (1997/98, 2002, 2006, 2009 and 2012) [5]. Using fire risk and vulnerability
mapping, an area of around 20,000 ha was identified, where during recent years, fires
affected more than 100,000 people and which has been emitting close to 90,0000 mt
CO2 eq/year.

3. Local collaboration

To sustain impactful, bottom-up water governance structures at the landscape
level, it is fundamental to effectively engage land-use managers and communities in
damming and rewetting efforts. The project used small grants as incentives, to improve
community welfare through the development of horticulture, fisheries and other
livelihood activities, paid when people were actively involved in rehabilitation activities
such as canal blocking. UNEP-led peatland rehabilitation efforts support community
involvement in peatland forest fire control through provision of alternative and sus-
tainable and profitable environmentally-friendly activities. In this way, it is also hoped
that targeted communities will desist from illegal logging or slash-and-burn farming.

In close collaboration with the district government and the National Peat
Restoration Agency (Badan Restorasi Gambut, BRG), dams were constructed in the
canal between Sungai Mentangai and Sungai Purun in south Barito district, central
Kalimantan Province in 2018, aimed at rewetting higher fire risk areas. Dam con-
struction started as far inland as possible to limit environmental damage by heavy
equipment used in construction, following an external environmental assessment.
The project constructed compacted peat dams in 2019—2022 and plans to construct
them in the next 2 years. Compared to other dam types, these are less expensive
(US$500-1000 each), last longer, and have long been used by the plantation industry,
with many thousands having been already built in central Kalimantan. The local
government has financed most of this work with the project financing the design
costs and building smaller structures for secondary channels.

Reforestation was also a key initial part of the project and is being continued by
communities with government support, with nyamplung (Calophyllum inophyllum)
planted in large numbers during the project, which produces excellent timber, fruit
and medicinal honey.

3.1 The cluster approach

Vegetation management and maintenance of stable and correct groundwater levels
are both critical to limit fuel availability and prevent peatland fires. Government
Regulation 57/2016 recommends maintaining groundwater at no more than 40 cm
deep, but ideally near the surface. Effective execution is also required and that consid-
ers all local interests. Collaboration between land users enables improved land use
planning, specifically regarding drainage, which requires collaboration of land users,
which is also required to ensure effective integrated fire management.

The project worked with clusters of fire protection associations to develop
arrangements for integrated fire management that were agreed upon with land users
and coordinated through incident and command systems. Figure 2 below shows how
policy is guiding the initial piloting, which then should result in national rollout. As
UNEP is in the process of both working on the financing and working towards nation-
wide implementation of the Klaster approach. Within the current project design,
UNEP is preparing for a next phase to work towards a nationwide implementation
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Figure 2.
Flow diagram with key activities for cluster establishment (UNERB, 2020).

of these clusters. At the institution level, currently, Kemitraan as SIAP partners are
conducting a study on which model is best suited, either through a so-called special
district service agency called BLUD or other forms like a special district government
entity or a UPT. The process that has been tested and proved to be effective is pre-
sented below (Figure 2).

These steps go hand in hand with guidelines for Klaster establishment in line with

established Gol legislation and procedures. This includes:

1. Cluster regulation outlines the internal governance

2. Cluster establishment guidelines guiding members in implementing integrated
fire management

3.Finetuning of the guidelines for the establishment of Klaster will be done in
collaboration withthe BNPB training centres to ensure alignment with exist-
ing ICS guidelines, including those of private sector partners. The SIAP project
deputy cluster managers will facilitate through joint knowledge-sharing ses-
sions and facilitation to come to agreed ICS-based procedures from the com-
munity level up in terms of agreed As such to prevent fires. Improving land use
practices and facilitating consensus between cluster members on a land use
plan aligned with the required groundwater level for sustainable use of peat-
land, in turn, create fire-resilient landscapes. Managed by land users through
clusters, this also leads to economic benefits. It is important that cluster organi-
zations and members see clear and immediate benefits, as the will of stakehold-
ers is critical to gain momentum. UNEDP, in collaboration with a programme in
South Africa, conducted a policy benchmarking study. Through stakeholder
engagement, exchange visits and joint evaluations, a joint perspective was cre-
ated for fire protection associations.

The government decided to apply to use such clusters to improve collaborative

landscape management, particularly in peatlands. Using fire protection associations
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Figure 3.
An example of a cluster for Oki district, South Sumatra (Source: UNEP, 2018).

as a basis for peatland management also provides the necessary scale and resources, as
a participatory mechanism for preventing wildfires. Currently, the project is based on
pilots to support the development of guidelines (Figure 3).

4, Results

SIAP: Hotspots in Chart, 2021 and 2022 for the clusters in

In Dgan Korrmlng llir, Pelalawan, and Pulang Pisau

FIRES
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ugan Komerng mr Pelalawan Pulang Pisau

Supported by UNEP, the SIAP Project implementing partners (Kemitraan and
CCROM IPB) organized two-phased training on how to use the FRS application for
early risk detection and in combination with the cluster members’ capacity better
aligned through standard operating procedures at cluster levels increased efficiency in
fire suppression was achieved. The training conducted in Pulang Pisau was attended
by 33 people representing the military, police, FMU/cluster companies, community-
based fire brigade and local government offices, while 12 companies attended the
training in Pelalawan in addition to the local disaster management agency, fire
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department and government offices. In Ogan Komering Ilir, the training trained 24
people from local government offices, Klaster-affiliated companies, the military and
the police to increase their capacity to determine fire risks and plan basic preventive
measures. In both cases, cluster worked towards increasing alignment in terms of land
use planning.

