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Executive summary

Urban wetlands and streams provide critical ecosystem services including flood protection, water
storage, aquifer recharge and habitat for biodiversity. They also help regulate urban microclimates,
mitigate the urban heat island effect, improve water quality and support urban biodiversity. However,
urbanisation often leads to the degradation of these ecosystems through construction, pollution and
altered hydrology. These guidelines offer a comprehensive framework for the rehabilitation,
conservation and management of Lao PDR’s urban wetlands and streams to reverse degradation,
support climate change adaptation and enhance ecological and social benefits.

Scope and definitions

The guidelines encompass various design criteria for wetland and stream typologies, focusing on
ecological complexity, site-specific approaches and the human—nature relationship. Rehabilitation,
remediation and restoration are key concepts, each with distinct goals: restoration aims to return
ecosystems to their original state; rehabilitation seeks to enhance degraded systems to preserve
ecosystem services; and remediation involves moving degraded systems to a different, functional
state. Protection of high-quality ecosystems is emphasised as a cost-effective strategy.

Country context

In Laos and the Mekong region, wetlands are crucial for livelihoods and biodiversity. However,
urbanisation, infrastructure development and population growth have led to significant wetland loss.
The Lao government has initiated wetland management planning since the 1990s, but challenges
remain due to increasing pressures from development and lack of clear management practices.
Legislation related to urban streams and wetlands focuses on water resource management,
environmental protection and sustainable development, highlighting the need for integrated and
enforceable policies.

Understanding urban streams and wetlands

Key factors influencing stream and wetland health include geomorphology, hydrology, water quality,
sediment quality, riparian habitat and connectivity. Effective restoration requires understanding these
factors to determine degradation causes and set appropriate recovery targets. Strategies involve
managing hydrology, improving water quality and restoring habitat complexity.

Planning procedures

Problem identification — Common issues in urban streams and wetlands include pollution, habitat
destruction, altered hydrology and invasive species. Identifying and prioritising problems based on
their severity and impact is essential. Effective solutions address root causes such as land use
changes and industrial activities.

Stakeholder consultation — Successful rehabilitation projects require meaningful stakeholder
engagement, including with local communities, government agencies and environmental
organisations. Diverse representation ensures that different perspectives and needs are considered.
Effective communication, early engagement and maintaining open dialogue are critical. Stakeholder
consultation should follow principles of Free, Prior and Informed Consent (FPIC) and include
participatory approaches to gather comprehensive input and foster collaboration.

Vision development — Developing a vision for urban stream and wetland restoration involves setting
clear, inspiring, and actionable goals. The vision should address key issues identified during
consultations and site assessments, providing a guiding framework adaptable to changing conditions.
Involving stakeholders in co-developing the vision ensures it reflects diverse interests and promotes
collective ownership.

Selection of potential interventions — Interventions should address the identified problems and
align with the vision. Strategies include managing catchment hydrology, reducing pollutant loads,
restoring habitat complexity, and improving connectivity. Combining best management practices,



systems repair, and engineered solutions can effectively address both symptoms and root causes of
degradation.

Feasibility assessment — Evaluating the feasibility of urban stream and wetland rehabilitation
projects involves a comprehensive analysis of technical, financial, social, and environmental factors.
Technical feasibility assesses the baseline conditions, what expertise is needed, and the potential
impacts of the rehabilitation activities on local biodiversity, water quality, and overall ecosystem
health. Financial feasibility examines the availability of funding sources, budget planning, and cost-
benefit analysis to ensure economic viability. Equally important as technical and financial feasibility is
the consideration of institutional and planning controls over what you can and cannot do in streams
and wetlands. Site access for equipment and workers is crucial, as any accessibility issues can
significantly impact project costs and timelines.

Planning and implementation — This involves scheduling, resource allocation, communication, risk
management, monitoring, and documentation. Effective implementation ensures that designed
rehabilitation measures are executed sustainably. Key elements include:

e Scheduling and supervision: Create detailed timelines and ensure adherence to design
specifications.

e Resource allocation: Secure funding, manage budgets, and source materials.
e Communication and coordination: Maintain clear communication among stakeholders.
e Risk management: Identify and manage potential risks.

e Monitoring and adaptive management: Continuously monitor progress and adapt strategies
as needed.

e Documentation and reporting: Maintain thorough records and report to stakeholders.

Monitoring and evaluation — Regular monitoring involves ongoing assessments of key indicators
such as water quality, biodiversity, vegetation health, and hydrological conditions, allowing for the
detection of early signs of problems and the assessment of intervention effectiveness. Adaptive
management uses the data collected to inform and adjust management actions, providing flexibility to
respond to unforeseen challenges and changing conditions. Community involvement in monitoring
efforts enhances data collection and fosters a sense of ownership and stewardship among local
residents.

Maintenance — Maintaining rehabilitated streams and wetlands involves regular monitoring,
vegetation management, erosion control, hydrological management, waste management, invasive
species control, community engagement, adaptive management, and thorough documentation.
Effective maintenance ensures the long-term health and functionality of these ecosystems.

These guidelines have drawn from international best practice in Australia and adapted to the Lao
context. In their application there should be use of local and traditional ecological knowledge, and
community co-design and implementation for successful restoration and maintenance of urban
wetlands and streams. Through these efforts, we can create resilient urban environments that benefit
both people and nature.
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1 Introduction

These national level guidelines provide a comprehensive framework for the rehabilitation,
conservation and management of urban, wetlands and streams. Urban wetlands and streams offer
essential ecosystem services, including flood protection, water storage, infiltration, aquifer recharge,
biodiversity habitat, and aesthetic values and public amenity. They also help regulate urban
microclimates, which mitigates the urban heat island effect, improves water quality, and supports
urban biodiversity.

The implementation of activities and processes outlined in these guidelines can help to support the
following priority areas:

1. Reverse degradation of urban ecosystems: Urbanisation leads to the loss and degradation
of wetlands and streams due to construction, pollution and altered hydrology. These impacts
reduce the capacity of these ecosystems to provide essential services and support
biodiversity.

2. Climate change adaptation: Wetlands and streams can help cities adapt and become more
resilient to climate change impacts by supporting the management of flood risks, enhancing
water security, and providing cooling effects during heatwaves. As climate change increases
the frequency and intensity of extreme weather events, restoring and protecting these
ecosystems becomes even more critical.

3. Ecological and social benefits: Healthy wetlands and streams enhance the quality of life for
urban residents by providing recreational opportunities, aesthetic values and amenity, and
health benefits. They also contribute to the resilience of urban ecosystems, supporting both
human and ecological communities.

4. Integrated management: Effective restoration requires an integrated approach that
considers the entire watershed, including land use planning, hydrology and ecological
processes. Guidelines provide the necessary scientific and technical knowledge to inform
decision-making and ensure that restoration efforts are successful and sustainable.

5. Policy and planning: Guidelines help shape policies and planning processes, to ensure that
wetland and stream restoration is incorporated into urban development and land use
planning. This is essential for protecting these ecosystems from future degradation and
ensuring their long-term sustainability.

Some key concepts reflected in the guidelines include:

® Ecological Complexity: When restoring streams, consider the complex interactions
within ecosystems. Avoid oversimplification.

® Site-Specific Approaches: Each wetland and stream is unique. Use the same guiding
questions but expect different answers to inform site management.

o Human-Nature Relationship: Restoration strategies should consider how different
groups (e.g., ethnic minorities, women, disabled people) use and access these
ecosystems. Also, consider land tenure, access to migratory and recapture fisheries, etc.

1.1 Scope

These guidelines set out design criteria and technical considerations for a range of urban wetland and
stream typologies. The guidelines recognise that effective systems often combine multiple typologies,
for example:

e recreational wetlands that provide a buffer and controlled access around core conservation
wetlands

e treatment wetlands that receive and improve inflows before water enter productive wetlands
used for agriculture or aquaculture.



Similarly, the ecological condition and management objectives of a stream may vary from upper
catchments through urban reaches to downstream areas; not all sections of a stream need to deliver
the same ecological values or functions.

The guidelines provide a consistent technical basis for planning, design, implementation and adaptive
management, to support informed decision-making by national and local government, practitioners
and communities. They do not prescribe a single solution; the appropriate mix of typologies and
interventions will depend on local biophysical conditions, land use, cultural values and wider socio-
political factors.

Decisions about wetland and stream typologies, and about the desired level of protection,
remediation, rehabilitation or restoration, should be made through structured community and
stakeholder engagement processes, with particular attention to the needs and knowledge of
vulnerable and marginalised groups.

1.2 Target audience

The guidelines are intended for use by government agencies, planners, engineers, landscape
architects, environmental consultants, developers, utilities, regulators, and community organisations
involved in the planning, design, implementation and management of urban wetlands and streams.
They are also a resource for educators, researchers and community groups seeking a clearer
understanding of good practice.

1.3 Definitions of Restoration, Rehabilitation and Remediation

There are a range of recovery targets and trajectories available when it comes to addressing the
condition of urban streams and wetlands -restoration, rehabilitation; and remediation. it is not always
necessary (or possible) to return to pristine conditions, so it is important to differentiate between terms
and establish clear management objectives.

Restoration:

Seeks to return the ecosystem as closely as possible to its original, pre-disturbance condition. The
aim is to re-establish the environmental conditions that allow the wetland or stream to function as it
did before significant human impact, including reinstating pre-development hydrology and
morphology, while accommodating natural variation over time. Restoration targets a healthy
equilibrium in which the ecosystem behaves similarly to its historical state and may involve either
passive or active ongoing management.

However, complete restoration is difficult to achieve and is often not feasible for many degraded
urban streams and wetlands.

Rehabilitation:

Refers to the process of enhancing or reinstating a degraded natural system to preserve its
ecosystem services within the context of changing land use at the basin scale. This involves moving
towards a more pristine state, though not necessarily achieving it fully, depending on priority system
structures.

Remediation:

Past modifications to waterways often means pre-development rehabilitation or restoration targets are
no longer feasible or relevant. In these cases, a remediation approach to improving the value and
function of urban waterways is often required (Barbier, 2011; Palmer et al., 2010). Remediation
involves moving a degraded wetland or stream to a different state in response to changed and
changing land use conditions that significantly impact the fundamental drivers of ecological health in
these systems. This often requires significant physical work and can be expensive. Remediation aims
to establish a new equilibrium that is more in sync with the altered environment, rather than restoring
the original conditions.

While remediation, rehabilitation and restoration provide important pathways for improving degraded
ecosystems, it is generally more effective and less costly to prioritise the protection of intact
ecosystems from further impact. Ecosystem improvement initiatives usually require physical works
and can be very expensive, so they are often limited in spatial extent. In contrast, protection
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measures such as zoning and land-use designations primarily require planning, are typically relatively
inexpensive, and can be applied across much larger areas.

1.4 Regional context
1.4.1 Wetland conditions in Laos PDR and the Mekong region

“Wetlands are areas of marsh, fen, peatland, or water, whether natural or artificial, permanent or
temporary, with water that is static or flowing, fresh, brackish, or salt, including areas of marine water
where the depth at low tide does not exceed six meters” (Ramsar, 2016).

Wetlands in the Mekong region provide an abundance of natural resources that support livelihoods,
including fisheries, rice cultivation, flood regulation, and biodiversity conservation (Barbier, 2011;
Ramsar, 2025).

In Cambodia, wetlands cover approximately 30% of the country's land area (around 5.4 million
hectares, including the vast Tonle Sap floodplain and associated systems) and remain fundamental to
rural economies, supporting millions through fisheries, agriculture, and food security (Torell et al.,
2004; Ramsar Convention Secretariat, 2025). As of 2025, Cambodia has 5 designated Ramsar sites
totalling 85,235 hectares, with ongoing expansions in protected wetlands amid pressures from
development and climate change (Ramsar, 2025).

In Thailand, wetlands comprise about 7% of the land area (approximately 3.6—3.8 million hectares,
including coastal mangroves, peatlands, and inland marshes), delivering critical ecosystem services
such as food production, water purification, flood mitigation, and habitat for diverse species (Parr et
al., 2011; Ramsar, 2025). Thailand has expanded its Ramsar designations to 15 sites covering
405,219 hectares as of 2025, with community-based management models like those in northern
Thailand highlighting wise-use approaches amid ongoing degradation from urbanization and
agriculture (Ramsar, 2025).

Laos contributes approximately 35% of the total annual discharge to the Mekong River Basin
(475,000 million m® mean annual flow), a figure that remains consistent in recent hydrological
assessments despite upstream dam influences and seasonal variations (Mekong River Commission,
2024a; Mekong River Commission, 2024b). This substantial input underscores Laos' role in regional
water security and wetland vitality, critical for:

(1) balancing resource abundance with competing demands like economic growth, human well-being,
biodiversity, and cultural values;

(2) advancing integrated policies for river and wetland management;
(3) strengthening institutions, capacity building, and knowledge sharing; and
(4) supporting transboundary planning in the Mekong Basin.

In 1990, the Lao government began planning to formally manage wetland areas, aiming to develop a
manual to guide long-term sustainable management across the country. In 1993, a 1:100,000 scale
map survey showed that there were approximately 25 areas that could be classified as wetlands
(Claridge, 1996).

In Lao PDR, several key problems that impact river and wetland flows and contribute to ecosystem
degradation:

1. Declining water levels in rivers and wetlands, reducing availability for agriculture and
household use, particularly during the dry season and as a result of hydropower dam
operations

2. [Ecosystem degradation caused by urban expansion, conversion of wetlands to agricultural
land or residential areas, leading to loss of native species (e.g., waterbirds) and increased
livestock grazing

3. Discharge of polluted water and agricultural chemical runoff from surrounding farms and
livestock operations, resulting in reduced water quality, accumulation of solid waste, and
urban wastewater contamination

11



4. Lack of awareness and protection of buffer zones around rivers and wetlands, combined with
insufficient forward planning and weak enforcement of regulations, leading to encroachment
by communities and investors ((Mekong River Commission, 2024a; Chanthalounnavong et
al.,2024; Phanmala et al., 2023, MoNRE, 2023; Ramsar, 2025).

Wetland management zoning applied in Lao PDR (e.g., at Beung Kiat Ngong and Xe Champhone
Ramsar sites) divides wetlands into different zones that include (MoNRE, 2023; WCS, 2023):

e Core Protection Zone - This area strictly protects natural habitats, flora, fauna, and water
storage functions; no extractive activities permitted.

e Sustainable Use/Buffer Zone - This zone promotes soil and water conservation, reduction of
chemical inputs, eco-tourism, recreation, and compatible community activities.

e Multiple-Use Zone - This area allows aquaculture, sustainable agriculture, community
forestry, and limited settlements, provided chemical use is minimized and activities are
regulated.

Multi-stakeholder consultation meetings and agreements with farmers who graze livestock in wetland
areas are essential for effective problem-solving, planning, and long-term sustainable management
(MoNRE, 2023; WCS, 2023).

1.4.2 Urban impacts on streams and wetlands

Rapid population growth exacerbates challenges for urban waterways, including increased flooding,
water pollution, and hydrological alterations (Masago et al., 2018). Across Asian megacities, high
demand for water resources has led to overexploitation of surface and groundwater, resulting in
environmental degradation, declining water quality, and heightened risks of landslides and inundation
in urban areas (Chiplunkar et al., 2012).

The Ministry of Planning and Investment (MPI) and UNFPA project that Lao PDR's population will grow
from approximately 7.9 million in 2025 to 14—16 million by 2075 (an increase of 80—100%), driving urban
expansion and intensifying pressures on water systems (MPI Lao Statistics Bureau and UNFPA, 2025).
This demographic shift is anticipated to strain freshwater availability, with urban transformation
amplifying risks to streams and wetlands through impervious surfaces and altered catchments. Over
70% of Lao PDR's population lives in Mekong-influenced riverine areas, with urban centres like
Vientiane (approximately 90% live in riverine areas) and Savannakhet facing heightened vulnerability
to flood events and pollution (MRC, 2024a; World Bank, 2024).

Urbanization and infrastructure have driven significant wetland loss in Vientiane Capital, with key
marsh areas (e.g., That Luang and peripheral floodplains) experiencing 40-50% reduction in extent
and function from 2000 to 2025 due to population growth, migration, land conversion for housing and
production, and poor drainage integration (Phanmala et al., 2023; Mekong River Commission, 2024b).
Nationwide, wetlands in Laos, including rivers, floodplains, marshes, ponds, and reservoirs, cover an
estimated 1-2 million hectares seasonally (incorporating Mekong floodplains), though designated or
inventoried core sites are smaller (Chanthalounnavong, et al., 2024; MoNRE, 2023). Laos has 2
Ramsar sites totalling 14,760 hectares, with broader estimates reflecting extensive but threatened
seasonal systems (Ramsar, 2025).

1.4.3 Legislation related to urban streams and wetlands

River and stream restoration is crucial for sustainable development, and government and local
authorities have a key role to play in establishing and enforcing regulations and laws to manage
wetlands, and protect land around river areas (Dooley and Stelk, 2021). Strong legislation and policy
frameworks can help reduce development-related impacts and support the provision of ecosystem
services e.g. reduced flood risk.

Table 1outlines some of the current relevant strategies, policies, laws and regulations in place that
relate to sustainable management and development with regard to urban streams and wetlands.
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Table 1. Key Legislation, Policies, and Regulations Relevant to Urban Wetlands and Streams in Lao

PDR
Category Relevant Policy or Relevance to Urban Wetlands and Streams
Regulatory Instrument
Agriculture Law on Agriculture (No. Establishes principles, rules, and measures for
01-98/NA, dated 10 Oct organizing and conducting agricultural production and
1998) activities. It covers agricultural land use, irrigation,
plant/animal species, fertilizers, pesticides, machinery,
processing, marketing, and international cooperation to
promote sustainable development.
Decree on the Defines the organizational structure, roles, rights, duties,
Organisation and and operations of the Ministry of Agriculture and
Activities of the Ministry of | Forestry. It focuses on unified management of
Agriculture and Forestry agriculture, forestry, and water resources, including
(No. 84/PM) policy development, program implementation, and staff
training.
Land Use & Law on Land (Amended) Controls land allocation and zoning in riparian areas and
Urban No. 06/NA, 21 June 2021 wetlands. Prohibits filling or building in floodplain and
Planning buffer zones without approval; enables designation of
Law on Urban Planning conservation/ restoration zones in urban master plans
(Amended) No. 05/NA, 21
June 2021
Water Law on Water and Water Requires surveying, cataloguing and protection of all
Resources Resources (No. 23/NA, 11 | wetlands, reservoirs and water bodies (Article 34—35).
Management May 2017; amended by Mandates protection of water flow for environmental

No. 84/NA, 01 July 2020
& No. 21/NA, 07 July
2022)

purposes (Article 57), controls wastewater discharge
standards, and regulates changes to natural water
courses. Directly supports restoration and maintenance
of hydrological function in urban streams and wetlands

Decree on Water
Reservoir and Catchment
Management No.
20/GOV, 20 January 2021

Protection of catchment areas feeding urban wetlands
and streams, water quality monitoring and controlled
use rights — directly applicable to urban lakes, ponds
and reservoirs used for flood attenuation.

Law on Irrigation No.
26/NA, 14 December
2012

Regulates water extraction and infrastructure that
affects natural flow regimes in urban streams; supports
integrated flood management that maintains wetland
storage capacity.

Law on Meteorology and
Hydrology (No. 29/NA, 20
December 2017)

Supports hydrological monitoring and data for urban
flood modelling and wetland restoration planning

Decree on Water Tank
and Reservoir
Management (No.
20/GOV, 20 January
2021)

Protects urban reservoirs/ponds and upstream
catchments feeding city wetlands/streams; controls
water quality and sustainable use.

Agreement on National
Environmental Standards
(No. 81/GOV, 21 February
2017)

Establishes enforceable water quality standards for
urban streams/wetlands and wastewater discharge;
essential for restoration targets.
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Category

Relevant Policy or
Regulatory Instrument

Relevance to Urban Wetlands and Streams

Forestry &
Watershed
Protection
Forestry
Strategy

Law on Forestry (No.
06/NA, 24 December
2007; amended No.
06/NA, 24 December
2019)

Protects riparian forests and watershed vegetation that
stabilise urban stream banks, reduce erosion, and filter
runoff into wetlands

National Forestry Strategy
to 2020 (extended and
updated to 2030)

Promotes sustainable forest management in urban
catchments and riparian zones; supports reforestation
for stream bank stabilisation and wetland buffering.

Environmental
Protection and
management

Law on Environmental
Protection (No. 29/NA, 18
December 2012;
amended by No. 84/NA,
01 July 2020)

Provides the overarching framework for preventing
pollution, protecting natural ecosystems and requiring
environmental impact assessments. Articles 18-19
mandate strategic environmental assessment and
environmental management planning that must include
urban water bodies and wetlands

Natural Resources and
Environment Strategy
2016-2025 and Vision to
2030

Provides strategic direction for integrated
wetland/stream management, pollution control, and
nature-based solutions in urban areas).

Decree on Environmental
Impact Assessment (No.
112/PM, 2010; updated by
No. 21/GQV, 2019)

Requires detailed assessment and mitigation for any
urban project impacting streams/wetlands, including
hydrological and biodiversity considerations

Disaster Risk

Law on Disaster

Promotes nature-based flood mitigation, including

Reduction Management (No. 01/NA, | wetland restoration and riparian buffers as part of urban
2019) disaster resilience
National Strategy on Explicitly includes wetland/stream restoration and green
Disaster Risk Reduction infrastructure as priority measures for urban flood risk
(NSDRR) 2021-2030 reduction.
Climate Decree on Climate Establishes legal basis for wetland and riparian
Change Change (No. 321/GOV, restoration projects in cities as climate adaptation
2019) measures.
National Strategy on Prioritises wetland and riparian restoration as key
Climate Change to 2030 adaptation measures for urban flooding and water
(NSCC, updated 2021) security.
National Adaptation Plan Lists urban wetland/stream restoration as a priority
(NAP, approved 2023, adaptation action.
building on 2016 draft)
Nationally Determined Commits Lao PDR to wetland conservation and
Contributions (NDCs) — restoration targets that directly apply to urban areas for
updated submission 2021 | carbon sequestration and flood mitigation.
(further revised 2025)
Socio- 9th National Socio- Promotes green urban development and protection of
Economic Economic Development urban blue-green infrastructure (wetlands/streams).

