


Climate-Resilient Ecosystem Restoration through Public Land Forests in Churia-Terai River Systems of Nepal

Abstract
Public Land Forests (PLFs) represent a promising nature-based solution for climate-resilient landscape restoration in Nepal’s Churia-Terai region. This study, conducted under the Building a Resilience in Churia Region of Nepal (BRCRN) project, assessed the ecological and socio-economic potential of PLFs across 26 river systems using geospatial analysis, stakeholder consultations, and field validation. A total of 83 sites covering 3,244 hectares in 18 river systems were identified, highlighting the feasibility of transforming degraded public lands into productive, multifunctional ecosystems through community-led agroforestry. PLFs contribute to riverbank stabilization, biodiversity conservation, and carbon sequestration, thereby mitigating flood and sedimentation risks and enhancing local adaptive capacity. Participatory governance and inclusive benefit-sharing further strengthen community ownership, particularly among marginalized populations. Despite enabling policies, challenges persist in tenure security, inter-agency coordination, and data integration. Scaling this model requires strengthened institutional frameworks and strategic investment to align ecological restoration with pro-poor development and climate mitigation goals.
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1. Introduction
Public lands serve as crucial ecological assets for climate change adaptation and mitigation, providing essential services such as carbon sequestration (Houghton et al., 2012), water regulation, and biodiversity conservation (Nistor, 2021; Nair et al., 2009; Zomer et al., 2016). In Nepal’s Churia-Terai region—one of the country's most fragile and socioeconomically exposed landscapes—these services are increasingly compromised by climate-induced hazards including floods, droughts, and erosion-driven land degradation (Karn, 2007; Bellard et al., 2012; Thapa, 2021; Hansen et al., 2012; PCTMCDB 2017).
Anthropogenic land-use transformations have disrupted ecological functions, amplifying risks to both ecosystems and communities. As multiple studies suggest, poor land governance can intensify these vulnerabilities, making adaptive, integrated management approaches essential (Dirmeyer et al., 2010a; Dirmeyer et al., 2010b; Verburg, 2006; Clifford et al., 2020; Moser & Ekstrom, 2010). However, translating such frameworks into action in Nepal remains challenging. Constraints include limited institutional capacity, inadequate financing mechanisms, and fragmented policy execution (Peng et al., 2017a; Peng et al., 2017b; Jamet & Corfee-Morlot, 2009).
These governance gaps are compounded by tenure insecurity and weak coordination among local and central agencies, mirroring broader barriers observed in the Global South (Unruh, 2004; Larson et al., 2010; Ojha et al., 2016). Though the Local Self-Governance Act (1999) grants jurisdiction over riverbanks, unregistered lands (parti ailani), and institutional areas to local governments, actual land management remains constrained by unclear mandates, outdated cadastral records, and procedural disconnects (Department of Land Reform and Management, 2010–2011; Ministry of Land Reform and Management, 2015; Bhattarai, 2021; Sapkota, 2016; Acharya, 2007; Acharya, 2008; CIC, 2018).
Nature-based solutions, particularly Public Land Forests (PLFs), offer an effective response to thes e intersecting challenges. By integrating afforestation, agroforestry, and community stewardship, PLFs advance ecological restoration through low-cost, high-impact interventions (Sunderland & Rowland, 2019; Smith et al., 2020; Seddon et al., 2020). When implemented via gender-inclusive and participatory planning, such models can stabilize riverbanks, rehabilitate ecosystems, and support climate-resilient livelihoods (Katherine et al., 2020; Reid et al., 2019; Dhungana et al., 2011; Rudel, 2009; Kelly, 2020; United Nations, 2003; FAO 2019; FAO 2020).
2. Methodology
[image: F:\A1_River System_BRCRN.jpg]This study employed an exploratory research design to evaluate the status, spatial distribution, and restoration potential of Public Land Forests (PLFs) across 26 river systems in Nepal’s Churia-Terai region under the Building Resilience in Churia Region of Nepal (BRCRN) project. A mixed-methods approach—combining geospatial analysis, participatory field assessments, and stakeholder consultations—was adopted to ensure analytical rigor and context-specific insights.
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2.1 Tools and Techniques
To systematically document and assess PLF dynamics, the study deployed the following data collection and analysis tools:
· Spatial Mapping and GPS Survey-
GPS devices were used to map PLF sites larger than 0.5 hectares. The data were integrated into GIS software to generate geospatial outputs for site analysis and visualization.
· Focus Group Discussions (FGDs)-
A total of 37 FGDs were conducted with key stakeholder groups: Community Forest User Groups (CFUGs, 20), municipal representatives (10), and forestry staff (7). These discussions captured land-use history, restoration practices, and perceptions of PLF governance.
