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Talk Outline

To underscore the importance and potential of ecosystems in

solving local, national and regional challenges and seek

collaboration to sustainably management them

Key Points will be to:

1. Introduce integrated and interactive nature-human

interaction and it’s strengths and weaknesses;

2. Understand the Issues and limitations of NbS and

Community based Solutions (CbS);

3. Exploring the opportunities and challenges of Community

empowered NbS for building resilient socio-ecological

ecosystems.



Innovative approaches, case 

studies and success stories shared 

from few ecosystems that provide 

overview on integrated application 

of NbS and CBA



My Expectations while I deliver this talk

• To influence and endorse the knowledge base on complex issues

related to NbS that also addresses ecosystem conservation and

efforts to create healthy ecosystems by understanding the

importance and judicious application of NbS.

• To provide overview on advanced and emerging knowledge with

reference to increasing the resilience of ecosystems using NbS and

Indigenous and Traditional Knowledge (ILK) based CBA available

with indigenous and local communities.

• To provide you details on key requirements in implementing NbS;

• Seeking your comments and contributions that can help for vertical

and horizontal scaling up of NbS approach from local to landscape

to ecosystem level



1. Why do ecosystems matter for developing

resilient societies to disasters and climate

change?

2. What are the strategies for managing

uncertainties while, also addressing socio-

economic development



stockholmresilience.org



Major Environmental Challenges

• Poverty

• Deforestation, Biodiversity and
Habitat Loss leading to Species
extinction

• Marine pollution and coastal area
degradation

• Water shortage and ground water
depletion

• Sustainability and Urbanization

• Increased pollution, Poor resource
management

• Non-sustainable Agriculture

• Transboundary KBA

• CLIMATE CHANGE as Mega
Driver
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Mountain Vegetation-Landslides, Mudslides, Rockfall

Indian Himalayan Region Western Ghats



Riverine and Wetlands-Flood Control



Coastal Vegetation: Coastal Hazards



Crop Diversification for drought tolerant varieties 



DEFORESTATION

BIODIVERSITY LOSS

DETERIORATION OF DRAINAGE PATTERN

UNSCIENTIFIC DEVELOPMENT

INCREASING HYDRO ELECTRIC PLANTS

INCREASE IN INFRASTRUCTURAL FACILITIES

CAUSING LAND SLIDES

CLIMATE LED VULNERABILITIES

INSUFFICIENT DISASTER PREPAREDNESS

(REMOTENESS)

LACK OF AWARENESS AMONG LOCALS

New challenges and issues in Watershed 
Management across India



Application of NbS

• Challenges and issues in Watershed

Management and Rural development

• New opportunities in Integrated and participatory

management of resources along with socio-

economic development

• New approaches in the context of ensuring

Food, Water, and Energy security;





Nature-based Solutions (NbS)

Nature-based Solutions (NbS) are actions to protect, sustainably

manage and restore natural or modified ecosystems, which address

societal challenges (e.g. climate change, food and water security or

natural disasters) effectively and adaptively, while simultaneously

providing human well-being and biodiversity benefits.

The NbS concept, as used in environmental sciences and nature

conservation contexts, has emerged to search for ways to work with

ecosystems-rather than relying on conventional engineering solutions

To adapt to and mitigate climate change effects, while improving

sustainable livelihoods and protecting natural ecosystems and

biodiversity.





“NbS helps sustainable management, conservation and 

restoration of ecosystems to reduce disaster risk, and 

climate uncertainities with the aim to achieve sustainable 

and resilient development” 

Addresses risk management for climate and non climate 

related disasters

“NbS helps people adapt to the adverse effects of climate 

change.”