Development

Plan (NSEDP) 2021-2025
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Category

Relevant Policy or
Regulatory Instrument

Relevance to Urban Wetlands and Streams

Law on Labour
(Amended) (No. 43/NA,
dated 24 December 2013)

Regulates Labor administration, employment conditions,
worker rights and protections, wages, working hours,
contracts, foreign worker quotas, and dispute resolution
to ensure fair treatment and support socio-economic
development.

Law on Local
Administration (No.
65/NA, dated 14
December 2015

Defines the structure, roles, and responsibilities of local
administration at provincial, district, and village levels. It
supports decentralized governance, public service
delivery, and socio-economic planning under centralized
oversight.

Green Growth

National Green Growth
Strategy to 2030

Promotes incorporation of urban wetlands and streams
into green-city planning and water-sensitive urban
design

Conservation
and Protection

Wildlife and Aquatic Law
(No. 07/NA,2007)

Regulates the protection, conservation, management,
and sustainable use of wild fauna, aquatic species, and
their habitats. It addresses hunting, fishing, trade,
breeding, and penalties for violations, with later
amendments strengthening enforcement.

Decree on Sustainable
Management of
Production Forest Areas
(PFA) (No. 59/2002)

Establishes principles for identifying, managing, and
sustainably using Production Forest Areas (PFAs) for
timber harvesting. It promotes participatory
management involving local authorities and
communities, while ensuring monitoring for long-term
sustainability.

Decree on Protection
Forests (No. 192/PM)

Focuses on the classification, protection, and
management of Protection Forests, primarily for
watershed conservation, soil protection, and preventing
environmental degradation. It restricts activities that
could harm these critical ecological zones.

Decree on Protected
Areas (No. 219/2023)

Governs the National Protected Areas (including
National Parks) by enhancing biodiversity safeguarding,
management plans, community involvement, zoning,
and governance to restore habitats and align with
international commitments.

PM Order Number 15/PM
on Logging and Export
Bands (dated May 13,
2016)

Strengthens measures against illegal logging by
imposing strict bans on exporting unfinished logs and
sawn wood. It aims to curb deforestation, promote
domestic processing, and support sustainable forest
governance.

Decree on Conservation
Forests (No. 219/GOV)

Regulates the conservation of forests, equivalent to
high-protection areas for biodiversity. It covers zoning,
management planning, restricted activities, revenue
sources, and conversion rules to prioritize ecosystem
preservation.

Decree on the
Management of
International Trade in
Aquatic Animals, wild
animals and endangered

Implements CITES obligations by controlling import,
export, re-export, and trade of endangered species
including aquatic and wild fauna/flora. It establishes
permits, prohibitions, and enforcement to prevent over-
exploitation.
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Category Relevant Policy or Relevance to Urban Wetlands and Streams
Regulatory Instrument

plants (No. 299/GOL, date
05 June 2024)

These regulatory and policy instruments support urban wetland and stream restoration, rehabilitation
and remediation, through water and environmental laws mandating wetland inventories, protecting
natural flow regimes, setting water quality standards and requiring environmental and social impact
assessment, creating strong legal backing for restoration and rehabilitation. Land and urban planning
laws complement this by controlling conversion and zoning, allowing degraded urban land to be
reallocated for wetland functions, while disaster risk reduction, climate change and green growth
strategies embed wetlands and streams into broader agendas for resilient, low-carbon urban
development.

Nonetheless, enforcement capacity often is limited in urban contexts, and there is a lack of clear,
urban-specific ecological and performance metrics, as well as binding timelines for restoration
outcomes. To address these gaps, EIAs could be used to drive site-scale restoration obligations,
there could also be greater support for community-led rehabilitation linked to disaster risk reduction
strategy and law, as well as mobilising green growth and climate finance for larger-scale remediation.
Implementation takes place at provincial and district levels and requires resources, knowledge and
capacity to support application and enforcement.
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2 Understanding Urban Streams and

Wetlands

Understanding the environmental factors that influence stream and wetland health is important in
order to determine the degrading factors in an ecosystem and an appropriate recovery target and
trajectory (remediation, rehabilitation, or restoration).

2.1 Stream Ecosystems

There are nine key environmental factors that influence stream ecosystem health, as shown in Table
2. Blue shading indicates factors that are mainly influenced by local in-stream processes. For
example, in-stream habitats are shaped by local channel form, sediment particle size and organic
content, the amount of woody debris, and the condition of aquatic and riparian vegetation.

White shading indicates factors that are mainly influenced by processes in the wider catchment. For
example, stream geomorphology is determined by the interaction of catchment geology, hydrology,

and vegetation.

Yellow shading indicates biological factors, which are influenced by the physical and chemical factors
in the rest of the table. Changes in any of these factors can alter how energy and materials move
through the system, and ultimately affect overall ecosystem health (Breen and Lawrence, 2006).

Table 2. Factors influencing stream ecosystem health. Adapted from Breen and Lawrence (2006)

Biological Plants & Animals
> Reproduction

> Emigration/immigratio
n

» Competition
> Predation

Geomorphology
» Catchment geology
> Position in catchment
> Channel
characteristics
> Macro-habitat

In-stream habitats
> Particle size of
benthos
» Organic content of
benthos
» Large woody debris
> Vegetation

Catchment Hydrology
> Frequency, magnitude
and duration of runoff
events
> Predictability of flow
> Influence of
groundwater

In-stream Hydraulics
> Water velocity
> Water depth
> Turbulence
> Benthic shear stress

Water Quality
» Suspended particles
> Nutrients
> lonic composition and
concentration

> Dissolved
oxygen/BOD

> Toxicants

Sediment Quality
> Particle mineralogy
» Carbon content
> Redox potential/DO
> Toxicant

Riparian Habitat/Buffer
Width/Completeness
Food supply

Habitat supply
Channel form and
stability
Micro-climate

VV VY

\4

Continuity & Barriers
> Proximity to other
ecosystems
> Barriers to biota
movement

Details on each of the factors are provided below derived from (Jain & Carpaij, 2020; Victorian

Government, 2011; Wong, 2006).
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211 Biological Plants & Animals

e Reproduction: The ability of species to reproduce successfully is crucial for sustaining
populations.

e Emigration/Immigration: Movement of species in and out of the ecosystem affects genetic
diversity and population stability.

e Competition: Interactions among species for resources can influence community structure.

e Predation: Predator-prey relationships help maintain ecological balance.

The status of plants and animals (i.e. reproduction, movement, competition and predation) can be
used as an input when assessing ecosystem health , these also need to be taken into consideration in
the context of other influencing factors that can drive change.

2.1.2 Geomorphology

e Catchment geomorphology - The type of soil and underlying rock in a catchment area
determines erosion rates, sediment load, and water chemistry entering the stream. For
example, clay-rich soils may lead to higher turbidity in water due to fine sediment particles,
whereas limestone areas may result in higher calcium concentrations.

e Position in catchment - Considering the position of streams within the catchment is crucial
for managing pollution sources. Headwater streams often have higher gradients and faster
flows, while downstream sections may have slower flows and more sediment deposition.
Upstream conservation efforts can reduce pollutant loads and sedimentation downstream.

e Channel characteristics - The shape, size, substrate composition, and stability of the stream
channel influence flow velocity, erosion processes, and habitat quality for aquatic organisms.
Maintaining natural channel forms and stability is essential for healthy stream ecosystems.

e Macro-habitat - Large woody debris, pools, riffles, and riparian vegetation provide habitat
complexity, shelter, and contribute to health of the stream ecosystem.

The physical structure and characteristics of streams and wetlands impact water flow, sediment
transport, and habitat diversity. Urban development can frequently impact channel characteristics and
macro-habitats e.g. through channelisation and loss of natural stream features. Improvements to
geomorphology can be made through protecting and restoring natural channel forms and riparian
zones, controlling upstream erosion and sediment sources, and avoiding further hardening or
straightening of channels within the catchment area.

2.1.3 In-stream Habitats

e Particle size of benthos: The composition of the streambed affects habitat suitability for
various organisms.

e Organic content of benthos: Provides food and habitat for benthic organisms.

e Large woody debris: Creates habitat complexity and provides shelter for aquatic life.

e Vegetation: Riparian and aquatic plants stabilise banks, provide habitat, and contribute to
nutrient cycling.

In-stream habitats can be influenced directly through actions such as re-instating woody debris, re-
shaping channels to reinstate pools and riffles, adding or protecting habitat features, and restoring
riparian and aquatic vegetation. However, the long-term condition of these habitats also depends on
broader catchment hydrology, sediment supply and water quality.

21.4 Catchment Hydrology

e Frequency, magnitude, and duration of runoff events - These aspects determine how
often, how much, and for how long runoff occurs in a stream, influencing sediment transport,
erosion, and habitat stability.

e Predictability of flow - Predictable flows maintain stable habitats and allow organisms to
adapt to expected conditions, while unpredictable flows can lead to habitat disruption and
increased stress on aquatic species.
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e Influence of groundwater - Groundwater contributions help sustain base flow during dry
periods, maintain cooler water temperatures, and provide a stable habitat for aquatic life.

Catchment hydrology can be shaped by changes in land use, which affects the hydrological regime,
alters flow patterns, sediment load, and nutrient input. Urbanisation typically increases runoff and
reduces groundwater recharge, impacting stream flow and water quality. Hydrology can be improved
through integrated water management (e.g. stormwater retention and reuse, implementation of Nature
Based Solutions (NbS), protecting recharge areas and wetlands, and managing abstractions).

2.1.5 In-stream Hydraulics

e Water Velocity: Influences sediment transport, habitat quality, and the distribution of aquatic
organisms.

e Water Depth: Affects the availability of different habitat types.

e Turbulence: Plays a role in oxygenation and nutrient mixing.

e Benthic Shear Stress: Impacts substrate stability and benthic community structure.

In-stream hydraulics are strongly influenced by the channel geomorphic structure and form, in-stream
conditions related to sediment, habitats and refugia areas, and connectivity and safe passage for
fauna. In-stream interventions can influence these but there may be only limited improvement in the
ecological health and macroinvertebrate diversity if catchment-scale improvements in hydrology and
water quality are not made.

2.1.6 Water Quality

e Suspended particles - Suspended particles, including sediment and organic matter, can
increase turbidity, reduce light penetration, and negatively impact aquatic life by smothering
habitats and clogging fish gills.

e Nutrients - Excessive nutrients, such as nitrogen and phosphorus from agricultural runoff and
urban waste, can lead to eutrophication, causing algal blooms that deplete oxygen levels and
harm aquatic organisms.

e lonic composition and concentration - The ionic composition, including salts and minerals,
affects the water’s conductivity and can influence the health of aquatic ecosystems by altering
the osmotic balance of aquatic organisms.

e Dissolved oxygen/BOD - Dissolved oxygen (DO) is critical for the survival of aerobic aquatic
organisms. Biochemical Oxygen Demand (BOD) measures the amount of oxygen required by
microorganisms to decompose organic matter in water, with high BOD levels indicating
potential oxygen depletion.

e Toxicants - Toxicants, such as heavy metals and synthetic chemicals, can have acute and
chronic toxic effects on aquatic life, bioaccumulate in the food web, and pose risks to both
environmental and human health.

Pollutants from urban runoff, such as nutrients, heavy metals, and organic contaminants, degrade
water quality, impacting aquatic life and human health. Water quality can be improved through
pollution prevention, treatment systems, source control, riparian buffers and better stormwater and
wastewater management. .

2.1.7 Sediment Quality

e Particle Mineralogy - The mineral composition of sediment particles affects the chemical
interactions within the stream, influencing nutrient and contaminant availability.

e Carbon Content - Organic carbon in sediments provides a food source for microbial
communities and plays a crucial role in nutrient cycling and organic matter decomposition.

e Redox Potential/DO - Redox potential and dissolved oxygen levels in sediments determine
the chemical conditions, influencing the availability and mobility of nutrients and
contaminants, as well as the types of microbial processes that can occur.
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e Toxicants - Toxic substances such as heavy metals and synthetic chemicals can accumulate
in sediments, posing risks to benthic organisms and potentially entering the food web,
causing long-term ecological impacts.

Sediment quality is closely linked to overall water quality particularly in relation to a balance of nutrient
cycling and oxygen levels. Management practices can influence sediment quality by reducing
sediment and contaminant inputs at source, stabilising eroding banks, remediating contaminated
sediments where feasible, and improving water quality and oxygen availability.

2.1.8 Riparian Habitat/Buffer

e Width/Completeness - The width and continuity of riparian buffers influence their
effectiveness in filtering pollutants, providing habitat, and stabilising stream banks. Wider and
more continuous buffers are generally more effective in performing these functions.

e Food Supply - Riparian zones provide essential food resources through leaf litter and
organic debris that enter the stream, supporting the aquatic food web and contributing to
nutrient cycling.

e Habitat Supply - Riparian habitats offer shelter and breeding sites for a variety of terrestrial
and aquatic species, promoting biodiversity and ecological resilience. Large woody debris
from riparian areas also enhances in-stream habitat complexity.

e Channel Form and Stability - Riparian vegetation stabilises stream banks through root
systems that bind soil, reducing erosion and sedimentation. Stable channels with natural
forms support diverse habitats and improve water quality.

e Micro-climate - The riparian canopy regulates the micro-climate by providing shade, which
reduces water temperatures, controls light penetration, and influences humidity levels along
the stream corridor, benefiting both aquatic and terrestrial organisms.

Riparian habitat is important for maintaining water quality and bank stability as well as providing
habitat, and is easily impacted by development and changes in land use. Protection and restoration
of riparian buffers are among the most effective and manageable interventions for improving stream
health in urban settings.

2.1.9 Continuity & Barriers

e Proximity to other ecosystems: Connectivity with other habitats supports biodiversity and
ecological processes.

e Barriers to biota movement: Physical obstructions such as dams and culverts can impede
the movement of aquatic organisms, affecting population dynamics and genetic exchange.

Continuity and barriers can be influenced through careful design of new infrastructure, retrofitting or
removal of existing barriers, provision of fishways or nature-like bypass channels, and restoring
floodplain and wetland connections.

When developing an approach for stream restoration or rehabilitation, different solutions can be put in
place which consider the wider ecosystem, and the impacts downstream of the interventions. With
stream rehabilitation, actions in the catchment to reduce velocity of run-off can improve erosion
control of a stream. Understanding the range of factors that influence stream and wetland health is
important in determining the degrading factors in an ecosystem improvement project and determining
an appropriate recovery target and trajectory (remediation, rehabilitation, or restoration). In reality
many stream ecosystem improvement initiatives will need to balance remediation works (e.g. critical
bed and bank erosion control - remediation) against protection of high value areas elsewhere in the
catchment.
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2.2 Wetland Ecosystems

Wetland ecosystems include floodplain forests, swamplands (trees and shrubs), and marshlands
(non-woody vegetation). In urban and peri-urban settings, wetlands often support multiple uses and
values, and it may be desirable to maintain some productive uses despite the ecological impacts.
Wetlands can be zoned and classified under a range of typologies, including:

e Conservation wetlands — focus on ecosystem protection; uses may include artisanal fishing
and sustenance activities.

e Wastewater treatment wetlands — highly modified or constructed systems that receive
turbid water, urban drainage, and industrial and domestic wastewater.

e Productive wetlands — wetlands used for rice, vegetables or other crops, fish production,
and duck farming.

e Recreational wetlands — wetlands managed for tourism and amenity.

In many locations, wetlands occur as a mosaic, where one wetland type provides buffering or
transition functions for another (for example, a recreational wetland buffering a conservation wetland,
or a treatment wetland upstream of productive wetland areas). Because initiatives can occur on both
public and private land, it is important to understand land tenure arrangements and how wetland
zoning and permitted uses apply. Ideally, decisions about wetland zoning and purpose are informed
by community consultation. As with all ecosystem improvement projects, monitoring is needed to
confirm whether restoration, rehabilitation, or remediation actions are achieving the intended
outcomes. The Index of Stream Condition and Index of Wetland Condition are_examples of tools that
can be adapted for this purpose.

There are nine key factors influencing wetland ecosystem health (Table 3). Several overlap with
stream factors (Table 3), while others are more specific to wetlands (for example, inundation patterns
and basin flow patterns). In Table 4, blue shading indicates factors mainly influenced by processes
within the wetland (such as basin shape, in-wetland habitat structure and internal water movement),
white shading indicates factors mainly influenced by the wider catchment (such as land use, rainfall-
runoff processes and groundwater inputs), and yellow shading indicates biological factors that
respond to physical and chemical conditions.

Table 3. Factors influencing wetland ecosystem health. Adapted from Breen and Lawrence (2006)

Biological Plants & Animals Geomorphology Basin Soils/Sediments
> Reproduction » Catchment geology > Particle size of
> Emigration/immigration > Position in catchment benthos
> Competition > Basin bathymetry > Organic content of
> Predation > Spatial complexity benthos
(peripheral length/area > Redox potential/DO
ratio) » Toxicants
Catchment Hydrology Inundation Pattern (wetting and Basin Flow Patterns
> Frequency, magnitude | drying) for vegetation type > Position and number
and duration of runoff » Maximum water depth of inlets/outlets
events > Water level variation » Mixing/Short-circuiting
> Predictability of flow pattern > Winding mixing
> Influence of » Seasonality/predictability > Vegetation
groundwater of inundation patterns/hydraulic
> Duration of dry phase roughness
> Drains influencing
inundation patterns
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> Leveesffill influencing
basin inundation and
hydrodynamics

Water Quality Buffer Zone In-basin Habitat
» Sediment > Width » Sediments
load/Suspended » Completeness > Vegetation (algae,
particles > Quality/Weed content submerged, floating
> Nutrients and emergent aquatic
> lonic composition and macrophytes, trees
concentration > Large woody debris

> Dissolved oxygen/BOD
> Toxicants

Details on each of the factors are provided below derived from Jain and Carpaij (2020); Victorian
Government (2011); Wong (2006).

2.2.1 Biological Plants & Animals

1. Reproduction: The ability of plant and animal species to successfully reproduce affects
population sustainability and genetic diversity within the wetland ecosystem.

2. Emigration/immigration: Movement of species in and out of the wetland influences genetic
exchange, population dynamics, and ecosystem interactions.

3. Competition: Species compete for resources such as light, nutrients, and space, which
shapes community structure and biodiversity.

4. Predation: Predators regulate prey populations, contributing to ecological balance and
influencing species distribution and abundance.

The status of wetland plants and animals, such as whether they can reproduce successfully, move
between habitats, compete for resources and maintain predator—prey relationships, provides a direct
indication of ecosystem health, but should be interpreted alongside hydrology, habitat condition, water
quality and connectivity that drive change.

2.2.2 Geomorphology

1. Catchment geology: The geological characteristics of the catchment area determine soil
types, nutrient availability, and water retention capabilities, affecting wetland formation and
sustainability.

2. Position in catchment: Wetland location within the catchment area influences water inflow
patterns, sediment deposition, and nutrient dynamics.

3. Channel characteristics: Features like channel depth, width, and gradient impact water flow,
sediment transport, and habitat diversity within the wetland.

4. Basin bathymetry: The depth and shape of the wetland basin affect water depth,
temperature, and habitat availability for aquatic organisms.

5. Spatial complexity: The peripheral length-to-area ratio of the wetland influences edge
effects, habitat heterogeneity, and species interactions.
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Wetland geomorphology, including catchment geology, basin shape, bathymetry and soil
characteristics, affects water retention, flow pathways and plant zonation, and can be altered by land-
use change, sedimentation or excavation.

2.2.3 Basin Soils/Sediments

1. Particle size of benthos: Sediment particle size affects water clarity, nutrient cycling, and
habitat suitability for benthic organisms.

2. Organic content of benthos: High organic content supports microbial activity and nutrient
cycling but can also lead to hypoxic conditions if excessive.

3. Redox potential/DO: The oxidation-reduction potential and dissolved oxygen levels influence
chemical reactions, nutrient availability, and the survival of aerobic organisms.

4. Toxicants: The presence of pollutants can have detrimental effects on plant and animal
health, disrupting ecosystem functions and services.

Sediment particle size, organic content, redox potential and the presence of toxicants determine the
suitability of benthic environments for plants and animals and can affect nutrient cycling, with
contamination often accumulating from catchment pollutants.

2.2.4 Catchment Hydrology

1. Frequency, magnitude, and duration of runoff events: These hydrological characteristics
determine water availability, sediment transport, and nutrient input into the wetland.

2. Predictability of flow: Consistent flow patterns support stable wetland conditions, whereas
unpredictable flows can cause stress and habitat alteration.

3. Influence of groundwater: Groundwater contributions maintain wetland hydrology during dry
periods, supporting base flow and ecological resilience.

The frequency, magnitude and duration of runoff events, together with groundwater inputs, shape
wetland inundation and drying cycles, and can be significantly modified by urbanisation through
increased runoff, reduced infiltration or changes in baseflow.

2.2.5 Inundation Pattern (Wetting and Drying) for Vegetation Type

1. Maximum water depth: Influences the types of vegetation that can establish and thrive,
affecting overall biodiversity and ecosystem structure.