· Key Informant Interviews (KIIs)-
Forty KIIs were held with District Forest Officers (10), Assistant Forest Officers (9), ward officials (12), and CFUG leaders (9) to explore policy implementation, institutional coordination, and governance mechanisms.
· Document Review –
Secondary sources—including BRCRN project records, Divisional Forest Office (DFO) documents, and historical data from earlier initiatives such as the BISEP-ST project—were analyzed to contextualize primary findings.
· Validation Workshop-
A stakeholder workshop convened in Kathmandu brought together BRCRN technical staff and local representatives to review initial findings, resolve inconsistencies, and refine interpretations through expert feedback.
2.2 Study Area
The research was conducted across 26 river systems spanning 11 districts in Nepal’s Koshi, Madhesh, and Bagmati Provinces. This region includes the Churia range and adjacent Terai plains—one of Nepal’s most ecologically sensitive zones. Characterized by loose alluvial soils and frequent climate-induced hazards such as floods, landslides, and wildfires, the Churia landscape serves as a groundwater recharge zone and a water source for over 14 million people. Restoration interventions targeted riverine corridors identified through vulnerability mapping and land-use assessments.
2.3 Data Analysis
Data were systematically cleaned, coded, and analyzed using both quantitative and qualitative techniques. GIS tools facilitated spatial pattern analysis of PLF distribution, while thematic coding of FGDs and KIIs enabled synthesis of socio-ecological narratives. Triangulation of field observations with documentary evidence ensured methodological transparency and empirical robustness.
3. Result and discussion
3.1 Institutional Typologies and Community Engagement in PLFs across River Systems
 (
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 Types of PLF Groups
)A total of 53 Public Land Forest (PLF) groups were identified across 10 of the 26 targeted river systems, representing a spectrum of community-based management models with varying degrees of formal recognition. These include 4 formally registered Community Forest User Groups (CFUGs), 35 agroforestry groups under local governments (Plaices), and 14 informal riverbed plantation groups. The distribution, with the highest concentration in the Lakhandehi River system, reflects both the availability of public land and the strength of community engagement in restoration practices. Each group typology demonstrates distinct institutional dynamics: CFUGs operate under structured legal frameworks with secure tenure and benefit-sharing mechanisms; agroforestry groups manage diverse plantations under decentralized, locally responsive systems; and informal riverbed groups, despite lacking formal status, contribute significantly to ecological restoration through grassroots mobilization. The spatial pattern of PLFs corresponds closely with biophysical factors—particularly in midstream and downstream areas prone to sedimentation—and institutional readiness. These findings underscore the potential for scaling PLF-based restoration by enhancing tenure security, formalizing community roles, and strengthening institutional support to achieve broader climate resilience and sustainable land use outcomes.
3.2 Demographic Profile of PLF Beneficiaries

[bookmark: _Toc105681145]Demographic data from 18 river systems with active Public Land Forests (PLFs) reveal 86,775 households and 394,096 individuals—comprising 190,947 males and 207,155 females—indicating a slightly higher female representation. On average, each river system supports around 4,821 households and 21,894 people. Although some data duplication may exist due to overlapping ward boundaries, the dataset offers a strong snapshot of the communities directly engaged in or affected by PLF interventions. The scale of human dependence on these restored landscapes highlights the dual ecological and socio-economic importance of PLFs. Beyond ecosystem resilience, PLFs function as platforms for inclusive livelihood development. These demographic insights reinforce the need for participatory governance, equitable benefit-sharing, and gender-sensitive planning to ensure restoration efforts enhance well-being and adaptive capacity—particularly among marginalized and vulnerable groups.
3.3 Distribution of PLF and PLF groups
A total of 83 Public Land Forests (PLFs) were identified across 26 river systems, reflecting significant community-led restoration efforts in the Churia-Terai landscape. Spatial analysis shows the highest concentration in the Lakhandehi River system (15 sites), followed by Khando Khola, Balan Nadi, and Biring Khola. In contrast, only one PLF was found in river systems such as Mechi Nadi, Bihul Khola, Tanwa Khola, and Chadaha Khola, indicating limited intervention in those areas. The total area under PLFs—including lands encroached, municipally managed, or restored through Divisional Forest Offices (DFOs) and the Chure program—covers 3,244.1 hectares, with site sizes ranging from 0.5 to 764 hectares. Notably, eight river systems (e.g., Bihul, Gideri, Sunkoshi, Bataha, Thakurkhola, Tanwakhola South, Kokraha, and Patnali) lack sizeable PLF coverage, revealing gaps in restoration outreach. These findings underscore both the scale of current PLF implementation and the geographic disparities that call for strategic expansion and targeted investment in underrepresented areas.