4.1 Clear benefits

This shows that fire-resilient landscapes can be realized by including water
management as an essential element of fire prevention, supported by clusters, and
aligning land and forest use planning across management units, districts and com-
munities. Improved water management has impacts on reducing greenhouse gas
emissions from peat decomposition and subsidence but improving land use adjusted
to drainage depth also requires a reduction in fires [7].

Based on these experiences, UNEP and its partners have developed clear procedural
guidelines on how to establish clusters as described above. These detail the necessary
processes that are gender sensitive and socially inclusive, can be adapted to all juris-
dictional levels and enable effective collaboration of relevant government agencies.
Cluster maintains the core principles of fire protection associations and integrated fire
management, in line with international best practices in disaster risk reduction.

Furthermore, changes allow for improved local livelihoods, as hydrological reaf-
forestation enables local communities to again rely on swamps for fish (kerapu and
others) and products from native tree species such as sago (Metroxylon sago), jelutung
(Dyera polyph) and gemor (Nothaphoebe coriacea). Other benefits are reduced fire
incidence, and subsidence leading to subsidence [8] that improve overall human well-
being, including for other land users, in particular indigenous communities through
empowering of indigenous institutions like Handils, which are indigenous land-use
systems, as practices in the cases of barioto Selatan. And as well as in some areas in
Sumatra [9]. The term handil refers to the hand-dug, man-made waterways to gain
access to farming fields in these areas as well as to the associations that manage the
natural resources of the handil area, consisting of the handil canals and the surround-
ing agricultural land.

The cost implications based on a financial assessment [5] suggested that adopting
the cluster approach would allow the government of Indonesia to make significant
fiscal savings. However, a more in-depth study of actual expenditure on wildfire
prevention and suppression between all agencies and departments, including at the
provincial and local levels, would provide further insights.

4.2 Next steps

UNEDP is preparing for a second phase of nationwide implementation of these
clusters, and Kemitraan is conducting a study on which model is best suited, either
through a special district service or district government agency, and ideally including
indigenous institutions like Handils as members. As such, institutions in Kalimantan
have similarities with Dutch water boards and are generally recognized as good
managers of collective natural resources. They are relatively autonomous, effectively
managing their area and its waterways, and have a form of democratic governance to
guard members’ interests. They, therefore, have potential to function as institutions
for regional, peat dome-based water management, similar to water boards. The social
assessment of the project also recognized that the Handil model could be adapted as
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a peatland conservation management framework. Strengthening such institutions to
cover water governance and community-based land use jurisdictions can ensure the
sustainable use of peatlands through meaningful community engagement.

In addition. Water boards should be considered as an entry point for improved
water governance. There are existing institutional structures in Indonesia, such as
Handils, that can facilitate improved water governance. Handils are indigenous land use
systems, as practised in parts of Central and South Kalimantan, and Sumatra [9]. Such
water boards would ensure sustainability and reduce the chances of leakage through
poor governance and lay the groundwork for fire-resilient landscapes addressing both
subsidence and emission of GHG emissions [7, 8].

5. Conclusions

This case shows that the use of fire vulnerability as a tool for REDD+ activity
selection on peatland can enable local policymakers and planners and reduces fire
incidence and can hence deliver tangible greenhouse gas emission reduction and
significant livelihood co-benefits. It also lays the foundation for community-driven
sustainable development. As water channels are dammed in line with Dohoong et al.,
[10], the project has been paying out small grants to improve community welfare
through the development of horticulture, fisheries and other livelihood opportuni-
ties. More recently, the government of Indonesia has also been providing village
development grants to communities. In return for grants, people are obliged to be
actively involved in peatland restoration. The project also trained four community-
based fire brigades in Dusun Hilir that are now able to protect re-vegetated peatland,
which has led to good results in the area. The results of rewetting and re-vegetation
show that the fire risk system developed by the project allows for improved targeting
of ecosystem restoration activities and so reduces the impact of smoke pollution that
has affected tens of thousands of people in the last few years [1, 2].

To, significantly, reduce fire risk in Indonesian peatlands requires the establish-
ment of land user associations in hydrologically defined areas [11]. These should be
supported with the use of risk-based mapping tools to produce drainage-based land
use plans that include forest, non-forest and community land uses. Communities
must agree on joint planning objectives regarding rehabilitation, restoring peatlands
through hydrological restoration (by raising groundwater level), and rehabilitating
peatlands with paludiculture crops. In this way, and building on indigenous practices,
fire-resilient landscapes can be co-created, and the cluster approach has proved to
be a useful institutional vehicle for collaborative peatland management in particular
against a baseline of increased risk due to climate change [12].
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