2. Water level variation pattern: Seasonal and inter-annual fluctuations in water levels
determine habitat availability and species composition.

3. Seasonality/predictability of inundation: Predictable inundation patterns allow for the
adaptation of plant and animal species, promoting ecological stability.

4. Duration of dry phase: Periods of dryness can limit aquatic species but may benefit
terrestrial plants, influencing wetland dynamics and succession.

The timing, depth, duration and seasonality of inundation determine which plant communities and
fauna the wetland can support, and disruptions to these patterns can shift vegetation structure and
reduce ecological function.

2.2.6 Basin Flow Patterns

1. Position and number of inlets/outlets: These determine water flow paths, sediment
distribution, and nutrient cycling within the wetland.

2. Mixing/short-circuiting: Effective mixing enhances nutrient distribution and water quality,
while short-circuiting can lead to localised nutrient and pollutant accumulation.

3. Winding mixing: Increases water residence time, promoting nutrient uptake and sediment
settling.

4. Vegetation patterns/hydraulic roughness: Vegetation influences water flow velocity and
sediment trapping, enhancing habitat complexity.
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5. Drains influencing inundation patterns: Artificial drains can alter natural hydrology,
affecting wetland function and health.

6. Levees/fill influencing basin inundation and hydrodynamics: Levees and fill structures
modify water flow, sediment transport, and habitat availability.

Flow paths within the wetland, including inlet/outlet configuration, mixing, short-circuiting, vegetation
roughness and internal circulation, affect residence time, treatment performance and habitat
distribution, and are influenced by design, drains, levees or infilling.

2.2.7 Water Quality

1. Sediment load/suspended particles: High sediment loads can reduce water clarity and light
penetration, impacting photosynthesis and aquatic life.

2. Nutrients: Excessive nutrients can lead to eutrophication, algal blooms, and hypoxia,
disrupting ecological balance.

3. lonic composition and concentration: The chemical makeup of water affects species
composition and ecosystem processes.

4. Dissolved oxygen/BOD: Adequate oxygen levels are essential for aerobic organisms, while
high biological oxygen demand (BOD) indicates organic pollution.

5. Toxicants: Pollutants such as heavy metals and pesticides can harm biota and reduce
biodiversity.

Water quality, including suspended sediment, nutrients, ionic composition, dissolved
oxygen/biochemical oxygen demand and toxicants, affects wetland plants and animals both directly
(through stress and toxicity) and indirectly (through algal blooms, oxygen depletion and reduced light).
This is often driven by urban runoff, causing algal blooms, oxygen depletion and stress to aquatic
organisms.

2.2.8 Buffer Zone

e Width: A wider buffer zone provides greater protection from external impacts, such as
nutrient runoff and sedimentation.

e Completeness: An intact buffer zone supports habitat connectivity and biodiversity,
enhancing ecosystem resilience.

e Quality/weed content: The presence of native vegetation and absence of invasive species
contribute to a healthy buffer zone, supporting ecological functions.

The buffer zone (its width, completeness and vegetation quality) protects wetlands by filtering
sediments and pollutants, reducing edge disturbance, supporting habitat continuity and limiting weed
invasion, and is strongly influenced by land use and development decisions around the wetland.

2.2.9 In-basin Habitat

1. Sediments: Sediment characteristics influence habitat quality, nutrient cycling, and the types
of organisms that can inhabit the wetland.

2. Vegetation: Different types of vegetation (algae, submerged, floating, emergent aquatic
macrophytes, trees) provide habitat, food, and oxygen, supporting diverse biotic communities.

3. Large woody debris: Provides habitat complexity, refuge, and food sources for various
aquatic and terrestrial organisms.

The diversity and condition of wetland habitats such as submerged vegetation, emergent plants, large
woody debris and sediment composition provides food resources, shelter and breeding habitat. In
basin habitat is shaped by inundation regime, internal flow patterns, water quality and management
actions such as revegetation and weed control.
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Planning procedures

Figure 1 illustrates a comprehensive approach to urban stream and wetland restoration, rehabilitation, and remediation. It highlights key stages and feedback
loops necessary for successful ecological interventions.

The diagram emphasises the importance of feedback loops between stages, particularly between feasibility assessments to stakeholder consultations, and
monitoring and evaluation informing design, implementation maintenance as well as stakeholder consultations and vision development

Problem Identification
by Government or
Community

Direct technical feedback that
—_— informs the stakeholders, the
vision, and the design

Construction stage feedback to
Functional and Detailed Design

----- > (this is important for both
contemporary and future
designs)

Monitoring and evaluation is
crucial for both determining the
success of current projects and
improving the success of future
projects. There is a clear short
term feedback between
monitoring and maintenance.

Development

Maintenance experience is crucial in
the overall cycle of rehabilitation
ecology. Maintenance demand is
important in determining:

1. Stakeholder expectation and
Project Vision,

2. Selection of potential
interventions,

3. Functional and Detailed Design

Figure 1. Key stages and feedback loops
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3 Problem identification

The process of problem identification starts with site assessment and data collection to understand
the physical, chemical, and biological conditions of the urban wetland or stream to better understand
water quality, sediment characteristics, vegetation and wildlife. Data collection can include reviewing
historical data and records to understand past conditions and changes over time. Information can also
be gathered from local communities, government agencies, NGOs, and other stakeholders to gather
insights and perspectives.

Common issues include pollution, habitat destruction, weather events, altered hydrology, and invasive
species. Identifying the root causes of these specific issues that are degrading the health and function
of these ecosystems such as land use changes, agricultural practices, or industrial activities, is
essential for developing effective solutions. Prioritising problems based on their severity and impact,
along with the feasibility of delivering successful interventions is essential (Jain & Carpaij, 2020;
Victorian Government, 2011; Wong, 2006). . Effective solutions address root causes e.g. land use
changes and industrial activities. However, prevention of damage is the cheapest form of
environmental protection.

Key questions to ask when identifying the problems causing urban wetland and stream degradation include:
e Does experience or knowledge of the problem suggest a likely cause?

e |s it possible to verify that any anecdotal changes are real? For example, local community
observations of changes need to be respected, however the causes of these changes may not
necessarily always be accurate.

e |s there evidence to the root problem in distribution of organisms (e.g. difference in organisms above
or below a pollution source)?

e Has there been confirmation that identified problems are actual an issue (e.g. turbidity that is not
causing a problem; reduced species diversity due to the natural sandy stream bed)?

e What is the expected trajectory of the urban stream or wetland? Will they improve or degrade if there is
no action?

3.1 Common stream problems
Issues with urban streams commonly relate to geomorphology and water quality.

3.1.1 Geomorphology

Addressing geomorphic problems including channel incision, bank erosion, sediment slugs, and
channel widening are sometimes the best way to treat water quality problems.

Channel incision occurs when streams cut down into their beds, leading to deep, narrow
channels, that may slump leading to channel widening, leading to reduced connectivity
between the stream and its floodplain, loss of habitat, and increased erosion rates. This can
be due to changes in land use, increased runoff from urban areas, or removal of riparian or
catchment vegetation.

Bank erosion happens when the sides of a stream channel erode due to water flow, lack of
vegetation, or human activities such as urban construction or rural land use change. This can
lead to the loss of riparian habitat, increased sedimentation, and instability of the stream
channel.

Sediment slugs are large deposits of sediment that move through the stream system,
typically resulting from upstream erosion or land disturbances. These deposits can alter
channel morphology, reduce water quality, and bury aquatic habitats.
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3.1.2

Channel widening is a result of bank erosion, often as a response to increased flow or loss
of stabilising vegetation. It can lead to loss of riparian zones, habitat destruction, and
increased sediment load in the water (Rutherfurd et al., 2000a, 2000b).

Water Quality

Water quality problems that are commonly encountered in streams include turbidity, excess nutrients,
low dissolved oxygen, and toxicants.

Turbidity can result from soil erosion, construction activities, or urban runoff. High turbidity
reduces light penetration, affecting aquatic plants and animals, and can clog fish gills.

Excess nutrients, particularly nitrogen and phosphorus, enter streams from agricultural
runoff, sewage, and urban runoff. This can lead to algal blooms, which deplete oxygen levels
in the water, causing hypoxia and harming aquatic life.

Low dissolved oxygen levels can result from organic pollution, algal blooms, or reduced
water flow resulting in hypoxia can lead to fish kills and loss of biodiversity.

Toxicants polluting streams include pesticides, heavy metals, and industrial chemicals that
can enter streams through runoff or direct discharge These substances can cause damage to
aquatic life and pose health risks to humans (Rutherfurd et al., 2000a, 2000b).

3.2 Common wetland problems

The impacts of catchment land use changes are similar for streams and wetlands. Key similarities
are the changes in hydrology, sediment transport, water quality, and the propagation of weeds
associated with rural and urban development. Their expressions are often different in wetlands
compared to streams.

3.21

3.2.2

Geomorphology

Catchment Erosion impacts on wetlands by starting to fill the wetland basin at a rate greater
than the sediment export rate. As a result flow patterns within the wetland can change. Flow
patterns and pathways in a wetland are key factor in the wetting and drying pattern of a
wetland. Wetland wetting and drying patterns are a key factor in determining wetland
vegetation patterns.

Sediment Slugs as outlined above have a fundamental impact on wetland hydrology and can
influence the pattern of wetland hydrology and as such influence the distribution of vegetation
within a wetland. Sedimentation of wetlands also increases the nutrient load to the wetland
(discussed further below), but also changes the benthos conditions in a wetland. Sediment
slugs moving into a wetland can be a disturbance that allows weeds to follow the sediment
slug.

Geomorphological Changes can occur as a result of catchment land use changes. For
example increased sedimentation may result in a wetland becoming more ephemeral and
drier with increased vegetation, but increased urbanisation and runoff may flood a wetland
and result in a wetting system with less wetland vegetation and increased algal biomass.

Water Quality

Water Quality is like the fuel that determines the rate of change as a result of catchment land
use changes. Increased nutrient loading from catchment land use changes will generally
increase plant growth (many of these plants may be weeds). Wetlands are natural regulators
of water quality in a catchment. So if one wetland in a catchment is impacted (upstream), it is
likely that downstream wetlands will be progressively impacted.

Turbidity is a fundamental regulator of light availability in aquatic environments. As a result
turbidity influences the light availability for aquatic plant growth. Increased turbidity can
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influence both the growth and success of existing plants but more importantly the recruitment
of future plants.

Excess Nutrients is typically described as eutrophication. Eutrophication in wetlands
commonly results in a progressive change from a stable emergent aquatic macrophytes
(common in most healthy wetlands) to a more variable floating macrophyte or algal
dominated community that can result in a range of issues including odours and bio-toxicity.

Dissolved Oxygen variations are a major issue in wetlands in developed catchments. As

mentioned above increased nutrients can stimulate plant growth. This stimulate both plant
photosynthesis and plant respiration. This tends to reduce overall biodiversity to a pollution
tolerant community.

Toxicants can be a result of catchment development. As mentioned above, wetlands tend to
be a regulator of material transport within catchments. As a result if toxicants are being
released from developing catchments without treatment, natural wetlands within the
catchment will tend to trap and potentially accumulate these toxicants.

3.3 Lao PDR context

Urban stream and wetland degradation in Lao PDR is driven by a combination of technical, social,
and environmental factors:

1. Technical Factors:

o Altered Hydrology: Infrastructure development, such as roads and urban expansion,
alters natural water flows, affecting the hydrology of streams and wetlands. This
leads to issues like increased runoff, erosion, and sedimentation, degrading water
quality and habitat.

o Waste Management: Poor waste disposal practices, including dumping untreated
wastewater and solid waste into streams and wetlands, contribute to pollution,
eutrophication, and habitat destruction. An example of wetland functions supporting
positive water quality is in Luang Prabang, where wetlands form a network of ponds
that play a vital role in flood control, aquaculture, and wastewater treatment, making
them integral to the city’s classification as a UNESCO World Heritage Site (GRET,
2024).

o Sedimentation: Sediment accumulation due to upstream erosion from agricultural
activities clogs waterways, reducing their ecological function and leading to
degradation. Inter-annual variations in streamflow components from upland
agriculture also contribute to sedimentation (Ribolzi et al., 2008)

2. Social Factors:

o Land Use Changes: The conversion of wetlands for agriculture, fish ponds, and
urban development leads to habitat loss and disruption of ecological functions. This is
compounded by the lack of land use planning and enforcement of environmental
regulations. Integrated aquaculture-livestock farming is expanding near Nam Souang,
where irrigation canals supply ponds fertilised by livestock waste. These ponds often
fluctuate due to groundwater levels, requiring intensive management (Hortle et al.,
2013.; Miller, 2009).

o Inadequate Infrastructure: In many urban areas, there is insufficient infrastructure to
manage stormwater, waste, and wastewater, which results in untreated pollutants
entering water bodies.

3. Environmental Factors:
o Invasive Species: The introduction of non-native species can disrupt local
ecosystems by causing competition with native species and altering the natural

balance. For example the water hyacinth is an invasive species imported from
outside Laos, and is a major issue in urban streams and wetlands.
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Biodiversity Loss: Deforestation and biodiversity losses impact the ecology and
geomorphology of surface waterways and wetlands. Dense forest cover with a
canopy of over 70% decreased from 29.1% to 8.3%, impacting watershed health and
increasing sedimentation in wetlands (Koch, 2017)

Ecosystem Services: Degradation of waterways and wetlands impacts the provision
of ecosystem services, such as flood mitigation and water quality

Wetlands in Laos provide ecosystem services that service critical socio-economic
support functions, such as irrigation and aquaculture. Beung Kiat Ngong and Xe
Champone are two Ramsar designated wetlands, internationally recognised for their
environmental importance (Open Development Laos, 2018).

Climate Change: Climate variability and extreme weather events, such as flooding
and droughts, exacerbate the degradation of urban streams and wetlands by altering
water regimes and increasing pollutant loads.
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4 Stakeholder consultation and engagement
4.1 Processes for stakeholder engagement

Restoring, rehabilitating and/or remediating urban streams and wetlands is as much about people as
it is about engineering, science and construction (Rutherfurd et al., 2000b). Stakeholder consultation
helps practitioners understand local values and livelihood dependencies, identify risks and
constraints, and build shared ownership of the project outcomes.

Consultation should start early, before decisions are locked in, and continue through design,
construction and ongoing management. People experience flooding, heat, pollution and
environmental change differently, and not everyone has the same ability to take part or benefit. This is
why inclusive engagement matters (Nguyen-Trung., et al, 2025).

4.1.1 Principles for inclusive and meaningful engagement
Some key principles for inclusive and meaningful engagement include (Nguyen-Trung., et al, 2025):

e Fairness (equity, not just “treat everyone the same”): Provide the right support so
different people can participate and benefit (e.g., transport support, childcare, accessible
venues, interpreters, flexible times).

e Respect and local knowledge: Value lived experience, languages and local knowledge,
including how the stream/wetland used to function and what solutions have worked in
practice.

e Real say in decisions: Make sure people can influence decisions—not just comment on a
near-final plan.

e Share benefits and manage impacts: Be clear about who benefits and who might be
negatively affected (e.g., changed access, restrictions, impacts on livelihoods). Agree ways to
reduce impacts and provide support where needed.

e Include people with disability: Involve people with disability from the start (“nothing about
us without us”). Use accessible venues and materials, provide communication support (e.g.,
Easy Read, Auslan/sign language), and cover participation costs where appropriate.

4.1.2 Planning stakeholder engagement

Before beginning, a simple stakeholder engagement plan should be developed that matches the scale
and risk of the project. This should include:

e Define the aims of the consultation including what decisions are open for input, and what is
already fixed.

e Identify all groups who use, manage, own, or are affected by the stream/wetland
(including women, people with disabilities, youth, ethnic groups, informal users, landowners,
livelihood users, and relevant agencies).

e Understand who has power to support or block the project, and why (e.g., political
influence, land ownership, legal responsibility, money, infrastructure control, or local standing)
(Rutherfurd et al., 2000Db).

e Choose methods that fit the context (e.g., meetings, interviews, focus groups, surveys,
participatory mapping, workshops).

e Identify barriers that might stop people participating (time, transport, cost, safety, disability
access, language, childcare) and budget to address these.

e Explain how input will be used including how it is recorded, reported back, and reflected in
decisions.

4.1.3 Build support and shared ownership

Cultivating allies to support urban wetland and stream restoration could have the following
approaches that often help build support include (Rutherfurd et al., 2000b):

e identify important species, habitats, or places people care about (e.g., fish, birds, culturally
important plants, community spaces);
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e explain co-benefits in clear terms (e.g., reduced flood risk, cleaner water, cooler public
spaces, better habitat, stronger livelihoods);

e co-develop the project vision and priorities with stakeholders; and

e share clear, easy-to-understand information about goals, expected benefits, risks, and trade-
offs.

4.1.4 How to run inclusive and participatory consultation

Initial discussions should be held with all relevant stakeholders at the right levels (for example
provincial, district and village/community). The purpose is to understand the current situation and
agree on realistic actions. Consultation should cover:

e current condition of the stream/wetland and how it has changed over time;

e land and water uses, access arrangements and ownership/tenure issues;

e main drivers of degradation (e.g., pollution sources, drainage changes, encroachment,

erosion, invasive species); and
e locally supported priorities and options for action.

Box 1 provides a checklist of questions to inform the consultation process.

To support meaningful participation:

e Use FPIC where relevant: If decisions will affect rights, access, or customary use, apply
Free, Prior and Informed Consent (FPIC) principles.

e Meet people where they are: Hold consultations at convenient times and locations that do
not disrupt livelihood activities and are safe and accessible for women and other groups.

o Use skilled facilitation: Use facilitators who actively invite input from quieter participants and
manage power imbalances. If needed, hold separate group discussions (e.g., women’s
groups, disability groups, youth groups) so people can speak freely.

e Communicate clearly: Use plain language, diagrams and visuals; provide
translation/interpretation where needed; and share materials in accessible formats.

e Close the loop: Report back on what was heard, what decisions were made, and why.

Box 1. Suggested checklist for initial stakeholder consultations

e How long have you lived in the area? What changes have you observed over time?
What are the main livelihood sources for your household?

Do you use the wetland/stream? If yes, for what purposes (e.g., fishing, irrigation, livestock,
vegetable collection, recreation)? How often?

e How has the condition of the wetland/stream changed (water quantity and quality, fish
abundance and diversity, useful plants, flood frequency/extent)?

e What are the major challenges and drivers of degradation (e.g., pollution sources, land use
change, encroachment, drainage, invasive species)?

e What are the key barriers to conservation and management (e.g., unclear tenure, lack of
enforcement, lack of resources)?

e What actions do you suggest for restoration/rehabilitation/remediation, and what should be
prioritised first?

e What rules or agreements might be needed for sustainable use (e.g., fishing seasons, net
sizes, access restrictions)?
How should the wetland/stream be monitored, by whom, and how will results be shared?

e Any other concerns or suggestions (including risks to specific groups, such as women,
people with disabilities, or minority groups)

For further guidance on incorporating GEDSI principles throughout the project lifecycle (planning,
design, implementation, maintenance and monitoring), refer to Inclusive and Equitable Urban Nature-
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based Solutions: A Practical Guide (Nguyen-Trung., et al 2025) and any project-specific GEDSI
guidance.

4.2 Formation of wetland and streams management committee

A wetland and stream management committee is a representative body established to coordinate,
oversee and support the conservation, sustainable use and equitable management of wetlands and
streams on behalf of all stakeholders.

Based on initial consultations, provincial/district and village authorities may facilitate the establishment
of a wetland and stream management committee (and, where needed, village-level sub-committees).
Where wetlands and streams cover large areas with many communities, it can be helpful to establish a
main committee at the wetland/catchment scale and sub-committees at village or neighbourhood level
(see Figure 2). The process should be participatory and transparent, with final membership agreed by
consensus. The committee should include representatives from all relevant stakeholder groups (e.g.,
livelihood users, adjacent landowners, infrastructure owners, and local authorities) and should aim for
strong representation from women and other underrepresented groups, including people with
disabilities and marginalised groups. Consider setting minimum representation targets (for example, at
least 50% women) and ensuring safe and accessible participation arrangements.

Village A
Wetland Village B
management Wetland
sub-committee management
sub-committee
Wetland/stream
Management Main
Village E Committee
Wetland (Representatives from
management —_— various stakeholders,
sub-committee including women union, Vi
. illage C
youth, village sub- \ Wetland

committees etc)

/

Village D
Wetland
management
sub-committee

management
sub-committee

Figure 2. Suggested structure of the wetland management committee and sub-committees
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Once formed, the committees should establish roles, responsibilities and rights for wetland
conservation, management and utilisation, which then need to be registered with the relevant provincial,
district and village authorities to be formally recognised.

Examples of roles and responsibilities (to be confirmed locally)

e Meet regularly (e.g., monthly) to discuss and decide conservation and management activities

e Support technical experts during assessments (e.g., data collection, site access, validation of
findings).

e Provide input to wetland and stream management plans, including land use planning
workshops.

e Support implementation of agreed actions (e.g., rehabilitation/restoration works, enforcement
of agreed land use plans).

e Develop and maintain community rules and regulations for wetland and stream conservation,
use and monitoring (e.g., fishing rules, seasonal access).

e Delineate agreed buffer areas around wetlands and along streams.

e Maintain buffer areas to avoid degradation (e.g., planting native vegetation, bioengineering
and erosion control).

e Monitor wetland and stream conditions (e.g., water quality, water levels/flows, invasive
species) and report issues early.

e Coordinate with provincial, district and village authorities on implementation and compliance.

e |ead awareness-raising activities on wetland and stream conservation and management.

e Support grievance handling and conflict resolution; report serious breaches to relevant
authorities where appropriate.