Figure 3. Distribution of PLFs in River System
3.4 Legal and Institutional Characteristics of PLF Governance
While biophysical traits define where PLFs can be established, their long-term sustainability is equally governed by the legal and institutional landscape. Nepal’s Land Revenue Act (1977), reinforced by its 1979 amendment, explicitly prohibits private claims over public lands and assigns custodial responsibility to District Land Revenue Offices. Article 22A requires the registration and inventory of public lands, aiming to establish a legal identity and facilitate monitoring. However, implementation has been hampered by weak enforcement, outdated cadastral records, and fragmented bureaucratic oversight.
Institutional coordination between land administration and forestry bodies remains limited, often leading to overlaps or gaps in jurisdiction. Without clear land tenure recognition and defined mandates, local governments and community stakeholders face hurdles in managing restoration initiatives or attracting investment. Moreover, absence of harmonized data and mapping systems complicates identification and planning of suitable PLF sites.
Strengthening governance systems requires not just legal clarity but also operational mechanisms for inter-agency coordination, local capacity building, and participatory stewardship. When institutional frameworks are aligned and functional, they unlock opportunities for scaling restoration, safeguarding public land resources, and integrating community voices in ecosystem management. Therefore, institutional readiness—marked by coherent policies, robust implementation, and cross-sector collaboration—is foundational to the success and scalability of PLFs in Nepal’s dynamic riverine corridors.
3.5 Community-Based Benefit-Sharing Mechanisms in PLFs
[bookmark: _Toc105681162]Community-based benefit-sharing mechanisms are emerging as key enablers of sustainable Public Land Forest (PLF) management across Nepal. Experiences from Sarlahi, Mahottari, and Dhanusha districts illustrate how diverse public land types—such as municipal, Guthi/trust, and institutional lands—are being repurposed for ecological restoration while supporting local livelihoods.
A leading example is the Lakhandehi River corridor, where a collaborative PLF model, supported by UNDP and facilitated through Harion Municipality with a local NGO, demonstrates the potential of inclusive governance. Two PLF sites—upstream and midstream—are managed under a transparent benefit-sharing framework designed to integrate agroforestry with equitable economic returns.
Key elements include initial infrastructure and technical inputs (e.g., irrigation, electrification, mechanization, training), diversified agroforestry practices combining short-cycle crops with long-term species (mango, litchi, moringa), and 30-year land lease agreements with user groups. The income-sharing model allows producers to retain full agricultural income while horticultural and forestry proceeds follow a 60:40 split—favouring communities over the local government. Tree products are treated as shared assets, reinforcing joint stewardship.
This model exemplifies a scalable, nature-based solution that aligns ecological restoration with social equity, fostering local ownership, institutional accountability, and long-term sustainability. Institutionalizing such benefit-sharing arrangements is vital for replicating PLF success across the Churia-Terai landscape.
4. Integrated PLF Management: Ecological Integrity and Implementation Mechanisms
The Public Land Forest (PLF) Management Plan adopts a dual-cropping strategy that balances immediate livelihood needs with long-term ecological restoration. This phased approach integrates short-term income generation with the gradual establishment of resilient, multifunctional landscapes.
Short-term interventions—including vegetables, spices, and fodder—are introduced in the first year to incentivize community engagement. Activities such as group formation, participatory planning, land delineation, training, and initial infrastructure (fencing, irrigation) lay the groundwork for sustainable agroforestry.
Long-term components focus on perennial species like fruit trees, fodder plants, and timber (e.g., Sissoo, Khayer, Moringa), which enhance carbon sequestration, stabilize soils, and build ecosystem resilience. These are supported by benefit-sharing frameworks, market linkages, and capacity-building for long-term stewardship.
This sequenced, community-centered model ensures that PLFs function both as short-term economic buffers and long-term ecological assets. Anchored in secure land tenure and local institutional mechanisms, it offers a replicable pathway for climate-resilient, inclusive landscape management in Nepal’s riverine corridors.
5. Ecological Integration for Riverbed Restoration through PLF Management
The Public Land Forest (PLF) management plan provides a holistic strategy to restore degraded ecosystems in climate-vulnerable river systems, where 14 out of 26 basins face severe threats from flooding, sedimentation, and land degradation. Ecological integration is central to this plan, aligning nature-based solutions with community resilience and sustainable land use.
Key interventions include riverbed stabilization through civil works (e.g., gabions, check dams) and vegetative restoration to re-establish hydrological balance and prevent erosion. Integrated agroforestry systems, tailored to local biophysical conditions, combine short- and long-cycle crops to regenerate soil health, sequester carbon, and diversify livelihoods.