Successful rehabilitation projects rely on robust stakeholder engagement, encompassing local
communities, government agencies, and environmental organisations. A diverse representation
ensures that varying perspectives and needs are thoroughly considered. Table 5 provides an example
of stakeholders at central, provincial, district and village levels in Lao PDR and can be used to:

e clarify who is responsible for leading consultation at each level,

e check whether any important groups are missing (e.g., disability organisations, informal
users); and

e plan targeted engagement so the right people are involved at the right time

The green boxes in Table 4 indicate the consultation lead at each level

Table 4. Stakeholders involved at various levels and identified stakeholders at each level for carrying
out consultation in Laos.

Central Level Provincial Level District Level Village Level

Department of Water
Resources under Ministry
of Agriculture and
Environment

Provincial government
office

City Hall

Village Administration

Department of Irrigation
under MAE

Division of Natural
Resources and
Environment, Land and
Water Management
Board

Office of Natural
Resources and
Environment, Land and
Water Management
Board

under MAE

Department of Agriculture

Division of Agriculture
and Forestry

Office of Agriculture and
Forestry
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Department of
Environment under MAE

Provincial Women’s
Union

Women’s Union

Department of Forestry
under MAE

Division of Health and
Welfare

Office of the Secretary of
State

Faculty of Forestry
Science under NUOL

Division of Planning and
Investment

Planning and Investment
Office

National Agricultural Land
Management Department

Division of Public Housing
and Transport

Urban Development
Administration Authority

(DALAM) (UDAA)

Public Housing and
Transport

In addition to what has been outlined in Table 4, as directed by the Provincial Governor, the
Department of Agriculture and Environment has a central role in coordinating with relevant
stakeholders to implement urban wetland and stream initiatives. This coordination has included
organising meetings to define the rights and responsibilities of stakeholders in management and
implementation processes. Box 2 outlines details of developing a coordination committee at the
provincial level, and Box 3 provides examples of specific wetland committees in Luang Prabang and
Paksan.

Box 2. Provincial coordination committee (Paksan, Borikhamxay Province)

In Paksan (Borikhamxay Province, Lao PDR), the Provincial Coordinating Committee was
established through Board No. 258/KBS (30 April 2021). The committee includes representatives
from relevant provincial departments and district offices:

e Department of Agriculture and Environment (formerly Natural Resources and Environment;
and Agriculture and Forestry)

Deputy of District Governor

Provincial Women's Union

Department of Housing and Transport

Department of Health and Welfare

Department of Planning and Investment

Urban Development Administrative Authority

Agriculture and Environment Office formerly Natural Resources and Environment Office,
and Agriculture and Forestry Office, Paksan District

District Women's Union

Haupeang Management Committee

Land Management Committee in Nam Huai Phung area

Anti-Drought Disaster Management Committee

District-Level Committees

In addition to the provincial committee, the following district-level committees have been
established to address specific issues and ensure effective implementation at a more localised
level:

e Disaster Management Committee Against Drought and Flooding: Approved by the
District Governor of Paksan through Decision No. 441/MPS, dated 6 October 2023.

e Water Area Land Management Committee and Water Area Land Dispute Resolution
Committee: Approved by Mr. Pak San, District Mayor, through Decision No. 045/MP,
dated 10 January 2023.
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The committees have been tasked with the following:
1. Defining and coordinating roles and responsibilities for management and implementation.
2. Monitoring and evaluating the progress of relevant projects
3. Resolving disputes and ensuring equitable land and resource management.
4. Addressing disaster risks related to drought and flooding.

Box 3. Examples of wetland management committees in Lao PDR

Luang Prabang: Ban Mano wetland and pond network (WISE project)

Luang Prabang’s wetland and pond network is part of a UNESCO World Heritage setting and has
historically supported fish farming, rice cultivation, and other local livelihoods. Rapid urban
expansion has reduced pond numbers and contributed to water quality and maintenance issues, so
the WISE project is restoring ecological and socio-economic functions while integrating wetlands
into urban planning and supporting opportunities such as eco-tourism and urban agriculture.

The project has prioritised collaborative governance, working with local communities, the Ban Mano
wetland committee, local authorities and partners (including GRET) to guide decisions and sustain
long-term outcomes.

In practice, the committee provided a local platform to discuss priorities (e.g., pollution and stagnant
water), select suitable nature-based solutions, and coordinate implementation and upkeep—such
as supporting the selection and siting of a household greywater treatment demonstration using a
terraced sub-surface wetland and wicking bed, following facilitated community discussions.

Paksan (Borikhamxay Province): Haupeang wetland management within a multi-level
committee arrangement

In Paksan, wetland management is supported by a formal, multi-level committee structure that links
provincial coordination with local management. A Provincial Coordinating Committee (see Box 2)
was established under Board No. 258/KBS (30 April 2021), bringing together relevant provincial
departments and district offices and linking to local entities including the Haupeang Management
Committee (alongside other area-based committees).

District-level committees were also formed for practical implementation needs, including a drought
and flooding disaster management committee (Decision No. 441/MPS, 6 October 2023) and a land
management and land dispute resolution committee for the Nam Huai Phung area (Decision No.
045/MP, 10 January 2023).

Collectively, these committees were tasked with clarifying roles and responsibilities, monitoring
progress, resolving disputes and supporting equitable land/resource management, and addressing
disaster risks related to drought and flooding, functions that directly support sustained wetland and
stream management beyond initial project works.
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5 Vision and Strategic Plan Development

A vision should address key issues identified during stakeholder consultations and site assessments.
Development of a vision should have a clear target, and be inspiring, as well as actionable and
adaptable. By setting clear goals, targets and timelines, the vision serves as a guiding framework that
can be adapted as new information and challenges arise. This adaptive approach ensures urban and
stream restoration remains relevant and effective in the face of changing environmental and social
conditions (Rutherfurd et al., 2000b).

* Are you clear what you want to achieve in your stream or wetland (e.g. to return it to
something like its original condition, be able to catch native fish, have swimming holes back
again etc.)?

*  Will you know when your goal has been reached?

* Is your goal expressed in a way that provides an inspiring vision of the stream?

Examples of visions developed for rivers and wetlands with a diversity of stakeholders are provided in
Box 4.

Box 4. Vision examples from Australia, New Zealand and Lao PDR for rivers, basins and wetlands

Our Yarra River, Birrarung, is recognised around the world as an iconic example of a nurturing
relationship between a river and its community. Flowing from source to sea, it is the resilient
lifeblood of past, present and future generations of Victorians. It connects and enriches our
flourishing city, suburbs, regions and beyond (Victoria State Government, 2023).

Together we value, protect and restore the mauri of the Rakitata ki uta ki tai, from source to sea.

Mauri is an essential element of the spiritual relationship of Kai Tahu with the awa (river),
embodying the physical and spiritual elements that make up the lifeforce of all things. All elements
of the natural environment possess a life force, and all forms of life are connected.

Ki uta ki tai is a philosophy that reflects the Kai Tahu view of environmental and resource
management. It is a traditional concept that encompasses kaitiakitaka (guardianship) from the
mountains and great inland lakes, down the rivers to hapua (lagoons), wahapu (estuaries) and to
the sea. Ki uta ki tai encapsulates the interconnectedness of the whole environment and the need
for an integrated approach in managing the awa (NZ Department of Conservation, 2024).

Healthy wetlands and waterways interconnected across the southern Murray Darling Basin
providing high quality habitat for indigenous species. Traditional Owners are engaged in landscape-
scale ecological restoration and management of country that supports opportunities to practice their
living culture (Wetland Revival Trust, 2022).

The Nam Xam River Basin Plan vision is a clean, pollution-free Nam Xam River Basin that can
conserve biodiversity, support abundant livelihoods and agriculture for all its residents and be an
ecotourism destination (The Laotiane Times, 2023)

The strategic vision of the Nong Bong Kai Ramsar site is “to have abundant water bird and fish
species and to increase the natural heritage and beauty of Nong Bong Lake for ecotourism”
(Trisurat, 2006).
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Although a vision should include a recognisable endpoint, it does not have to be very detailed, or
even achievable, but provides an idealised goal to work towards (Rutherfurd et al., 2000b). Turning a
vision into reality requires development of a strategic plan that outlines timelines, responsibilities, and
resources required. In Lao PDR, management plans are developed by stream and wetland
management committees (see example in Box 5).

Box 5. Huay Peung Wetland Management Plan (Paksan District, Bolikhamxay Province, Lao PDR)
What it is

The Houay Peung Wetland Management Plan (Department of Climate Change, 2023) sets out a 5-
year program of work (2023—-2028) to guide coordinated action by government agencies, villages
and other stakeholders.

Why it matters

Houay Peung is connected to the Mekong River and functions as an irrigation reservoir and flood
management asset. Wetland area varies seasonally (about 289.84 ha in the dry season and 831.47
ha in the rainy season).

Vision and objectives

The plan’s vision is to support ecosystem protection, agricultural stability, sustainable tourism, and
flood resilience. Its specific objectives include reducing flooding, improving dry-season water supply
for agriculture, maintaining and restoring wetland ecology, and developing ecotourism over time.

How the plan was developed

The plan was prepared through data collection and consultations across provincial, district and
village levels, involving agencies such as Provincial and District Offices of Agriculture and
Environment (formerly the Provincial Office of Natural Resources and Environment (DONRE), and
Provincial Office of Agriculture and Forestry (PAFO)) and village authorities, with technical support
(including NUOL).

This wetland management plan was tailored to align with ongoing projects and initiatives, including
collaborations with private sector entities and hydropower projects. Key projects include:
e Nam Neng 1 Power Generation Project
Nam Theun Hinboun Power Generation Project
Nam Phao Power Generation Project
Nam Theun 1 Power Generation Project
Mang Hydroelectricity Project
Cho Hydroelectricity Project

By linking restoration efforts with these projects, the management plans ensure sustainable
resource use while addressing environmental and social impacts associated with development
activities.

What the strategic plan includes

It defines four priority programs and associated activities and responsibilities: flood and drought
mitigation (e.g., infrastructure planning, flood warning systems, land-use rules), water supply for
agriculture (e.g., storage/retention, gates, wastewater treatment planning), ecological restoration
(e.g., sediment and invasive plant management, buffer zones), and long-term ecotourism
development (e.g., viewing points, lotus “sea”, capacity building, and mechanisms such as
PES/carbon markets).

Implementation and monitoring
The plan also sets expectations for routine and periodic inspections, plus annual monitoring and
reporting against indicators aligned to the four programs
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The vision for urban stream and wetland restoration in Lao PDR focuses on addressing critical
ecological, social, and economic challenges identified during stakeholder consultations and site
assessments. The vision serves as a framework for restoration efforts, emphasising adaptability to
local conditions and evolving priorities. A participatory approach involving diverse stakeholders
ensures the vision reflects collective aspirations and fosters shared ownership of restoration
objectives.

Key components of the vision include:

e Restoration of Ecosystem Functions: Rehabilitating streams and wetlands to improve
water quality, enhance biodiversity, and regulate hydrological cycles.

e Community and Livelihood Benefits: Strengthening local livelihoods through sustainable
management of natural resources.

o Resilience to Climate Change: Integrating nature-based solutions to mitigate climate risks
such as floods and droughts.

The management plans for urban stream and wetland restoration in Laos are guided by a robust
legislative framework and developed through a multi-tiered stakeholder engagement process. The
plans integrate local and national priorities, emphasising compliance with relevant laws and decrees,
while ensuring participation from stakeholders at the central, provincial, and district levels (refer to
Table 1).
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6 Selection of Potential Interventions

With vision and problem identification identified, the relevant interventions to restore, rehabilitate or
remediate an urban stream or wetland can be selected.

Some broad principles when considering potential interventions include:
® Can the problem be addressed at the source e.g. land use, catchment scale?

® (Can the existing hydrology be maintained, or does it need to be modified to address the
problem?

® What are the trade-offs for hydrological, and in-stream and/or in-wetland interventions vs
interventions at the catchment scale (e.g. structures can be built to reduce erosion, but they
may not sustain biodiversity if slugs of sediment are coming from upstream)?

Is the intervention going to be preventative or just addressing symptoms?

Prevention of degradation in the stream or wetland catchment area is always simpler and cheaper
than rehabilitating, remediating or restoring ecosystems. Managing the catchment hydrology through
both social and technical approaches can provide a longer term solution. However, it may be
impractical as catchment level actions requires large scale investment and coordination. Nonetheless,
when catchment areas are small there are increased options for upstream interventions (e.g.
reforestation, buffer zones, etc.).

6.1 Addressing roots causes and immediate issues

Interventions within a wetland or stream may only deal with the symptom and not address any of the
drivers that are the root of the problem. For example, stabilising the channel can prevent bank erosion
in the short to medium term, but high velocity flows from upstream may still result in stream
degradation.

An approach that can be put in place treating the root causes and the symptoms is a combination of
management interventions including:

Best management practices which are determined based on scientific research and experience and
are suitable for implementation across different contexts. For example, an approach to stream
rehabilitation can be through weed control using manual, mechanical, chemical or biological
approaches. Benefits in stream include improved habitat values, environmental quality and natural
ecosystem function of rehabilitated site. There are also benefits beyond the specific site, including
increase dissolved oxygen levels, native predator abundance, aquatic habitat connectivity and
instream macrophyte establishment. At the same time there should be pressure reduction to reduce
the spread of weeds through improved wastewater management which can mitigate the level of
nutrients entering a stream (Queensland Department of Environment, Science and Innovation, 2022).

Engagement, extension and education can be part of stakeholder engagement building awareness,
enthusiasm, relationships, knowledge and capacity for improved management. Field days that
showcase rehabilitation options are more practical and useful for landholders than information
leaflets. Another example is citizen science monitoring programs, which offer a low-risk, no-regrets
approach (Queensland Department of Environment, Science and Innovation, 2022).

Systems repair involves improving processes and/or components of an ecosystem primarily through
natural means such as active revegetation in sites where vegetation cover has been removed and is
not growing back, and is needed to reduce soil erosion risk. Another example is the placement of
native hardwood timber on a riverbank to prevent bank erosion. There is a need to have an overall
understanding of the landscape and if the pressures that caused the problem remain. For example, if
there is grazing that reduces the effectiveness of the revegetation (Queensland Department of
Environment, Science and Innovation, 2022).
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Engineered solutions involve building engineered structures used to modify aquatic ecosystem
components and processes. These are usually put in place when disturbances cannot be dealt with
by systems repair approaches. An example is a rock chute which is a structure made of sloping rocks
used in streams and rivers to prevent erosion. It helps slow down the water and reduce the risk of
erosion, and channel incision that could affect downstream areas. Such structures can address the
problem on site but there can continue to be a larger problem in the catchment such as changes in
the flow regime and sediment transport (Queensland Department of Environment, Science and
Innovation, 2022).

Planning and institutional arrangements involves the use of regulatory planning, assessment,
approval, compliance and enforcement mechanisms administered by government. Rehabilitation
projects could be triggered by regulations, for example around water quality or water resource

planning. This is also dependent on the effectiveness of implementation of regulatory processes.

Examples of different management interventions related to best management practices, systems
repair and engineered solutions are outlined in Table x to Table x which are derived from Beesley et
al. (2018) and reflect the factors that influence urban wetland and stream ecosystems.

Interventions for wetland and stream restoration in Laos are designed to address environmental,
social, and economic challenges while aligning with restoration goals. Strategies focus on managing
catchment hydrology, reducing pollutants, restoring habitat complexity, community development,
investing and knowledge dissemination. These efforts combine best management practices, systems
repair, and engineered solutions to tackle both root causes and symptoms of degradation.

Key interventions for urban wetland and stream restoration put forward in stream or wetland
management plans include:

e Catchment and forest management
o Watershed management area development
o Forestry protection and conservation in upper streams/headwaters
o National park and protected area management
o Establishing and managing protection/buffer zones

e Ecological restoration
o Tree planting, reforestation, and ecosystem rehabilitation
o Restoration and management of protected forests and riparian vegetation

e Community engagement and rural development
o Community rural development activities that support stewardship

o Providing knowledge and raising community awareness on environmental protection
(e.g., chemical use, waste management)
o  Supporting community participation through local groups and committees

e Sanitisation and cleanup
o Removal and management of invasive plants
o Cleanup of waste and sediment in waterways and wetland areas

e Land use, investment, and tourism development
o Land use management and land allocation controls
o Investment management to avoid impacts and support restoration outcomes
o Ecotourism development linked to wetland and stream restoration

e Legislation, compliance, and governance
o Developing and strengthening legislation and regulations for waterways and land
around water bodies
o Establishing canal/stream/wetland management committees
o Monitoring, patrolling, and enforcement within project areas
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Box 6 provides examples of intervention packages drawn from two stream management plans in Lao
PDR. Together, they show how plans typically combine on-ground works (e.g., stream cleaning,
habitat protection) with land use controls, community engagement, and governance measures—
tailored to local risks and priorities.

Box 6. Examples of potential interventions from Lao PDR stream management plans

Stream management plans for Houay Ngang and Houay Khi La Meng provide practical, locally
developed examples of potential interventions that combine on-ground works (e.g., cleaning, bank
stabilisation, small structures) with governance actions (e.g., zoning, rules, monitoring). The
examples below illustrate how the intervention mix differs by site conditions and priorities.

Houay Ngang and Houay Khi La Meng Stream Restoration and Management Plan (Pakse
City, Champasak Province)

The plan aims to:

1. managing water resources (quantity and quality)
2. protecting and rehabilitating the stream ecosystem and biodiversity, and
3. integrated management to adapt to weather and climate change.

There is a strong emphasis on catchment-scale planning and zoning as core interventions,
alongside on-ground works. Examples of interventions include:

e Identify and protect upstream water resource zones (mapping and agreement processes),
to support long-term water security and reduce downstream impacts.

e Survey priority water resource areas (including upstream) to inform allocation and
management decisions.

e Land use survey and participatory planning with communities to support protection and
development actions that fit local conditions.

(Department of Climate Change [Lao PDR], 2025a)

Houay Khi La Meng Stream Restoration, Management and Utilisation Plan
(Kaisonphomvihan City, Savannakhet Province)

The plan aims to:

1. reduce flood problems,
2. protect water sources for agriculture, and
3. protect the environment and ecosystem

It also specifies practical management methods including community-based pollution control,
ecosystem protection, participatory mechanisms, and improved data/information for planning and
early warning.

The management plan for Houay Khi La Meng combines immediate physical works for flooding
with water-quality treatment and community behaviour change, supported by land use
management. Examples of interventions and activities include:

e Cleaning and removing debris throughout the stream and along streambanks, plus
unclogging the stream bed (using labour and machinery) to address flood risk and flow
capacity

e Establishing fish conservation zones (protect fish and natural plants) and improving water
quality using aquatic plants for wastewater treatment

e Preparing agricultural land allocation plans to clarify land use and buffers

e Training communities on waste management to prevent garbage entering the stream.

(Department of Climate Change [Lao PDR], 2025b)
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6.2 Tools for Intervention Selection

Selection should be guided by the tools that government and stakeholders already use to make
decisions—such as ministry guidelines and manuals, laws and legal agreements, and structured
engagement across national, provincial, district and community levels. Using these tools helps ensure
interventions are practical and suited to local conditions, while also aligning with national priorities and
regulatory requirements. In practice, this means drawing on a mix of instruments, including
international standards, directives, agreements and plans, guidelines, manuals and laws, and public
announcements.

1. International Standards

International standards provide frameworks for assessment and planning. Tools such as
Environmental Impact Assessment (EIA) are appropriate for feasibility studies, while Initial
Environmental Examination (IEE) may be used at the pre-feasibility stage. Participatory
methods include Rapid Rural Appraisal (RRA) and Participatory Rural/Relaxed Appraisal
(PRA), which are key tools in community-based projects and can ensure appropriate and
locally directed development.

2. Instructions and Directives

Resource management also involves specific orders and directives. For instance, the "Order
on Strengthening the Management and Inspection of Timber Harvesting, Timber Movement,
and Timber Business" ensures that timber is harvested, moved, and sold in a sustainable
manner.

3. Agreements and Plans

Agreements and structured plans guide land and resources use sustainably. Examples
include the land use planning manual developed by the Department of Land, agreements on
forest restoration and wildlife management. These agreements classify wildlife into prohibited,
management, and general categories, and also cover establishment of irrigation development
funds, management of nature tourism activities in protected areas.

4. Guidelines

Guidelines give action-oriented recommendations toward the implementation of interventions.
For example, village level forest management planning outlines strategies that conserve and
develop forest resources within communities in a sustainable way.

5. Manuals and Laws

The legal framework is very significant in shaping an intervention. Manuals and laws, as in
land management, forestry, and environmental management, will define boundaries or
standards for sustainability in practice.

6. Public Announcements

Public notices serve useful purposes to create awareness and impress the common
responsibility. Announcements for enhanced accountability in forest fire prevention and
dealing with encroachment of forest lands point toward natural resources protection.
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6.3 Intervention options

6.3.1

Repairing flow

Flow is the volume, velocity, frequency of flow pulses, the rate of flow rise and fall, and low-flow conditions within the channel. It affects the
depth and permanence of aquatic habitat, physical disturbance in the waterway and influences all of the components presented below
(Beesley et al., 2018).

Table 5. Site and catchment actions to repair flow to improve urban waterways and wetlands, adapted from Beesley et al. (2018)

Reduce the velocity of instream flow, e.g.

Allow natural self-adjustment of flow to slow
water velocity

Widen and curve the channel to slow flow and
increase area for water

Add large woody debris to create roughness
and turbulence

Engineering structures such as weirs

Roughen the channel using rocks and
macrophytes

Connect channels to floodplain

Create ponds and wetlands to store and slow
floodwaters

Revegetate riparian buffer to increase
roughness and slow velocity

Most effective where
catchment-wide stormwater
management has already
been implemented

Reduce flow volume, e.g.:

Harvest rainwater with tanks
and roof gardens

Infiltrate stormwater with
permeable paving

Infiltrate stormwater on
streets with swales, tree pits
and raingardens

Extend flow paths between a
sources (e.g. a road) and the
drainage point to increase
infiltration

Daylight pipes and remove
concrete lining to increase
infiltration potential

Detention basins to detain
stormwater

Biofiltration basins in areas
which receives most
stormwater

Redirect/retrofit of
subsurface drainage to
empty into wetlands or
vegetated swales

Suitability of the strategy

Most readily achieved where the
catchment is small with relatively
low imperviousness ( < 10 per
cent), such as in peri-urban areas,
because there are fewer
impervious surfaces and therefore
less stormwater that needs to be
attenuated.

Repair stream baseflow. e.g.

Actions less effective than
catchment-scale strategies.

Reduce the velocity of instream
flows, especially peak flows, and
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Remove concrete lining of the channel

Lower channel to reconnect stream with water
table

Planting on native deep-rooted trees with high
evaporative demand to reduce baseflow where
needed

This is because the height of

the local water table is likely
to be controlled by larger off-
site processes such as...

Slow the rate of flow rise and fall

e.g..

e Harvest, infiltrate and detain
stormwater to minimise
volume and reduce velocity

e Use of existing dams and
weirs to trap water

Suitability of the strategy

Reduce the frequency of flow
pulses, e.g.:

e Harvest, infiltrate and detain
stormwater across catchment
so rain events do not lead to
flood pulses

Repair stream baseflow, e.g.,

e Infiltrate stormwater
throughout the catchment

e Repair water infrastructure

e Reduce groundwater and
waterway pumping

e Supplement low flows from
upstream dam/weirs

e Controlled water release

e Periodic release of flushing
flows
e Avoid urban development in

areas with shallow
groundwater

The height of the local water table
is likely to be controlled by larger
off-site processes; hence actions
to repair baseflow at the site scale
are likely to be less effective than
catchment-scale strategies
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6.3.2 Repairing geomorphology

Geomorphology describes channel shape (width, depth, sinuosity), bed material and instream features (beds, bars, pools) and
sedimentation. It affects the complexity of instream physical habitat, and the depth, velocity and turbidity of instream flows. It also
influences lateral and vertical connectivity (Beesley et al., 2018)

Table 6. Site and catchment actions to repair geomorphology to improve urban waterways and wetlands, adapted from Beesley et al.
(2018)

Suitability of the strategy

Reduce flow volume and velocity, e.g. Most appropriate for small- and
medium-sized streams rather than

e Harvesting, infiltrating, detaining and disconnecting stormwater in the catchment this reduces velocity and ,
large lowland rivers.

erosive action

e Use of dams and weirs to dampen flood peaks, which reduces the scouring of downstream flows and their
erosive force on channel beds and banks

e Changing the shape of the channel and using instream structures will reduce the velocity of instream flow at the
site reducing erosive forces on the channel

Reduce fine sediment and promote coarse sediment. e.g. Most suitable for established urban

catchments that are starved of

coarse sediments (e.g. there are

e Encourage the channel to naturally self-adjust so bank sediments can be transported downstream where they few bars or benches made of sand
contribute to the construction of geomorphic units (riffles, banks, bars). or gravel in the channel).

e Ensure that construction sites use sediment control measures to prevent excess instream sedimentation. E.g.

e Protect headwater sources to provide a natural supply of coarse-grained sediments for downstream reaches

e Remove stormwater pipes and instream barriers in headwater areas to provide a source of coarse sediments for
downstream receiving waterways

e Gross pollutant traps are managed so coarse sediments are returned to the stream

e Manually add coarse sediment (clean gravel) to stream

Allow the channel to naturally self-adjust to altered flow, e.g. Suitable for sites where enough
space exists to allow channel
migration in relation to altered
e Recreate channel sinuosity to support the channel to create patches of erosion and deposition and start to adjust | flows, where the bed and bank

in @ more natural fashion material is erodible (i.e. gravel,
clay, sand, not bedrock)

e Remove channel hard lining as a more efficient and cost-effective approach to channel self-adjustment

e Increase the width of the riparian buffer so there is sufficient space for lateral channel migration

Mitigate erosion caused by urban infrastructure or head-cutting, e.g. Suitable for most sites, particularly
sites where stormwater pipes or
roads are present. Most effective
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Suitability of the strategy

Open bottomed culverts to reduce localised incision downstream

Put in place grade control structures (e.g. boulders, weirs) to protect these areas and limit incision from
spreading upstream.

if scouring flows have already been
repaired at the catchment scale.
The strategy is not appropriate if
the channel is hard lined with
concrete.

Stabilise the bank, particularly erosion hotspots, e.g.

Plant deep rooted trees and a range of vegetation in the stream-side zone to reduce the likelihood of bank
collapse

Macrophytes and other groundcover vegetation reduce bank erosion during high flow
Add large woody debris (LWD) to the channel to deflect scouring flows away from the bank
Use bark hardening techniques to stabilise stream banks (using geotextiles, retaining walls, tree revetment)

Engineering structures to stabilise stream banks by reducing near-bank shear stress, stream power and water
velocity.

Use of check dams to counteract erosion by reducing water velocity

Fencing riparian land restricts access to people and animals and prevents them from contributing to bank
erosion.

Suitable where the stream bed is
no longer undergoing marked
adjustment to urban flow

Increase geomorphic complexity, e.g.

Channel reconfiguration to undo damage from channel straightening
Create pool riffle sequence

Logs or boulder clusters creating patches of erosion (scour) and deposition which promote the formation of
pools and bars

Add gravel to the channel

Encourage the channel to naturally self-adjust, as channel banks can be a good source of coarse sediment for
the channel

Remove fine sediment from the channel manually or by using a controlled flushing flow to transport the fine
sediments onto the floodplain

Promote/protect trees and native vegetation along the bank stabilise the bank and encourage non-uniform
erosion

Where the waterway is straight and
has little to no geomorphic
complexity (e.g. channelised drain,
incised creek line with little habitat
complexity), and where some
attempt to repair scouring urban
flows has been made

Restore connection to the floodplain

Improve lateral connectivity to reduce the volume and velocity of streamflow in the main channel during flood
periods, which can help the recovery of geomorphology

Most suitable where channel
incision, levees or regulators have
disconnected the river from its
floodplain.
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6.3.3 Repairing longitudinal connectivity

Longitudinal connectivity describes how the river is connected along its length. This include the connectedness of flow from small
headwater streams to large lowland riverine sites. It influences the movement of food along the length of the river, as well as the
movement of biota both instream and on riparian land (Beesley et al., 2018).

Table 7. Site and catchment actions to repair longitudinal connectivity to improve urban waterways and wetlands, adapted from Beesley et
al. (2018)

Suitability of the strategy

Assist the in-stream movement of water and biota, e.g. Most appropriate where aquatic biota require

high rates of dispersal for ongoing persistence,
e Daylight or remove piped streams to create connectivity between the top of the stream network and angd where therepare importagt srﬁarljl isolated

lower reaches populations of biota.
e removal of artificial barriers or the creation of fishways improves the passage of fish and biota along the
length of the river

e Reduce road crossings to avoid disconnecting habitats
o Repair stream baseflow

e Improve instream cover e.g. logs, pools, macrophytes, overhanging vegetation) to support particular life
stages of, and provides shelter for, dispersing or migrating species.

o Repair streamside vegetation provides shading and structural cover that protects aquatic life
e Cold-water releases from dams may be used to facilitate fish migration

e Remove urban point source pollution (e.g. toxic chemicals, low oxygen, altered pH or conductivity,
macrophyte overgrowth) that deter or prevent the passage of animals.

Support the terrestrial movement of semi-aquatic biota, e.g. Most appropriate where the urban catchment
is fragmented by roads and when semi-aquatic

e Connect riparian corridors to support the movement of semi-aquatic and terrestrial biota biota have large home ranges, use riparian

e Reduce road crossings to avoid disconnecting habitats vegetation as movement corridors and are not
e Increasing the width and density of riparian vegetation buffer zones to create better movement corridor adapted to edge environments.
for wildlife

e Increase structural complexity of vegetation so that animals feel protected as they move through it.
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6.3.4 Repairing lateral connectivity

Lateral connectivity includes how a river is connected to the wetlands and floodplains either side of the river. It is the connectedness of the
flow between the main channel of the waterway and riparian land. It influences the velocity of instream flow, energetics, and nutrient and
sediment trapping. It also influences riparian health and functionality (Beesley et al., 2018).

Table 8. Site and catchment actions to repair lateral connectivity to improve urban waterways and wetlands, adapted from Beesley et al.
(2018)

Protect floodplain land and riverine wetland, e.g.

Protect low-lying floodplain areas from development as they are important sites of lateral connectivity

Protect/ create floodplain wetlands and other depressions as they are important habitats for biota, and
important sites of nutrient processing on the floodplain

Suitable where the catchment includes low-
lying land with a meandering channel

Improve water flow between the channel and floodplain, e.g.

Daylight buried streams to allow water in the channel to interact with the surrounding land.

Grading the bank to create a gentle slope between the riparian land and the urban waterway will improve
the likelihood of high flows going out into the riparian buffer

Reconfiguring the channel and lowering the floodplain can improve the lateral hydrologic connection.
Raise the channel by adding coarse sediment (e.g. cobbles, gravel) improve lateral hydrologic
connection

Artificial instream structures can be created that partially block flow and promote overbank flow into the
floodplain area

Rerouting a heavily incised channel to an adjacent piece of land that is less erodible will reduce future
incision and promote greater overbank flow

Remove levees and regulators as they provide a barrier to the flow of water from the main channel to the
floodplain

Most suitable where channel incision, levees
or regulators have disconnected the river from
its floodplain. This strategy is particularly
important for stream health where the
floodplain is well developed

6.3.5 Repairing vertical connectivity

Vertical connectivity describes the connectedness of surface and subsurface water in the channel. It influences the processing of nutrients
and other pollutants, and the depth of water during periods of low flow. It can also influence water temperature and biota (Beesley et al.,
2018).
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Table 9. Site and catchment actions to repair vertical connectivity to improve urban waterways and wetlands, adapted from Beesley et al.
(2018)

Repair the height of the water table, e.qg. Most suitable for waterways where the water

e Repair the height of the water table as it affects surface water/ groundwater interactions table is shallow

Slow flow, e.g. All sites, except those where flow has already
been slowed

e Slow flow by catchment wide harvesting, infiltration and detention of stormwater, this helps reduce the
velocity of instream flows and increases the potential for water to downwell into the hyporheic zone (the
area below the stream bed) -

e Slow flow using existing dams and weirs increases the potential for infiltration

Promote hydraulic diversity, e.g. Suitable only once scouring urban flows have

. . . . - . been repaired or if low flows occur for a
e Allow the channel to adjust naturally as increased geomorphic complexity promotes hydraulic diversity protractzd period each year. Most effective

(e.g. deep and shallow waters), which promotes the vertical exchange of water where the bed material is highly permeable
e Reconfiguring the channel to increase sinuosity will slow flow and increase instream hydraulic diversity
e Pool-riffle sequences increase variation in hydraulic head (water pressure) along the stream, stimulating
the vertical upwelling and downwelling of water.
e Boulders and large word debris create localised increases in surface water elevation that promote
stream bed infiltration
e Artificial structures (e.g. cross vanes and J-hooks') can create localised variation in water depth and
therefore promote upwelling and downwelling

Improve the permeability of bed material Most suitable for waterways where the bed
material is highly permeable (cobble, gravel,

e Remove impermeable channel lining to promote stream bed infiltration
coarse sand)

e Adding coarse sediment will increase the porosity of the stream bed, facilitating infiltration into the
stream bed

e Use flushing flows to clean gravel beds of fine sediment which can clog the top layer of channel
sediments, reducing the permeability of the bed

e Support establishment of native stream fauna that dig tunnels into the substrate (e.g. chironomids,
worms) enhance the movement of water into and out of the stream bed

o Repair streamside vegetation to promote the infiltration of surface water into the stream bed

! Flow deflection structures that dissipate energy, deflect stream flow to the centre of the channel, reduce streambank erosion.
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6.3.6 Repairing riparian function

The riparian zone describes the land that runs adjacent to streams and rivers along their length. It influences food inputs to the waterway
and water temperature, as well as nutrient filtration, sediment trapping and instream habitat. It also influences longitudinal and lateral
connectivity (Beesley et al., 2018).

Table 10. Site actions to repair riparian function to improve urban waterways and wetlands, adapted from Beesley et al. (2018)

Suitability of the strategy

Shade the stream to regulate light and temperature, e.g. Most suitable where the stream channel is

narrow (< 10 m wide), where the natural

’ vegetation was once forest, shrubland, or
temperature and light grassland with riparian trees rather than pure

e Increasing the buffer width to increase opportunities for shading from trees grassland, and where the vegetation has been

thinned or cleared.

e Plant trees adjacent to the stream to the stream shades the channel, reducing instream water

e Installing a shade sail or shade cloth is an artificial way to reduce light and temperature
e Plant trees in the upstream corridor as temperature at the site is affected by upstream processes
e Protect stream side trees from fire

Stabilise the bank, e.g. Most suitable where bank soils are highly
erodible (e.g. clay, sand, gravel — not bedrock)

e Allow the channel to naturally self-adjust to flow, as it is difficult to stabilise the stream bank using
riparian vegetation if the stream bed is still adjusting to altered urban flows.

Plant deep-rooted plants (e.g. trees) to stabilise the

stream bank by holding the soil together.

Planting vegetation on the bank protect the bank from scouring erosion during high flows
Add large woody debris to deflect scouring flows away from eroding stream banks.

Use bank hardening techniques such as logs or rocks to stabilise stream banks, particularly parts of
banks that are subject to scouring urban flows.

e Use of Geofabrics? to reduce the erodibility of bank soils and can improve bank stability while natural
methods (macrophytes, trees) are establishing

e Use engineering structures stabilise stream banks by reducing near-bank shear stress, stream power
and water velocity.

Improve nutrient filtration and sediment trapping, e.g. Most sites, refer to specific actions for specific
suitability

2A type of textile made from a synthetic polymer such as polypropylene that can be used or use in drainage, filtration, separation and
protection.
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Suitability of the strategy

e Relocate/redesign stormwater and subsurface drainage inputs to filter through riparian soils so that
biogeochemical processes can transform and reduce nutrient levels.

e Increase the width of the riparian buffer increases the length of surface and subsurface flow paths,
increasing the time for nutrient processing and uptake in surface or subsurface soils

e Create afilter strip as shallow-rooted plants such as grasses and sedges as effective at stripping
nutrients from surface flows. These plants are also very good at slowing flow so that sediment and
associated nutrients are deposited

o Revegetate the buffer (i.e. increase plant density) as the density of riparian vegetation increases the root
mass available to take up nutrients

e Reconfigure the slope of the riparian zone there is more time for nutrient adoption to soils, uptake by
plants or microbes

e Adjust the water table to improve nutrient processing
Promote hydrologic connectivity by grading the
bank, lowering the floodplain (e.g. terracing), raising the channel or other methods

Reconnect main channel to adjacent wetlands by removing levees and regulators, digging out blocked
creeks

Line the stream bank and riparian wetlands with wet-dry tolerant sedges

Install permeable reactive barriers can adsorb nutrients (P04, NO3) or promote biologically-mediated
nutrient transformation from laterally moving groundwater before it enters the waterway (e.qg.
denitrification

o Remediate soil by adding clay to sandy soils increases its ability to bind to nutrients, particularly
phosphorus

e Harvest vegetation along stream banks promotes vigorous regrowth and nutrient uptake. The removal of
plant matter can also prevent nutrients from being released back into the system when plants die.

e Protect from fire as this will increase sediment and nutrient inputs into the waterway.

Improve leaf litter inputs and retention, e.g. Most suitable where the food web of the site is
naturally supported by leaf litter inputs or by a
productive floodplain

e Plan native vegetation in riparian zone as leaf litter that falls into streams
e is an important source of energy (carbon) that supports the food web

e Increasing channel sinuosity increases the area of exchange between the stream and the riparian zone,
which increases the potential for leaf litter inputs

e Increase buffer width will increase leaf-litter inputs into small streams

e Revegetate the riparian buffers to increase plant density as the volume of litter fall into streams and the
amount swept into streams during overbank flows

e Add large woody debris to the channel to trap leaf litter
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Suitability of the strategy

e Promote hydrologic connectivity grading the bank, lowering the floodplain, (e.g. terracing) raising the
channel or other methods to increase leaf litter inputs

e Remove levees and other barriers if they become blocked with sediment
e Manage or redesign gross pollutant traps (GPTs) so that leaves pass to the stream
e Protect from fire as this will destroy leaf litter

Improve aquatic habitat, e.qg. Most suitable where the channel is narrow (<

1 i th tural tation is t
e Add large woody debris to create habitat in many ways. It acts as shelter for fish and a stable substrate oORTv}’]Vg:)tr?g ?Ioo?:l;?;izriz \\A//?(?: ;i;ﬁr;lﬁw;eed

for biofilm development and invertebrates. gradient (especially where wetlands are
e Plant and maintain native vegetation in the streamside zone present).

e Line the stream bank with wet/dry tolerant plants that creates complex habitat that protects zooplankton,
aquatic invertebrates and frogs

e Install mesh cages or floating platforms to provide habitat for wet/ dry tolerant macrophytes

6.3.7 Repairing water quality

Physio-chemical water quality includes the temperature, oxygen, clarity, pH and conductivity of water. It influences how suitable the water
is for different forms of life (Beesley et al., 2018).

Table 11. Site and catchment actions to repair water quality to improve urban waterways and wetlands, adapted from Beesley et al. (2018)

‘ Actions in the catchment

Keep the water as cool as possible, e.g. Most suitable for small Keep water cool, e.g. Most suitable for small
e Shade the stream to reduce the penetration of streams with naturally cool e Revegetate riparian land upstream | streams with naturally cool
UV light into the waterway and reduce water water of the site, as shading upstream of | water
temperature the site affects water temperature
at the site
o Relocate stormwater inputs so they run !
stormwater through vegetated filter strips / * Manage_ the release of was?ewater
riparian land effluent into waterways as it can
increase the temperature of water
e Promote groundwater upwelling as it is cooler bodies P

than surface water X i )
e Use bioretention basins

biofiltration wetlands, raingardens,




Keep oxygen levels high

Increase turbulence instream using logs and
riffles promotes oxygenation of water
Artificially aerate the waterway through either
bubble air through the water or inject pure
oxygen

Use pumps to maintain flow and aeration

Keep the water as cool as possible

Most suitable where the
waterway experiences
protracted periods of low flow,
particularly during the dry
season

vegetated swales) to cool
stormwater

Run stormwater through vegetated
filter strips / riparian land so it is
cooled before entering the stream
via surface or sub-surface
pathways

Release of cold water from the
base of dams may be used to
reduce the temperature of
downstream urban waterways.

Releasing water from non-dam
water infrastructure (e.g. pipelines,
fire hydrants) treatment facilities)
can increase the volume of water
in urban waterways

Maintaining flow and water volume
in waterways to reduce
temperature extremes.

improve the flow of groundwater
(which is cooler than surface
water) into the waterway help
moderate elevated temperatures.

Keep oxygen levels high, e.g.

Reduce nutrient concentrations to
prevent algal blooms which
increase oxygen demand as they
decompose

Reduce unnatural inputs of
dissolved organic carbon by
phasing out septic tanks and
repairing leaky sewage networks

Keep the water as cool as possible
as solubility of oxygen increase
with lower temperatures

Maintain flows which promotes the
oxygenation of water
Environmental water release to
maintain flow which promotes

Most suitable where the
waterway experiences
protracted periods of low
flows, particularly during the
dry season
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Reduce non-nutrient pollutants (i.e. heavy metals,
hydrocarbons, PCBs, pharmaceuticals and other
personal care products), e.g.

Most suitable where the site
has large quantities of fine
sediments

Install gross pollutant traps (GPTs)

Relocate/redesign stormwater inputs to include
swales/ filter strips/biofilters

Promote hyporheic exchange as it an active
area of pollutant breakdown

Keep oxygen levels high as biodegradation of
many pharmaceuticals and most trace organic
contaminants is accelerated under aerobic
conditions

Use aquatic macrophytes to stabilise fine
sediment to prevent them from entering the
water column most metals and hydrophobic
pollutants bind more readily to fine sediments
than large sediments.

surface oxygenation, while slowing
stratification and the establishment
of algal blooms

Reduce non-nutrient pollutants
(i.e. heavy metals, hydrocarbons,
PCBs, pharmaceuticals and other
personal care products) , e.g.

Install gross pollutant traps (GPTs)

Relocate pre-existing industrial
land use and strategic planning of
industrial land to reduce pollutant
load

Discourage pesticide/herbicide
use adjacent to the waterway and
promote the use of lower

Disconnecting and infiltrating
stormwater to reduce the load of
pollutants transported to urban
waterways

Direct stormwater through
biofiltration basins which can
absorb or transform chemical
pollutants

Remove fine sediments in GPTs
as they bind pollutants but allow
coarse sediments to pass

Improve practices on polluting land
uses such as illegal dumping

Improve the treatment of
wastewater to remove
pharmaceuticals, such as
hormones, anti-depressants and
antibiotics.

Keep oxygen levels high as
biodegradation of many
pharmaceuticals and most trace
organic contaminants is
accelerated under aerobic
conditions

Most suitable where the site
has large quantities of fine
sediments
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Improve water clarity, e.g.