This ecosystem-centered approach is reinforced by tenure security, institutional strengthening, and adaptive monitoring, ensuring that ecological restoration goes hand-in-hand with inclusive development. The model positions PLFs as critical ecological buffers and productive landscapes, offering a replicable framework for climate-resilient restoration across South Asia’s vulnerable river corridors.
6. Discussion
This study affirms the potential of PLFs as multifunctional systems for ecological restoration and social equity in the Churia-Terai landscape. Despite the enabling policy environment—namely the Forest Act (2019) and Local Self Governance Act (1999)—fragmented governance and insecure tenure persist (Ojha et al., 2016; Sapkota, 2016), echoing similar challenges across South Asia and Sub-Saharan Africa (Unruh, 2004; Larson et al., 2010).
Geospatial assessment of 83 PLF sites shows that agroforestry interventions in sediment-prone zones enhance soil stability and ecological buffering, consistent with findings in India’s Ganges Basin (Singh et al., 2015) and broader agro ecological literature (Nair et al., 2009; Zomer et al., 2016; McNealy, 2017b). Restoration of carbon-depleted soils is supported by microbial efficiency and organic matter stabilization theories (Allison et al., 2010; Corfu et al., 2013; Wang et al., 2021), which underscore the long-term carbon benefits of vegetation regret. Feininger et al. (2011) argue that multifunctional systems that integrate ecological restoration with social equity are essential for achieving sustainable landscape management, as they address both environmental degradation and the livelihood needs of marginalized communities.
The participatory nature of PLFs—including over 86,000 households with balanced gender representation—highlights their social inclusion potential (Reid et al., 2019; Knapp, 2011; Joyce et al, 2009). Such models build adaptive capacity while addressing livelihood insecurity among marginalized groups (Dhungana et al., 2011; Sugden et al., 2016; LFP, 2003; McNealy, 2017a), fulfilling the tenets of climate-resilient development.
Yet, legal asymmetries remain—agroforestry groups often lack formal registration compared to CFUGs, creating inconsistencies in benefit-sharing and accountability (Jammarkattel et al., 2009). This underscores the need to harmonize tenure rights under Article 22A of the Land Revenue Regulations (1979) and modernize cadastral records (LBMC Acts, 1963–1999).
Public land governance is central to Nepal's climate strategy. As argued by Kelly (2020), restoring public land is vital to solving the climate crisis. Similarly, Smith et al. (2020) and Sunderland & Rowland (2019) stress that integrated land management delivers co-benefits for food security, ecosystem health, and climate resilience—goals that PLFs align with on the ground, and Cortner & Moote (1999) highlights that politics and stakeholder conflicts influence ecosystem management policies.
Yifang, Gong, & Gini (2015) highlight how satellite-based land cover mapping helps monitor changes over time. For BRCRN’s PLF sites, this supports adaptive restoration by tracking floods, erosion, and vegetation shifts—helping local governments and communities make informed, climate-resilient decisions for managing public lands in the Churia-Terai region.
7. Issues of Public Land Forestry
Despite the existence of the Public Land Forest Development Implementation Guidelines (2062 and 2068), and the provision in the Forest Act 2019 mandating the registration of public lands, significant gaps remain in terms of data collection and mapping of such lands at the district level. The absence of secure access and use rights for marginalized and poor communities not only hinders the optimal utilization of public and common forests but also impedes livelihood diversification, exacerbating vulnerability, food insecurity, and social tensions (Unruh, 2004). However, the establishment of Public Land Forest (PLF) groups has shown promise—these groups enhance environmental conservation, mitigate natural hazards, and foster social cohesion and livelihood opportunities through activities like agroforestry, collective fish and vegetable farming, and livestock management. As emphasized by Kunwar et al. (2008), Public and Institutional Land Management (PILM) groups, when supported by robust policies and long-term community commitment, can serve as viable entry points for broader development efforts, especially in Nepal's southern regions. The PCTMCDB (2017) reinforces the need for inclusive participation of poor, marginalized, and Dalit households in public land conservation and rehabilitation. Policy analysis further reveals that secure tenure and clearly defined user rights are crucial to incentivize sustainable land and forest use, prevent environmental degradation, and enhance food security. Foundational policies like the Local Self Governance Act (1999) delegate land management responsibilities to local governments, empowering them to maintain public land inventories. This is further supported by MoFA’s 2078 directive. The Public Land Management Guideline (2006) and the National Land Use Policy (2015) offer frameworks that while environmentally conscious, lack provisions for scientific land productivity enhancement. The 'Standard for Allowing the Use of Public Land-2021' reinforces that only government bodies may access public land for up to 30 years, based on demonstrated need—highlighting a shift toward more systematic land governance while still leaving critical tenurial and equity challenges unaddressed.
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