Establish macrophyte beds and plant
streamside vegetation as their dense fibrous

roots stabilise bed and bank sediments
Remove species that feed by digging around

in the mud as they stir up fine sediments and
increase water turbidity

Suitable for most sites,
particularly those with large
quantities of fine sediments

Promote hyporheic exchange
where many pollutants are broken
down

Prevent extreme low which can
increase contact between
sediments and biota using
environmental flow releases

Manage wetlands with pyritic soils
(sulfiderich sediments) that
become exposed to air creating
sulfuric acid upon rewetting which
can result in the release of heavy
metals

Maintain normal salinity and pH
levels, e.g.,

Disconnect stormwater pipes from
waterways preventing the transfer
of charged particles (metals,
nutrients) from the built
environment (roads, buildings) to
waterways

Direct stormwater through
biofiltration basins to remove salt
and metals

Avoid development on agricultural
land with a legacy of high soil salt
levels

Avoid urban development in areas
with significant risk of Acid Sulfate
Soils (ASS) and shallow
groundwater

Disconnect wetlands with ASS as
they can affect the pH of water
bodies

Do not use salt to de-ice roads as
it increases salinity stress
Maintaining flow to mitigate
against extreme pH conditions.

Virtually all sites, except
those that have naturally
evolved under high
conductivity, salinity or pH
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Improve water clarity, e.g. Suitable for most sites,
particularly those with large

e Slow water flow to allow fine o , .
quantities of fine sediments

particles to drop out of suspension
and improve water clarity

e Ensure that construction sites use
sediment control measures to
reduce sediment run-off

¢ Run stormwater though
biofiltration basins/media to allow
sediment to settle out and reduce
the load of fine sediments

6.3.8 Reducing nutrients

Nutrient water quality describes the amount of nitrogen and phosphorus in the water. These influence the growth of algae and plants
instream, as well as the likelihood of algal blooms and oxygen depletion (Beesley et al., 2018).

Table 12. Site and catchment actions to reducing nutrients to improve urban waterways and wetlands, adapted from Beesley et al. (2018)

Increase nutrient uptake in the riparian zone, e.g., | Most suitable where surface Reduce nutrient inputs, e.g.

stormwater flows into or . o .

® Repair the riparian zone as it is a naturally through the riparian zone e Educate residents to minimise their use
important nutrient filter of nutrients, especially fertilisers

e Educate residents about pet manure
which contains nitrogen and phosphorus
and is easily washed into urban
waterways.

e Phase out septic systems which can leak
nutrients into groundwater

e Relocate nutrient exporting land uses
(e.g. golf courses)

e Permanently or seasonally disconnect
wetlands that are nutrient sources

e Avoid urban development on land with a
legacy of high soil nutrients

e Improve nutrient retention in wastewater

treatment plants to reduce nutrient loads
to waterways
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e Preferentially select natives as street

trees

Increase nutrient processing in the hyporheic Most suitable where natural Reduce the volume of stormwater directed to | Easiest to implement in
zone, e.g. bed material is highly porous | waterways, e.g. small catchments where
e Remove impermeable channel lining or (e.g. gravel, to a lesser e Reduce flow volume by harvesting relatively few impervious

daylight pipe to promote interaction between | €xtent sand) and where the rainwater and infiltrating; detaining and areas

surface and shallow groundwater climate creates periods of disconnecting stormwater. which will exist (i.e. not a lot of

L low flow. gs , urban land needs to be

e Reduce the velocity of instream flow to reduce the nutrient load being )

encourage interaction between surface and transported to the waterway or wetland retrofitted).

shallow groundwater

e Reconfiguring the channel to increase
sinuosity will slow flow and allow vertical
exchange of water between surface and
shallow groundwater

e Establish a pool-riffle sequence to stimulate
vertical exchange of water

e Install boulders and large woody debris
increase

e instream hydraulic diversity and promote
downwelling into the hyporheic zone.

e Create many small habitat patches which
enable nutrient processing

e Add coarse sediment (i.e. gravel) to the
stream bed increase the porosity of the
stream bed and facilitate hyporheic exchange,
which can promote denitrification

e Use flushing flows to remove fine sediment
from gravel beds and increase the porosity of
the stream bed and promote hyporheic
exchange

e Promote an environment for biota that burrow
into the bed sediment (e.g. chironomids,
worms, mussels) create small channels that
promote the downward movement of water
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Increase nutrient processing instream (excl.
hyporheic), e.g.,

Reduce the velocity of instream flow to
increase the contact time between nutrients in
the water column and the biofilm

Reduce the volume of water in the waterway
increasing the proportion of the water that is
in contact with surface biofilms

Increase hotspots (i.e. create debris dams,
backwaters, add large woody debris) that
traps leaf litter providing carbon for microbial
processing of nutrients

Establish macrophyte beds to take-up
nutrients

Add clays that bind phosphorous
Install floating wetlands to take up nutrients

Most suitable where the
channel’s surface area to
volume ratio is relatively high
(i.e. small channel as
opposed to a large river).

Increase nutrient biofiltration of stormwater at
the source (i.e. lot and street scale), e.g.

e Install raingardens and vegetated swales
along streets, as these take up or bind
nutrients, reducing the nutrient load of
street stormwater.

Suitable for streets with
wide verges that can
accommodate
swales/raingardens and
where the residents are
supportive.

Minimise nutrient release from stream bed and
bank sediments, e.g.

Increase the oxygen concentration of the
water using natural (e.g. riffles, plants/algae)
or engineered approaches (e.g. aerators)

Stabilise fine sediments on the bed and bank
of the waterway using plants and controlling
burrowing animals that can release nutrients
into the water column

Most suitable where fine
sediments are abundant and
rich in nutrients, and where
the nutrients

stored in sediments are
bioavailable

Increase nutrient biofiltration of stormwater at
the precinct scale, e.g.

e Direct stormwater into wetland
biofiltration basins that promote nutrient
uptake and transformation

e Strategically place bioretention basins in
areas that receive large amounts of
stormwater, particularly stormwater with
high concentrations of nutrients

e Align water sensitive design features so
they work cumulatively to protect the
receiving waterway

Suitable for urban areas
that have sufficiently large
areas of low-lying land to
accommodate the
wetland biofilters, and
where excess nutrients
are predominantly
inorganic and derived
from stormwater.

Reduce the volume of nutrient-rich
groundwater entering the waterway, e.g.

e Avoid development on land with a
shallow water table or build houses on
stilts so they are protected from flooding

Most suitable where the
channel is narrow (< 10 m
wide) and the natural
vegetation has trees OR
where the floodplain is
wide with a low gradient
(especially where wet
lands are present).
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e |owering the water table to reduce the
amount of nutrients delivered to urban
waterways

e Surround subsurface drains with soil that
can be effective in bonding to
phosphorous and other dissolved organic
nutrients and removing them from
subsurface soil water.

e Redirect subsurface drains away from
waterways and into biofiltration basins to
reduce nutrient loads

e Disconnect subsurface drains from
waterways and install bioreactors and
phosphorus-sorbent soil at their outlet

e If the local groundwater is elevated and
rich in nutrients, then any newly
constructed urban drain will exacerbate
nutrient issues downstream. In these
circumstances a concreted or piped
urban drain should be considered, as it
prevents the inflow of nutrient-rich
groundwater and its drainage
downstream.

6.3.9 Repairing biota

Biota are the number and type of species living in a stream or wetland. It indicates the overall health of the waterway and influences its
resilience to disturbances. Biota affect how energy created in the waterway is moved up the food web and can influence water quality and
nutrient-processing ability (Beesley et al., 2018).

Table 13. Site and catchment actions to repair biota to improve urban waterways and wetlands, adapted from Beesley et al. (2018)

Create/protect refuges from high and low flows Most sites, particularly sites Identify biodiversity refuges, e.g. Suitable for all urban areas
within the site, e.g. where high, scouring urban
flows are thought to the major

bays, backwaters, in-channel wetlands or stressor to waterway refuge sites.

e Catchment and systemwide

e Slow-flow habitats in the main channel include survey of biota to identify
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islands. Slow-flow habitat on the floodplain native fauna.
include natural or constructed wetlands (could
be biofilters), ponds/depressions, or secondary
channels (e.g. anabranch) that only connect
during high flows.

e Create/protect the hyporheic zone as paces
between coarse substrate particles can provide
refuge for bacteria, algae and invertebrates
during high flows, as well as very low flows

e Improving instream habitat complexity with logs
and aquatic plants provides some protection
from scouring urban flows

e Creating deep pools provide an aquatic refuge
for larger bodied fauna, such as fish, during low

flow periods.
Improve the quality of instream habitat, e.g. Suitable for most sites, except | Create/protect refuge stepping stones | Suitable for most urban
e Repairing the flow regime is important for the those facing ongoing habitat across the urban landscape, e.g. metropolitan areas, but most
: ; : : i st i likely to be successful where
survival and persistence of instream biota modification/degradation e Create/protect in-stream refuges Y10 De
. . . ' a city’s peri urban areas are
e Repairing geomorphological complexity affects requires numerous healthy pools : ot
. . X X relatively pristine
the abundance and complexity of instream or river reaches where species
habitat available for biota can survive, breed and disperse
e Repairing water quality so that it doesn’t cross out to the wider river network
thresholds is critical for the protection of e Create/protect wetland refuges for
instream biota. protecting aquatic animals from
e Repair leaf litter inputs as it underpins the food disruptive high velocity urban flows
web of many flowing waterways e Create/protect remnant bushland
e Repair aquatic habitat with macrophytes and for semi-aquatic animals

logs which are important habitat for many
animals, providing places to hide and a stable
substrate on which to live for some
invertebrates

o Restored sites need to contain appropriate
habitat to allow species to complete their life
history

e Urban waterways should have gentle slopes, at
least in some areas, so that semi-aquatic
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animals such as frogs and turtles can easily
leave the waterway

Reduce negative interactions with non-native Where non-native species are | Improve connectivity among refuges, Suitable at sites where there
species, e.g. present and are invasive e.g. are refuge stepping stones
e Control non-native species by removal or ® Protect and repair riparian

exclusion through physical or chemical means vegetation and address instream
e Complex instream habitat creates places for barriers

vulnerable species and individuals to hide —
reducing their interaction with aggressive non-
native species

® Repair base flow to control non-native species

Translocate fauna, e.g. most suitable for sites in small | Limit the invasion and spread of non- Where non-native species
. streams, less suitable for native species, e.g. are not present within the
® In highly fragmented areas , translocate healthy lowland rivers urban area, or they are
individuals from nearby refuge sites e Educate residents about the

present but have a restricted

impacts of non-native species distribution

e Intensive removal of non-native
species

e Use barriers (existing) to limit the
dispersal of invasive non-natives

e Use biocontrol or other methods

Protect from fire, e.g. Suitable for most sites.

® Fire in the riparian zone of a restoration site will
exacerbate the stresses to biota caused by
urbanisation
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7 Feasibility assessment (technical and
economic)

The feasibility of urban stream and wetland rehabilitation projects in Laos involves evaluating
technical, financial, social, and environmental factors. Technical feasibility examines baseline
conditions, required expertise, and the potential impacts on biodiversity, water quality, and
ecosystems. Financial feasibility considers funding availability, budget planning, and cost-benefit
analyses. Institutional and planning controls, guided by national laws and regulations, define
permissible activities in streams and wetlands. Additionally, the regulatory feasibility is something that
is a key driver for project approvals.

Assessment Procedure

The assessment process begins with planning and defining the scope of the feasibility study.
Evaluation teams—comprising government agencies, private consultants, and other stakeholders—
are procured and assigned tasks. The evaluation itself involves baseline surveys to collect data on
site conditions and the potential impacts of rehabilitation activities. These findings are then
summarised into detailed reports, which are reviewed and approved by those in authority and
responsible at that level, based on compliance with legal frameworks and institutional guidelines.

Approval is granted after a thorough review of the feasibility report, ensuring alignment with technical,
financial, and environmental standards.

Stakeholders and Approval Process

The feasibility assessment process in Laos includes contributions from private consultants, state-
owned enterprises, international consulting firms, educational institutions, and experienced
professionals. These entities bring diverse expertise to ensure comprehensive evaluations of
proposed projects. Certification or approval depends on the size of the project and compliance with
initial and detailed feasibility assessments. The process ensures the project meets legal, technical,
and financial requirements before implementation, and can be guided by selected legal frameworks
such as:

e Land Law No. 70/NPC, dated June 21, 2019, Chapter 2: Focuses on land exploration and
environmental protection (Articles 22-23).

e Decision on the Water Information System and Water Resources No. 1182/KSC, dated
27/6/2024: Governs the use of water resource information.

e Decree on Surveying, Measuring, and Aerial Photography No. 330/L, 2014, dated
18/9/2014: Regulates geographic and environmental data collection.

e PM Order No. 15: Prohibits logging and harvesting of timber from natural forests, to
safeguard biodiversity within wetlands.

Once there is an understanding of the vision, and how that vision could be achieved through potential
interventions, the feasibility of the planned approach needs to be considered based on the financial
cost, other constraints, and possible undesirable side effects. All consequences of rehabilitation,
remediation and restoration actions need to be considered, both positive and negative — there is the
possibility of increased erosion and flooding, and even damage to biological systems.

Questions for assessing feasibility:
* Can you afford your rehabilitation objectives?

* Have you checked legislative and administrative constraints to see if you will be allowed to do the
things that you want to do?

*  Will the project create more benefits than negative side-effects (including the effects on other users of
the stream, and on the stream biology)?



* How confident are you that the option will actually solve the problem?

* Can you modify the plan to minimise impacts on other uses of the stream? You may be able to do a
small-scale trial of your proposal in order to test its effects.

Rutherfurd et al. (2000b)

The key areas to consider when assessing feasibility of an urban wetland or stream project are:
* Can you afford it?
* Are you allowed to do it?
*  Will the benefits of the project outweigh any negative side effects?

* What is the level of confidence that the interventions will work?

7.1 Economic Feasibility

Various costs need to be considered at all stages including planning, implementation and after-project
costs.

+ Planning — inputs from experts (engineers, ecologists, etc)
* Information — gathering data to inform the design
» Establishment of the site - Costs of machinery and materials

+ Labour - Tasks may include vegetation planting, installation of erosion control measures, and
construction of hydraulic structures

+ Compensation costs — if private land needs to be used
+ Vandalism prevention — needs to be considered and designed
* Maintenance —vegetation, rock structures

+  Evaluation — monitoring and measurement to determine effectiveness

7.2 Technical Feasibility

7.2.1 Understanding baseline conditions

When considering technical feasibility there needs to be an understanding of whether the proposed
interventions will work in the local urban and wetland stream context. This means gaining an
understanding of the site and baseline conditions including detailed information about the current
conditions of the site, including topography, soil composition, vegetation, and existing hydrological
patterns (Beesley et al., 2018; Victorian Government, 2011).

* Analysis of the hydrology to understand water flow patterns, seasonal variations, groundwater
interactions, and potential flooding risks.

* Analysis of the geomorphology to understand the areas prone to erosion, thus information is
useful on the physical structure and processes of the stream or wetland, including erosion
rates, sediment transport, and channel stability.

+ Assessment of existing biological communities, identifying native and invasive species,
assessing habitat quality, to understand the current ecological health and biodiversity of the
site and determine any impacts of the interventions

* Analysis of water quality for key parameters such as nutrient levels, suspended sediments,
contaminants, and dissolved oxygen, so as to design approaches that aim to improve or
maintain water quality
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* Analysis of soil and sediment physical and chemical properties to determine their
composition, stability, and contamination levels. This can provide information for what is
needed for successful vegetation establishment and erosion control.

* Assess existing infrastructure such as bridges, culverts, and stormwater systems in the
project areas to evaluate the condition and functionality of these structures and their
integration into the plan for urban wetland and stream restoration.

Information can be obtained from existing studies and well as surveys and sampling to establish
baseline conditions.

7.2.2 Side-effects of interventions

Technical feasibility includes consideration and confidence of both what will work and what are the
possible side-effects of the interventions. The benefits need to be greater than any negative side-
effects.

Side -effects to consider include (Rutherfurd et al., 2000b):

* Erosion or deposition of sediments - his is especially important around infrastructure such as
bridges, culverts and roads.

* Flood level and time — interventions such as blocking the channel or increasing roughness to
reduce flow velocity can affect flood height and time

* Performance of hydraulic structures — interventions may impact each other, for example fish
passages over structures in a stream could reduce the effectiveness of a culvert and lead to
roads flooding

* Practices of riparian landholders — for example reduced access to grazing in areas that are
being revegetated

* Impacts on other uses of the stream — rehabilitation can affect other uses of the stream or
wetland, for examples addressing point sources of pollution may mean increased investment
needed in wastewater treatment

* Biological systems — introduction of weeds, in-stream structures can be a barrier for fish
passage, removing barriers can allows exotic pest species to spread, disturbances of
sediments can release pollutants

7.3 Regulatory and Environmental Compliance Feasibility

Economic and technical feasibility are important to determine if a project can be done, but equally
important are consideration of institutional and planning controls over what you can and cannot do in
streams and wetlands. Permits may be needed to carry out work which can differ between
jurisdictions. Site access for equipment and workers is crucial and may require the construction of
temporary access roads or paths. The land required to implement the interventions needs to be
available for use and accessible. Accessibility issues can significantly impact project costs and
timelines.

The Lao National Assembly 2017 stipulates the prohibitions and processes for dispute resolution
under the Law on Water and Water Resources.

1. Part 10: Prohibitions
o Article 67: Prohibitions for Individuals or Communities in Relation to Water and Water
Resource Management
o Article 68: Prohibitions for Government Staff
o Atrticle 69: Prohibitions for Organisations and Enterprises
2. Part 11: Dispute Resolution
o Article 70: Explains five types of resolution mechanisms for disputes relating to water:
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Mediation or Conciliation: Amicable resolution is encouraged between
parties.

Administrative Correction: It is a correction by the relevant administrative
authorities.

Dispute Resolution with an Economic Dispute Resolution Agency: Special
agencies are used to mediate economic disputes.

Petition to the People's Court: Filing a case through the courts
Internationally Oriented Solution: International mechanisms on cross-border
or complex disputes.
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8 Functional and detailed design

Key question to ask

Will your project still be making a difference in 20 years’ time? (e.g. will it still work when the structures have
been destroyed by a flood?). In most cases this will occur only if you have treated basic processes at a
catchment scale, and if vegetation has been encouraged to grow and modify the channel. Appropriate
vegetation is often the key to successful stream rehabilitation.

Is the project going to enhance the recovery trajectory of the stream, or work against it?

Have you anticipated the threats to the project?

What extreme events is the project designed to survive (floods and droughts)?

Is your proposed project big enough? Does it treat a reach and not just a point?

Are the tools that you are using appropriate for the stream and the problem?

Have you designed your project to minimise any undesirable consequences of the project?

(Rutherfurd et al., 2000b)

Once interventions have been selected, the next step is to develop functional and detailed plans and
designs for the selected interventions. This typically includes engineering drawings and specifications
(e.g., grading, drainage, structures, materials), construction sequencing and method statements, and
cost estimates. It also includes ecological design and modelling, such as, habitat requirements,
hydrological and water-quality modelling, and predicted performance under different rainfall and
climate scenarios. Design outputs may also cover operation and maintenance requirements, access
needs, and monitoring plans to verify performance over time.

Detailed designs are the bridge between vision and implementation, and translate the vision and
selected interventions into actionable plans, ensuring technical accuracy and feasibility. They clarify
exactly what will be delivered, how it will function, and what resources are needed, ensuring the
intervention is technically sound, constructible, safe, and fit-for-purpose. This stage helps identify risks
and constraints early (e.g., land availability, utilities, flooding, maintenance burden), improves cost
and timeline certainty, supports approvals and procurement, and increases stakeholder confidence
that the selected NbS interventions can be delivered and maintained effectively.

There are many existing guidelines that support development of functional design for stream and
wetland restoration activities. The following are examples of Australian guidelines, including best-
practice guides, that can be applied to the Lao context.

Australian Runoff Quality: A Guide to Water Sensitive Urban Design (Wong, 2006): A
foundational national guide covering runoff quality, treatment trains, and systems like
constructed wetlands.

Urban Stormwater: Best Practice Environmental Management Guidelines (Victorian
Stormwater Committee, 1999) often called BPEM Guidelines: Widely used in Victoria for
setting pollutant reduction targets (e.g., 80% TSS, 45% TP, 45% TN).

State-specific best practices build on these:

Urban Stormwater Best Practice Environmental Management Guidelines (Victorian
Stormwater Committee, 1999) and Constructed wetlands: Design manual. (Melbourne Water,
2017)

Stormwater Management Manual for Western Australia (Department of Water and
Environmental Regulation [Western Australia], 2022a); includes structural controls and water
sensitive urban design (WSUD).

Resources from Water by Design (Healthy Land & Water, formerly South East Queensland
Healthy Waterways Partnership), including Concept Design Guidelines for WSUD, MUSIC
Modelling Guidelines, and Deemed to Comply Solutions for stormwater quality (South East
Queensland Healthy Waterways Partnership, 2009; Water by Design, 2019; Water by Design
2010)
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o Adoption Guidelines for Stormwater Biofiltration Systems (Payne et al., 2015): Detailed
design, performance, and business case for raingardens/biofilters.

e Living Streams refer to retrofitting drainage channels to mimic natural streams, enhancing
ecology and amenity. Key government resources:

o Drainage for Liveability — Living Streams in Water Corporation Assets :
Guidance on design, implementation, and community benefits (Department of Water
and Environmental Regulation [Western Australia) & Water Corporation, 2022b);

e Water Sensitive Urban Design — Living Streams brochure: Details benefits
(pollutant treatment, habitat creation) and integration into WSUD (Department of
Water, 2011.)

8.1 Design approaches - Streams

The stream design approach should be guided by the local biophysical context (e.g. accounting for
soils, hydrology, sediment and flow), because different stream types and site conditions require
different restoration and protection measures. This includes selecting appropriate erosion protection
measures, managing slope and flow energy through features such as pool-riffle configurations, and
establishing riparian corridors with suitable land uses that align with inundation frequency and
floodplain processes.

8.1.1 Solutions to prevent river erosion

Degradation of waterways and riverbanks in urban areas is generally caused by human activities and
natural disasters. There are many techniques to prevent riverbank erosion, which can help keep the
river from becoming shallow (muddy) and protect the habitat of aquatic animals. Rivers and
riverbanks in Laos should use raw materials available in the local environment to reduce budget or
construction costs. Most raw materials, such as stone, wood, clay, etc., can be used in the following
steps.

Table 14. Suburban waterfront improvement and restoration techniques

River condition Descriptions

Stone Toe Protection

protection.

Stones installed at the base of the stream bank provides
protection from heavier storm flows and prevents erosion.
The stream banks are graded back and planted with
native vegetation for additional stabilisation and erosion

Imbricated Rip Rap

flows.

Overlapping stones help protect stream banks from
erosion or potential failure. Typically used along stream
reaches where eroding stream banks threaten private
property or public infrastructure, or where the stream is
highly confined and subject to particularly erosive storm
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River condition

Descriptions

Log Vane

Logs are placed and anchored to divert stream flow way
from eroding stream banks towards the centre of the
stream. The concentrated stream current forms scour
pools below the vane, adding pool habitat. Vanes can also
be constructed with rock.

Rock Pack and Flush Cut

Stream bank trees seriously undercut by erosive storm
flows can be protected with supportive rock packing. If
undercut too far, they can be “flush cut,” which allows the
roots to remain in the bank for stabilisation and erosion
protection

J Hook

Rock is placed in streams in the shape of a “J” to channel
the flow of water away from eroding stream banks. The
“hook” or curved tip of the “J” has slots which allow fast
flowing water through to dissipate energy and form scour
pools, which add habitat

Cross Vane
Stone is carefully positioned at an angle to create a “vane”
which diverts the flow of water toward the centre of the
stream, thereby protecting stream banks, maintaining
stream bed elevation, and preventing further stream
downcutting

Shallow Wetlands

Creation of a shallow wetland below a local storm drain
allows water quality treatment through infiltration, nutrient
uptake, and limited detention. Shallow wetlands also
provide habitat for balanced aquatic plant and animal
communities.
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River condition

8.1.2 River corridor cleaning

Descriptions

Coir Logs

Made from biodegradable coconut fibres, they provide a
medium for vegetation, protecting less erosive stream
reaches by holding the bank in place and catching eroding
material

Step Pools

Used downstream in areas where rock often added to
protect a sewer crossing has raised the level of the
stream, or in other areas where the stream drops steeply.
Step pools allow stream flow to lose erosive energy by
gradually lowering the elevation of a stream in a series of
steps.

Brush Layering

Layers of live branch cuttings are installed horizontally.
These cuttings will sprout new plants which will then
stabilise eroded stream bank slopes.

Root Wads

Tree trunks with attached roots are anchored in stream
banks to provide cover for fish, amphibians, and aquatic
insects. The sinuous root mass slows the flow of the
stream, armours the bank, deflects energy away from the
bank, and forms scour pools, providing greater habitat
benefits forms scour pools, providing greater habitat
benefits

Clearing obstructions and rubbish from waterways can improve flow and support water quality.
Ideally, this should occur prior to the rainy season in April of the year and during the dry season in
January. Activities can include collecting plastic waste or non-biodegradable materials, as well as
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clearing major obstructions that are creating blockages as these can exacerbate erosion of the river
banks.

Figure 3. Clearing the flow path

8.1.3 River bank restoration

Untreated wastewater from residents and industry contains pathogens, chemicals, fats and other
substances that are harmful to the biodiversity in the river. Figure 4 illustrates the use of a biochar
filtration base planted out with local species (e.g. Xay grass, water hyacinth), which acts as a bicfilter,
with the stones providing a flow buffer and additional erosion protection.

Figure 4. Water discharged from a point source can be filtered through plants and substrate to
improve water quality and manage erosion

8.1.4 Reforestation and protection

Forest protection and reforestation are essential, alongside prohibiting slash-and-burn practices and
land cultivation along stream banks. Tree planting should prioritise native species that are well
adapted to local environmental conditions. In addition, maintaining or restoring native grasses
beneath and around trees can improve overall vegetation cover, stabilise stream banks, and reduce
erosion.
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Figure 5. Restoration of damaged tributaries

8.1.5 Reconsider development in riparian zone

Moving buildings away from riverbanks helps improve stream bank condition by reducing direct
physical disturbance, soil compaction, and loading on the banks. It allows space for riparian
vegetation to be restored, which stabilises soils, reduces erosion, and slows runoff during high flows.
Moving buildings away from the banks of the river, will also improve stream bank condition.

Figure 6. Relocation of building from stream area

8.2 Design approaches — Wetlands

8.2.1 Wetland Typologies

Wetland design should be guided by the intended end use, with different wetland typologies used to
support different functions and management requirements. Common typologies include:

e Conservation wetlands: Prioritise biodiversity and ecosystem protection, and may support
artisanal fishing or subsistence use.

o Treatment wetlands: Highly modified or fully constructed wetlands designed to treat polluted
water (e.g., turbid runoff, urban drainage, industrial effluent, and domestic wastewater).

e Productive wetlands: Managed to support livelihoods and production, such as rice
cultivation, crops and aquaculture
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e Recreational wetlands: Designed for public access and amenity, supporting recreation and
tourism.

Figure 7 provides a generalised overview of the water flows through different wetland typologies. The
diagram shows how inflows to a conservation wetland pass through a buffer wetland that is
contiguous with the core conservation wetland. Runoff from agricultural catchment or activities have
passive treatment or buffer wetlands prior to discharge of runoff to a conservation complex. Runoff
from urban catchments have actively managed water quality management systems for wastewater
and stormwater prior to discharge to waterways or catchments of conservation wetland. Management
and works to drainage systems and conservation wetlands may/will be required to ensure these flow
paths are achieved and core high value wetland areas are protected.
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Figure 7. Generalised wetland mosaic flow pathways

8.2.2 Conservation Wetlands

Conservation wetlands are managed primarily to protect biodiversity, ecological processes, and
ecosystem integrity. As reflected in Figure 8, conservation wetlands are driven by natural catchment
hydrology, geomorphology, and biological communities, with all other components responding to
these foundational environmental factors. The central elements, inundation pattern, basin flow
patterns, buffer zones, and in-basin habitat, are shown as intact and interdependent, indicating a
system that relies on natural processes rather than engineered control. Design therefore prioritises
protecting existing landform, soils, sediments, and hydrological regimes rather than modifying them to
achieve specific engineered outcomes (National Research Council, 1995; Ramsar, 2010).

Water quality protection is achieved largely through intact buffer zones and upstream catchment
management, rather than in-basin treatment. Inundation patterns and basin flow patterns remain
natural or near-natural, supporting diverse in-basin habitats and native flora and fauna. Intervention
should be minimal and focused on protection, invasive species control, and rehabilitation of degraded
areas where necessary. Human access and use should be low-impact and carefully managed to
avoid altering hydrology or habitat conditions.
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Figure 8. Conservation wetlands: environmental factors influencing wetland function and design
priorities

Box 7 provides an example at the Nong Kham Sen wetland in Vientiane, where WWF Laos is working
together with local communities and government agencies to find a balance between protecting the
wetlands and supporting sustainable land use (WWF, 2023).

Box 7. Nong Kham Sen Wetland, Vientiane — Rehabilitation for conservation

Nong Kham Sen (NKS) is an ~86 ha urban wetland close to Vientiane, with high cultural
significance (including local beliefs linked to the naga) and high biodiversity value (more than 175
bird species recorded across the wetland and nearby spirit forests). The wetland has reportedly
declined from around 300 ha since the 1970s due to urbanisation pressures. It also supports local
livelihoods and services, including irrigation water supply (particularly in the dry season) and some
fishing and wetland product collection across six surrounding villages.

Conservation-focused approach (while enabling other uses)

To protect core conservation values while recognising ongoing community use, WWF Laos and
partners have supported a collaborative management approach aimed at formal protection as a
Species Habitat Conservation Area (SHCA), working with communities and government agencies
on an agreed vision that includes: (1) institutions and capacity (including an education centre
concept), (2) sustainable livelihoods and equitable benefits from recreation and other income
streams, (3) environmental education for schools/communities/tourists, and (4) biodiversity
recovery.

Design and management measures that help manage trade-offs

Practical measures prioritise “protect and manage first” actions that reduce encroachment and
maintain ecological function, while supporting controlled access and water security:

e Secure and demarcate the wetland boundary through participatory boundary demarcation,
to address encroachment and unauthorised use and support SHCA gazettement.

e Construct an embankment/border dyke with tree planting to: (i) define the protected
boundary and reduce encroachment, (ii) provide access for students and visitors, and (iii)
improve water retention for dry-season irrigation—while planting supports edge habitat and
provides shade and screening to reduce disturbance.

e Manage water levels to protect ecology while supporting irrigation by developing water-use
agreements with surrounding households and setting an agreed minimum ecological water
level, supported by participatory monitoring (including development of a Wetland Health
Index).

e Address key threats explicitly (e.g., settlement and agricultural expansion, drainage of the
wetland early in the dry season, grazing/burning, and hunting), so that conservation goals
are not undermined by unmanaged competing uses (WWF, 2023)
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8.2.3 Treatment Wetlands

Treatment wetlands are designed primarily to improve water quality by removing sediments, nutrients,

and other pollutants from stormwater or wastewater flows. As illustrated in Figure 9, treatment
wetlands are fully vegetated systems where hydrology, inundation patterns, and basin flow patterns
are actively managed to maximise treatment performance (Kadlec & Wallace, 2009; U.S.
Environment Protection Agency, 2000).The prominence of basin soils/sediments, buffer zones, and
in-basin habitat highlights their role in pollutant removal, while the absence of catchment-scale

ecological drivers reinforces the engineered nature of the system.

Unlike conservation wetlands, catchment hydrology is not natural but is controlled at inflow points to
achieve appropriate residence times. Basin soils and sediments and buffer zones are critical design
elements that support sedimentation and biochemical processes. Vegetation selection is intentional
and based on treatment objectives, while habitat outcomes are secondary to water quality

performance. Ongoing maintenance is essential to sustain treatment capacity over time (Melbourne

Water, 2017).
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Figure 9. Treatment wetlands: environmental factors influencing wetland function and design priorities

Box 8 provides an approach in Lao PDR where water hyacinth in wetlands is being considered as an

approach to support treatment of wastewater.

Box 8. Use of water hyacinth in treatment wetlands

Water hyacinth is a plant that spreads quickly in well-drained ponds or rivers, so it has both advantages and
disadvantages. On one hand, water hyacinth can uptake nutrients from wastewater. On the other hand, water
hyacinth can completely cover water bodies, outcompeting native aquatic species, reducing oxygen levels for
fish, and creating ideal habitat for disease-carrying mosquitoes. Large infestations of water hyacinth can
prevent river transport, fishing, damage bridges, and clog dams (Stohlgren et al., 2013).
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Water hyacinth control and management around wetlands

Water hyacinth growth can be controlled by using wood boxes or by limiting the area of expansion with bamboo
barriers. These methods help contain the water hyacinth, making it easier to remove. The water hyacinth or
water plants can be used as organic fertilisers for agricultural use to generate income and reduce production
costs to improve the fertility of the soil around the water.
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Using water hyacinth for soil improvement in wetland areas

Most wetlands in Laos are located in agricultural areas, such as rice fields and gardens, where chemical
fertilisers and insecticides are commonly used. This leads to runoff of contaminated water containing residual
heavy substances, especially zinc, which water hyacinth can absorb (World Bank, 2021).

Contaminated run-off from agriculture areas treated though the use of water hyacinth.

8.2.4 Productive wetlands

Productive wetlands are managed to support livelihoods and economic activities such as rice
cultivation, aquaculture, or integrated farming, while retaining some wetland functions. Figure 10
shows that productive wetlands are highly managed systems, where catchment runoff, flows, and
inundation patterns are deliberately controlled to support production outcomes (de Groot et al., 2012;
Hu et al., 2017). The reduced emphasis on buffers and in-basin habitat reflects the trade-off between
economic use and ecological complexity.

Geomorphology is modified, and soils may be amended to suit agricultural or aquaculture needs.
Water quality remains a critical consideration, particularly to protect downstream environments, and
productive wetlands are often coupled with treatment wetlands upstream. Habitat values are typically
simplified and secondary to production, requiring careful management to avoid long-term degradation
of wetland function (Ramsar, 2010).
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water Modified admended
Catchment runoff Inundation Flows managed
managed Pattern :
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Figure 10. Productive wetlands: environmental factors influencing wetland function and design
priorities

Box 9 provides a conceptual example of how productive wetlands can be designed as a multi-
functional system (a “productive sanctuary”’)—integrating water quality treatment and flood storage
with rice/aquaculture production, aquatic crops, circular-economy activities and public access—
through a staged “treatment train” approach.
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Box 9. Nong Loup lan Marsh (Vientiane, Lao PDR): Productive wetland design concept

Nong Loup lan is a 24-hectare wetland—-marsh system in western Vientiane (Sikhottabong District),
close to the Mekong and surrounded by several villages. The wetland supports livelihoods (e.g.,
rice growing and fishing), biodiversity, and flood storage, but faces increasing pressure from
encroachment, sedimentation, invasive species and unplanned drainage. The Global Green
Growth Institute (GGGI) is working with Ministry of Public Works and Transport and the Vientiane
Capital Administration through the Nature-Based Solutions for Urban Adaptation in Lao PDR
(NATURA) project to restore and rehabilitate the Nong Loup lan Wetland (GGGI, n.d.).

To support NATURA, the Australian supported Resilient Urban Centres and Surrounds (RUCaS)
program developed a case study with design concepts for Nong Loup lan with the idea of creating
a productive sanctuary with multiple benefits (WSCA & ICEM, 2025). The concept design treats the
wetland as a system of 8 connected zones to protect in-situ habitat while enabling productive use
and public access. The overall strategies are framed as: (1) Productive Sanctuary, (2) Prosperity
Park, and (3) a Community Collective to help manage and operate the site.

Key design ideas and components. The proposed zoning integrates productive wetland functions
with biodiversity, flood management, and amenity:

e Water quality management: sedimentation pond and surface-flow constructed wetlands
(treatment train entry).

e Flood management: vegetated swales/creek drainage and swamp forest to slow flows and
attenuate floods.

e Land-based productivity: food forest (7 layers) and livestock opportunities.

e Water-based productivity: rice fields, aquaculture ponds, and hydroponics on floating beds
above fish ponds.

e Wetland-based productivity: ephemeral and submergible wetland areas suitable for aquatic
crops (e.g., morning glory/water spinach, lotus) and higher-value aquatic crops (e.g.,
medicinal/wellness plants).

e Community productivity (circular economy): composting, worm farms, mushroom sheds
and related “recycling hub” functions to turn organic waste into production inputs.

e Biodiversity conservation: protected lake areas, bird islands, and wild fish habitat
(conservation core within the productive landscape).

e Recreation/market: community park and market/café and eco-tourism functions to support
amenity and local income.

A proposed wetland “treatment train” supports productivity through a staged system: sedimentation

ponds — stormwater wetlands — vegetated swales — forest pond (with potential floating gardens)

— swamp forest — lake/ephemeral wetlands — controlled release to the Mekong via existing

gates, improving water quality while retaining water for productive uses and reducing flood peaks.
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As a concept-stage design, the case highlights the need for further community consultation and
design refinement prior to implementation, alongside detailed environmental and social
investigations and inclusive participation mechanisms (including community custodian/monitoring
groups).
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8.2.5 Recreation wetlands

Recreation wetlands are designed to provide public amenity, recreation, and ecotourism opportunities
while maintaining wetland function. As shown in Figure 11, recreation wetlands retain many
characteristics of conservation wetlands but allow for selective modification of geomorphology and
basin flows to support access, safety, and visual amenity (U.S. Department of Agriculture, Natural
Resources Conservation Service, 2020; U.S. EPA, 2000).This illustrates a hybrid system where
ecological protection and human use are deliberately balanced.

Catchment hydrology and water quality remain important drivers, supported by buffer zones and in-
basin habitat. Design must clearly separate areas of public access from refuge areas for fauna,
ensuring recreational use does not compromise ecological values. Universal access, safety, and
seasonal water level variation should be explicitly addressed in design and management.
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Figure 11. Recreation wetlands: environmental factors influencing wetland function and design
priorities

8.2.6 Wetland restoration techniques

Regardless of the typology that applies to a wetland, managing the surrounding landscape and the
water within the wetland reservoir is important for a healthy wetland system.

Wetland landscape restoration and enrichment planting

The landscape surrounding a wetland is a critical factor in wetland management (Figure 12) If the
surrounding land is dry and nearby forest or vegetation has been degraded or cleared, wetland
restoration should include planting indigenous trees in the surrounding area. The use of enrichment
planting techniques is considered one of the most effective ways to rebuild forest cover and support
wetland recovery.

Figure 12. Wetland landscape in Laos

Enrichment reforestation involves the recruitment of native species and the subsequent planting of
small seedlings, either in the field or from nurseries, to sites with less than 20 percent tree density.
The objective is to increase forest cover around wetlands, achieving a higher density of vegetation to
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protect wetland water sources (Figure 13). In some locations, locally collected seeds are also used,
either by direct sowing or by burying seeds at the restoration sites.

Figure 13. Techniques of enrichment planting in a wetland area

The areas surrounding most wetlands are typically composed of mud or peatland. It is essential to
plant grasses (such as Cyperus difformis), common reeds, and other shrubs in these areas to prevent
drying, provide habitat and breeding grounds for birds and aquatic species, and reduce the movement
of sediment into the centre of the wetland basin (Figure 14).

Figure 14. Technique for planting Cyperus difformis — the spacing is 20x20 cm in wetland

Treatment of water reservoir area

Wetland areas without proper drainage or water flow will have low oxygen levels at the water surface,
leading to high acidity and water pollution. There are two ways to manage oxygen and drainage are
installing solar water pumps to aerate the water, and using charcoal to treat it.

Aeration pump: The use of an aeration water system involves applying two PH motor water pumps
on the side and installing solar cells to harness solar energy to support the water pump (Figure 15).
This setup allows the water in the tank to create air bubbles, increasing dissolved oxygen levels and
cooling the water. Additionally, it supports water circulation, which benefits plants and aquatic
animals.
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Figure 15. Aeration powered by a solar cell to re-oxygenate the water

Charcoal filter: Charcoal is an effective raw material for treating pond water and reducing acidity.
Charcoal produced from water plants or wood waste can be placed in bamboo baskets or bags at
suitable points in a pond (Figure 16). The charcoal acts as a chemical adsorbent, absorbing water
and reducing acidity. After approximately 90 days, the charcoal should be removed, and can be
repurposed to make fertiliser.

Figure 16. Charcoal treatment improving water in the wetland
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9 Implementation of interventions

Questions to consider at this stage:
» Have you broken the project (including evaluation) into individual jobs?
* In what order should the jobs be completed?

*  Who should complete each job?

9.1 Creating a workplan

Moving from planning to implementation requires a detailed work plan that breaks the project into
clear tasks. These tasks should be scheduled to account for seasonal variation, weather conditions,
and ecological cycles. Key activities include coordinating contractors, securing permits, and timing
works to minimise disruption to the ecosystem and local community. Each task should have defined
roles and responsibilities, supported by active supervision to ensure rehabilitation works meet the
design specifications. This includes regular site inspections, quality control, and prompt resolution of
construction issues. Budgeting and scheduling should also account for the materials, equipment, and
human resources required for each task.

Successful implementation depends on clear communication and coordination among all
stakeholders, including project managers, contractors, local authorities, and the community. Regular
meetings and progress updates help address concerns and keep everyone informed. All activities,
decisions, and changes should be documented to maintain transparency and accountability through
detailed records and reporting.

Implementation should also include risk management, with environmental, technical, and logistical
risks identified early and contingency plans developed. This may involve monitoring weather
forecasts, preparing for unexpected environmental impacts, and ensuring safety protocols are in
place. Ongoing monitoring during implementation supports adaptive responses to unforeseen
challenges (Rutherfurd et al., 2000b).

Implementation involves scheduling, resource allocation, communication, risk management,
monitoring and documentation. These processes are key to wetland rehabilitation working effectively
and sustainably. By addressing these components in an integrated manner, the management plan
supports the achievement of ecological, social, and economic objectives while minimising risks and
challenges during implementation.

9.2 Information to support the workplan

A good understanding of the local context is important to inform a strategic workplan with clear
objectives, priorities and implementation pathways. It helps define what actions are most important,
how they should be staged over time, and what resources and monitoring will be needed to deliver
outcomes effectively and sustainably. Relevant information can include data on forestry resources,
biodiversity, population demographics, geographic scope, weather patterns and technical
specifications for the project.

Key considerations include:

e Environmental: Issues regarding the effect on the animals and ecosystem health as a whole,
effects on flooding or heavy rain, changes in the overall ecosystem including effects on trees.
A site survey will help with assessing watershed and landscape conditions. .

e Construction Phase: Detailed design and construction planning (including dredging), with
attention to logistical constraints such as site access during the wet season.
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e Social: understand how communities use ponds and wetlands for daily needs (e.g., water,
shelter) and livelihoods. Any development must be compatible with local socio-economic
conditions and avoid disrupting key uses.

e Technical: Practical feasibility and staging of implementation, including construction
sequencing, any required excavation or quarry works, and planning for how the site will
evolve over time.

e Gender Equity, Diversity and Social Inclusion (GEDSI): Inclusion should be embedded in
planning and delivery. Construction must not undermine community livelihoods and should
reflect a clear understanding of gender perspectives and indigenous and local needs and
priorities.

Box 10. Example of management plan implementation: Huay Peung—Nong Peung watershed /
Nong Pueng wetland (Paksan, Bolikhamxay Province, Lao PDR)

This example shows how with the support of the Building resilience of urban populations with
ecosystem-based solutions in Lao PDR, provincial and district government translated a
management plan from “paper to practice” by combining clear governance arrangements with
coordinated on-ground works to protect the Huay Peung—Nong Peung urban wetland watershed.).

Planning to governance (who decides, who enforces)

e A series of land-use planning meetings supported development of a land and wetland-area
management plan, including data collection on land parcels across target villages.

e Project partners negotiated with landholders and demarcated the project boundary and
strict protection zones to reduce encroachment and clarify permitted uses.

e A watershed land management committee and village mediation groups were supported,
with draft roles, responsibilities and local agreements/rules to guide shared stewardship
and resolve disputes.

Governance to implementation (what changed in the wetland area)

e Practical restoration works were implemented along 3.6 km of the Huay Peung waterway,
alongside invasive plant management.

e Community waste management and behaviour-change activities were delivered in 13
target villages and 9 schools (808 participants, including 453 women).

e Riparian and catchment actions were reinforced through tree planting (300 trees) and pilots
that reduce polluted runoff and local flooding (e.g., permeable surface demonstrations).

Implementation lessons
Progress required ongoing facilitation because land-use planning remained difficult and some

encroachment pressures persisted (including customary use), highlighting the need for continued
compliance support, mediation, and community engagement.

82




10 Monitoring and evaluation

Monitoring and evaluation involves the ongoing assessment of key indicators such as water quality,
biodiversity, vegetation health, and hydrological conditions. This allows for the early detection of
potential issues and supports knowledge about the effectiveness of implemented interventions.

10.1 Monitoring locations
Monitoring efforts should focus on a variety of areas, including:

e Community awareness activities, ensuring that local communities are engaged and informed
about conservation and sustainable practices.

e Compliance with biodiversity management regulations, ensuring adherence to policies aimed
at protecting natural ecosystems.

e The use of land within the jurisdiction of state and private management, to ensure proper land
use and adherence to legal frameworks.

e Regular collection and analysis of water samples to monitor water quality parameters such as
BOD, pathogens, and other relevant indicators.

Key Activities for Monitoring include;

e Water Quality and Quantity: This includes regular monitoring for pollutants like BOD and
pathogens by following the guidelines on Lao Water Quality (see below).

e Biodiversity and Biota: covers monitoring of the health of plant species and biota.
Overfishing: Observations to ensure sustainable practices.
Changes in the Area: Monitoring of the state regarding anthropogenic activities, land-use
changes, or infrastructure development.

10.2Water Quality Guidelines in Lao PDR

Monitoring efforts are guided by key legal and regulatory frameworks in Lao PDR. These outline
standards and requirements for water quality, land use, and sustainable resource management, given
below:

e Agreement on National Environmental Standards (No. 81/GOV, 21 February 2017)
e Law on Water and Water Resources (Amendment) No. 23/SPO dated 11/5/2017, amended
by No. 84/NA, 01 July 2020 & No. 21/NA, 07 July 2022

Inclusion of Reporting Mechanisms
e Industrial Waste: Industries that dump their waste into the water body should report to
regulators. This includes the establishment of environmental management units and
environmental management plans.
e Private Sector Obligations: When there are government projects, private sectors have to
report to regulators.

10.2.1 Monitoring Bodies

Monitoring is conducted by a committee led by the Provincial Office of Agriculture and Environment
(formerly the Provincial Office of Natural Resources and Environment (DONRE), and Provincial Office
of Agriculture and Forestry (PAFO))

in coordination with the Provincial Public Health Center (PHC) and the land management committee

in the water area. This multi-stakeholder approach ensures comprehensive and collaborative
monitoring efforts.
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10.3 Process of Evaluation on Project Rehabilitation Effectiveness
The effectiveness of rehabilitation projects is evaluated by a broad range of stakeholders, including:

Private consultants with expertise in environmental and rehabilitation projects.
State-owned enterprises involved in environmental management.

International consulting firms with experience in similar projects globally.

Educational and research institutions, which contribute scientific insights and data.
Professionals with prior experience in conducting feasibility assessments domestically or
internationally.

This inclusive approach ensures that evaluations are thorough, objective, and informed by a
combination of local knowledge and international best practices.

Monitoring and evaluation provides data on a project’s success, informs adaptive management, and
ensures accountability and transparency. Monitoring is the collection of information about the goal
(e.g. water quality parameters), and evaluation is an assessment of the monitoring to determine if a
project has been successful or not.

» Do you want to evaluate the completion of the project (outputs), or the influence of the project on the
physical or biological character of the stream (outcomes)?

»  Will the level of evaluation design convince the people that you want to convince about the success or
failure of the project?

« Have you worked out the details of your evaluation plan? (What you will measure, how frequently and
for how long you should measure it, who will measure it, how they will record the measurements, and
how you will analyse the results?)

o  Will your evaluation tell you why the project succeeded or failed?

10.4 Evaluation processes

A first step is to be clear on what is being evaluated based on the vision and goals of urban and
wetland stream projects. For example, it could be decreased erosion, or improved water quality. The
goals need to be converted into a measurable format such as improvement in a water quality bio-
indicator, or change in a specific parameter over a defined period of time.

The type of evaluation needs to be considered depending on the goals or objectives of a project.

«  Execution outputs — whether the project was implemented, the works were implemented (e.g.
structures, fences, etc) — this is more of an accounting exercise to determine how funds were
spent

« Survival outputs — are the interventions implemented still in place over time and how are they
functioning

* Aesthetic outcomes — does the wetland or stream look better than at the baseline (use of
photo and video evidence)

» Physical and chemical outcomes — changes in structural and chemical conditions and if they
are related to the interventions

»  Ecological outcomes — this is often the main driver and measures factors such as changes in
the types, abundance and diversity of species present

The level of confidence that the project has produced a change determines the rigour of the
evaluation needed. If the target audience needs convincing that the specific interventions are
improving stream or wetland outcomes then a more rigorous evaluation is needed. Design depends
on the level of scientific confidence needed and can increase in complexity as follows:

+ Anecdotal observations, e.g. fishermen have reported that they are catching more fish (very
low scientific confidence)
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+ Sampling after rehabilitation, e.g. fish numbers increase in the two years after the project
(low scientific confidence)

+ Sampling after rehabilitation, and comparing with a control — e.g. There were more fish
in the project are compared to a control area with no interventions (moderate scientific
confidence)

+ Sampling before and after rehabilitation, and comparing with a control — e.g. there were
more fish in the rehabilitated area compared to before the project, and the number of fish in
the control area stayed the same (high scientific confidence)

« Sampling at multiple sites within the project and control areas before and after
rehabilitation — e.g. the increase in fish numbers in the project area was greater than any
increases in control areas (very scientific confidence)

The indicators to inform the evaluation need to be decided to measure the success of the project.
Indicators can be biological (e.g., fish population), physical (e.g., habitat structure), or chemical (e.g.,
water quality). Key items to consider are to minimise the number of indicators to focus the evaluation,
use existing routine monitoring where feasible, incorporate community information into the
measurements (e.g. fish catches). The frequency of monitoring should be a balance between
capturing necessary data and the resources available. For example, some indicators might need
weekly monitoring, while others might be monitored seasonally or annually. The duration of
monitoring should be sufficient to observe the expected changes and determine whether the project
goals are being reached. This may range from a few months to several years depending on the
nature of the project and the ecological processes involved .

There should be clear roles and responsibilities for evaluation, and those responsible should have the
necessary expertise and resources. This means identifying individuals or organisations that will
collect, analyse, and report the data. Data management processes should be in place meaning good
record-keeping practices to ensure that data is accurately captured, stored, and accessible for
analysis. This might involve setting up databases, spreadsheets, or other data management systems.
There should also be a plan for how the data will be analysed to draw meaningful conclusions about
the project's success. Analysis methods should be chosen based on the type of data collected and
the evaluation design. This could include statistical analyses, comparative studies, or trend analysis .

Finally, the cost of the evaluation, including equipment, labour, and analysis must be incorporated into
project budgets so there is adequate funding for the entire evaluation process.

10.5Monitoring — parameters and tools

Monitoring involves different approaches and tools, including in-situ measurements, remote sensing,
automated monitoring stations, grab sampling, and biological assessments. These methods allow for
the collection of data on various water quality parameters, such as pH, dissolved oxygen, electrical
conductivity, temperature, and the presence of contaminants. Monitoring different parameters detects
changes in water quality, identifies sources of pollution, and assesses the effectiveness of
rehabilitation, restoration and remediation efforts.

Monitoring methods can include (Rutherfurd et al., 2000a; Victorian Government, 2011):

* In-situ monitoring involves measuring parameters directly at the site of interest using tools such
as portable water quality meters, probes, and sensors.

* Remote sensing uses satellite or aerial imagery to assess different parameters over large areas
using satellites, drones, and specialised cameras.

* Automated monitoring stations are installed at specific locations and continuously monitor
water quality using fixed sensors, data loggers, and telemetry systems.

* Grab sampling involves collecting water samples manually at specific locations and times for
laboratory analysis using Sample bottles, depth samplers, and coolers.

* Biological monitoring assesses the health of aquatic ecosystems by studying the organisms
living in the water using nets, traps, microscopes, and taxonomic keys.
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10.5.1 Sediment and flows

Geomorphological monitoring can provide insights to how natural and anthropogenic factors influence
stream and wetland dynamics, sediment transport, erosion, and deposition. Parameters that can be
assessed include channel form, bed characteristics, hydrology, and floodplain which provide direct
measurable variables for assessing rates of erosion, flood risk, and the potential for restoring aquatic
habitat in urban streams and wetlands (Papangelakis et al., 2023a).

Understanding past geomorphic change allows for assessing whether, how quickly, and how much a
disturbance has affected a river system (Papangelakis et al., 2023b). There are a variety of indicators
that can be used depending on project goals and resources. Information on drainage area, under-
lying geology, and soil type can be easy to assess and determined from existing data and survey.
More difficult information to obtain are watershed scale indicators such as sediment sources and land
use characteristics, but are important for characterising the sediment and flow regime of streams and
wetlands. Additional indicators that provide important geomorphic information but are more difficult to
measure and/or require frequent measurements such as channel width and depth, channel gradient,
full long-profile and topographic surveys, geomorphic unit mapping, discharge, and sediment
transport need to be considered based on the evaluation goals (Papangelakis et al., 2023b).
Papangelakis et al. (2023b) provides a list of geomorphic indicators including their significance for
understanding an area, the ease of measurement, ideal frequency of measurement, and
recommended measurement methods or data considerations.

10.5.2 Water Quality

Water quality monitoring in areas at risk or suspected of affecting water quality is essential. It must be
carried out correctly according to technical principles using effective tools. Portable water quality
meters are suitable for field monitoring. These devices are easy to carry, convenient, and capable of
measuring initial water quality indicators such as potential of hydrogen (pH), electrical conductivity
(EC), dissolved oxygen (DO), total dissolved solids (TDS), and salinity. If the water quality
measurements exceed the set standards, water samples should be collected for laboratory analysis to
investigate potential chemical contamination.

Acidity-Alkalinity (pH)

The pH value indicates the acidity or alkalinity of dissolved substances in water, ranging from 1 to 14.
Neutral water has a pH value of 7. If the pH value is lower than 4, the water is considered acidic; if the
pH value is higher than 10, it is considered alkaline. According to national environmental standards,
surface water quality standards generally range from 6 to 8, while groundwater standards range from
610 9.

Electrical Conductivity (EC)

The ability of water to conduct electric current depends on the concentration of ions in the water. The
electrical conductivity (EC) value indicates the number of ions present. A high EC value suggests a
higher amount of chemical contamination. Generally, for water sources with good natural quality—
those not subjected to manufacturing processes, chemical mixing, or any form of pollution—the
standard surface water quality value is less than 500 uS/cm for sources used for consumption,
provided they undergo disinfection. Such water is suitable for industrial use and for treating
wastewater from cities or communities, with a standard value of less than or equal to 4,000 yS/cm as
defined by national environmental standards.

Dissolved oxygen (DO)

Dissolved oxygen (DO) is the amount of oxygen present in water. It is a critical indicator for the
survival of aquatic organisms and animals. Low DO levels can negatively impact these organisms.
Generally, for water sources with good natural quality—those not subjected to manufacturing
processes, chemical mixing, or any form of pollution—the standard surface water quality value is
more than 7 mg/L for sources used for consumption, provided they undergo disinfection. Such water
is suitable for industrial use and for treating wastewater from urban or community facilities, with a
standard value of less than or equal to 2 mg/L as defined by national environmental standards.
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Total Dissolved Solids (TDS)

Total dissolved solids (TDS) refer to the amount of small solids present in water that can pass through
a standard filter paper. This value is calculated by evaporating the water that has passed through the
filter paper. According to national environmental standards, the standard value for water pollution
control in public stormwater drains is 1,300 mg/L.

Salinity

Salinity refers to the concentration of dissolved salts in water, particularly sodium chloride (NaCl).
According to national environmental standards, the standard value for drinking water quality is 320
mg/L.

Temperature

Temperature refers to the level of heat or cold of the water released into natural water resources. If
the water temperature is too high, it will reduce the dissolved oxygen in the water, negatively affecting
aquatic organisms and animals. According to national environmental standards, the allowable water
temperature is not more than 40°C.

Figure 17. Field kit of water quality meters HANNA HI98194 that can measure the initial water quality
5 indicators (pH, EC, DO, Salinity and Temperature)

GPS (Global Positioning System)

This tool is used to determine the location during actual monitoring in the field, such as village
location, catchment area, water quality monitoring point, nearby community areas and other areas.
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Figure 18. GPS using in the field brand Garmin GPSMAP 64csx Handheld GPS

10.5.3 Ecological health

Biota including vegetation, macroinvertebrates and fish are commonly used as indicators to reflect the
condition of aquatic ecosystems. The biological diversity, abundance, tolerance, and composition are
all common measures of these biota (O’Brien et al., 2016). The combination of physical (e.g.
sediment and flows), chemical (e.g. water quality) and biological indicators can together provide an
understanding of overall ecosystem health (O’Brien et al., 2016)

Vegetation within wetlands

For vegetation within wetlands, there are several indicators that help assess the diversity and health
of plant communities, which support soil stability, erosion control, nutrient cycling and habitat
provision. Indicators can include (Belletti et al., 2017; Breen & Lawrence, 2006; Victoria State
Government, 2010; Victorian Government, 2011):

e Species richness and composition which includes the variety and abundance of plant species,
including native and invasive species.

e Vegetation structure is the vertical and horizontal layering of vegetation, including emergent,
submerged, and floating plants.

e Biomass production measures the amount of plant material produced, indicating primary
productivity.

e Plant health such as leaf chlorophyll content, growth rates, and signs of stress or disease.

e Habitat complexity covers the structural complexity provided by vegetation, which supports
various wildlife species.

e Inundation patterns and how different vegetation types respond to wetting and drying cycles,
which influence growth and reproduction.

Macroinvertebrates and fish

Macroinvertebrates and fish are vital bioindicators of water quality and habitat health. These
indicators provide insights into the biological integrity of streams and wetlands, reflecting the impacts
of pollution and habitat changes, and can include (Belletti et al., 2017; Breen & Lawrence, 2006;
Victoria State Government, 2010; Victorian Government, 2011):

® Species diversity and abundance are determined by the number and types of
macroinvertebrate and fish species, focusing on sensitive and tolerant species as indicators
of water quality.

® Community composition determines the diversity of macroinvertebrate and fish communities
to detect shifts due to pollution or habitat changes.

® Functional feeding groups identifies the distribution of feeding groups (e.g., predators,
shredders, filter feeders) to understand ecosystem processes like decomposition and nutrient
cycling.
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® Life cycle stages monitors different life stages of macroinvertebrates and fish (e.g., larvae,
juveniles, adults) to assess reproductive success and population dynamics.

® Bioindicators is the use of specific species known to be sensitive to environmental changes to
assess the overall health of the ecosystem.

® Habitat use observation of different habitat types (e.g., riffles, pools) by macroinvertebrates
and fish, indicating habitat quality and availability.

Aquatic plants in streams and wetlands

Measuring the health of aquatic plants in streams support an understanding of primary productivity,
nutrient cycling, and the overall health of aquatic ecosystems. Indicators include (Belletti et al., 2017;
Breen & Lawrence, 2006; Victoria State Government, 2010; Victorian Government, 2011):

e Species composition of the types of aquatic plants present, including algae, submerged, and
floating species.

e Growth rates and plant coverage in the stream, indicating primary productivity.

e Photosynthetic activity assesses chlorophyll concentration and photosynthetic rates as
indicators of plant health and productivity.

e Nutrient Uptake can be measured by monitoring nutrient concentrations in plants to
understand their role in nutrient cycling and water quality improvement.

e Oxygen production evaluates the contribution of aquatic plants to dissolved oxygen levels
through photosynthesis, which supports aquatic life.

e Chemical interactions between aquatic plants and other organisms that might influence
community composition and ecosystem dynamics.

® The role of aquatic plants in providing habitat and refuge for macroinvertebrates and fish.
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11 Maintenance

Maintenance of urban wetland and streams includes (Breen & Lawrence, 2006):

e Vegetation management — includes regular pruning and thinning may be necessary to
maintain optimal light and nutrient conditions, and vegetation buffers should be monitored
and maintained to prevent encroachment and ensure they effectively filter runoff and
provide habitat.

e Sediment and erosion control — includes regular removal of excess sediment from
channels and ponds to prevent clogging and maintain water flow; as well as stabilisation
of banks to limit erosion.

e Hydrological management — includes ensuring that water levels are kept within the
desired range to support vegetation and aquatic life, through adjustment of structures
such as weirs and retention basins to manage flow rates and water levels effectively.
Stormwater flows also need to be monitored and managed to minimise flooding and
excessive nutrient loading.

e Waste and debris management — includes regular clean-up activities to remove trash,
fallen branches, and other debris that can obstruct flow and degrade water quality.

e Invasive species control - through regular surveys to detect and control invasive plants
and animals. There can be rapid response using physical, chemical, or biological control
methods.

Good maintenance will ensure that the ecosystems are long-lasting and functional to support
sustainable water and land use practices.

Importantly, wetland and stream maintenance in Laos is embedded within participatory governance
arrangements. Provincial and district authorities work alongside village administrations and watershed
committees to implement, monitor, and enforce maintenance activities to provide a sense of
ownership and stewardship. Furthermore, regular reporting to stakeholders, including local
authorities, funding bodies, and the community, ensures transparency and accountability. Educational
programs and workshops can inform residents about the importance of urban streams and wetlands
and how they can help maintain them. Volunteer programs for monitoring, clean-ups, and planting
events can provide valuable support and enhance community connection to these natural spaces.

11.1 Entities Responsible for Maintenance
Organisations that would normally be responsible for maintenance in Laos include:

e Provincial Governor's Office

e Provincial Department of Agriculture and Environment, formerly Provincial Department of
Natural Resources and Environment (DONRE), and Provincial Department of Agriculture and
Forestry (PAFO)

Provincial Department of Public Works and Transportation

Provincial and District Public Works and Transport Departments

Organisations such as the Lao Women's Union, Lao Youth Union

Local authorities and village committees

11.2Covering Costs

The cost for maintenance activities has generally been met through a mixture of government budgets,
support from development partners and community contributions. Costs that must be provided to
protect and monitor the facility:

e Travel and operation costs (Transportation, Meal allowance, accommodation for staff)
e Hardware and supplies; to name a few, GPS machinery, cameras, computers, binoculars,
water quality meters, kits for testing soils, service vehicles.
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Box 11. Example of Wetland and Stream Maintenance in Laos

Wetland and stream maintenance in Lao PDR, as demonstrated through the Houay Peung
Wetland Management Plan, is based on an integrated approach that combines ecosystem
restoration, land-use regulation, community participation, and climate resilience. The Houay Peung
wetland and stream system plays a critical role in flood mitigation, water storage, food security, and
livelihoods, while also functioning as an urban ecological corridor that connects to the Mekong
River. Maintenance actions therefore prioritise keeping waterways hydrologically functional,
ecologically healthy, and socially supported.

Core maintenance activities focus on sediment and waste management, recognising that
sedimentation, solid waste, and invasive species obstruct water flow and increase flood risk during
the rainy season. Regular surveys and clearing of sediments, debris, and invasive aquatic and
riparian vegetation are undertaken along streams, canals, and wetland zones to restore channel
depth, improve water circulation, and enhance storage capacity. These actions are complemented
by systematic water quality and sediment monitoring, using nationally aligned testing methods, to
track pollution levels and guide adaptive management decisions

A second pillar of maintenance is the restoration and protection of riparian and wetland buffer
zones. Native vegetation is replanted along streambanks and wetland edges to stabilise soils,
reduce erosion, filter runoff, and improve habitat connectivity for aquatic and terrestrial species.
Buffer zones are clearly demarcated into core protection areas, buffer areas, and controlled use
zones, supported by local regulations and enforcement mechanisms. This zoning approach helps
prevent encroachment, unmanaged agriculture, and infrastructure development that could degrade
wetland function over time (Department of Climate Change [Lao PDR], 2023).
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