Addresses climate-related hazards, long term mean 

changes in micro-climate and future uncertainties



IUCN CEM, 2016



Nature based Solutions: Ecosystem Approach

• An approach that puts people and their natural resource

use practices at the center of decision making

• To seek balance between the conservation and use of

biological diversity

• Relevant to professionals and practitioners active

planning

• Helps to identify and understand the process of change

in ecosystems and enables to plan adaptive strategies

• CBD supports application and implementation of EBA

(Decision VII/11)
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Biodiversity

Management
Ecology

Landscape planning

Aesthetics Sustainability

Ecological
Benefits

RESILIENCE

NbS: Linking Ecology, Sustainability and Aesthetics



Air pollution-Water quality-Solid Waste-
Microclimatic Control-Invasive species-

Ecosystem services 

Conserving biodiversity- Rural planning 
Green networks-Habitat connectivity

BETTER ECOLOGICAL OUTCOMES
Increased flow of ecosystem Services; 

Better Carbon Sinks
Improved Quality of Life and Reduced disaster risks





NbS: The Ecosystem based Approach

IUCN Approach for 5 Steps to implementation 

Step A Defining the stakeholders and defining the ecosystem 

area

Determining the main stakeholders, defining the ecosystem 

area, and developing the relationship between them

Step B Ecosystem structure, function and management

Characterizing the structure and function of the ecosystem, and 

setting in

Place mechanisms to manage and monitor it

Step C Economic Issues

Identifying the important economic issues and what will affect 

the ecosystems and its inhabitants

Step D Adaptive management over space

Determining the likely impact of the ecosystem on adjacent 

ecosystems

Step E Adaptive management over time

Deciding on long term goals, and flexible ways of reaching them



Copyright: Dhyani et al., 2018



Key Pointers

Despites the various strength, ecosystem-based approaches/NbS are not

panacea for all types of risk reduction.

NbS strategies must be pursued according to a case by-case basis in

order to tackle local risks and impacts effectively.

In some cases, a hybrid approach that combines the functions of both hard

and soft infrastructures can be more effective

There continues to be a gap between the science and its usage in

evidence-based policy-making, this leads to unclear and sometimes

contradictory information on the role of ecosystems or NbS for DRR,

(quantification of ecosystem value and services to reduce vulnerability)

Furthermore, efforts to harness ecosystem services to require strong

involvement and commitment of governance actors across all levels.

This facilitates joint and integrated actions for realizing the benefits of 

NbS.



CHOOSE WISELY….
“Just because something grows fast and yields better biomass 

doesn`t means it suits local environment. Either they are 
pioneers or exotics.

So, sense of introducing only natives should
Be the agenda”

Vs



Exponential increase in the vulnerability of the society due to 
disasters

Disaster Risk 
Reduction
has been a 

challenge so far

Increase in 

new disaster 

hotspots





Case Study Approach to demonstrate integrated NbS and CbA: Socio-
Ecological approach to effectively address Uncertainties

Natural Ecosystem: Western 
Himalaya

Man-made Ecosystem: Growing 
Urban Sprawls in India: Nagpur



Disasters have socio-ecological linkages

Forest 
Degradation

Slope 
Destabilization

Landslides

Reduced flow of 
provisioning ES

Enhanced women 
drudgery

Affects 
education, health 

and social 
environment

Dhyani et al., 2011. Biomass&Bioenergy
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 Agriculture along with Animal husbandry is source of livelihood for over 70% of

population and plays a vital role in the rural economy largely based on different

land base interventions.

 Inaccessibility of most the areas and deprived socio-economic status of locals is

responsible for the total dependence of the local inhabitants on nearby forest

areas for their biomass demands.

 Locals of the state face a huge amount of fodder deficiency every year. The most

serious problem is the unavailability of forage, particularly in winters and adds to

the drudgery of local women folk.

 Forests are already in a degraded stage in most of the areas and further

exploitation can erode living standards as well as ecosystem stability.

Background
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Work Elements

 To screen and propagate promising fodder species on community

lands.

 To rehabilitate village commons with people’s participation and

develop a fodder based pilot model for replication.

 To build capacity for strengthening fodder resources within village

ecosystems.

 To suggest a workable strategy for replication of fodder-based

approach for reducing forest degradation and women drudgery.
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Action Plan
• Selection of Villages to access demand, supply and shortage of fodder

collected, involvement of women and their drudgery.

• Selection of community land for Fodder bank model and nursery set up.

• Identification of fast growing, high biomass yielding, nutritious

(indigenous and introduced) fodder plants.

• Fodder bank and nursery site development and plantation during

monsoon and spring.

• Mass propagation of some preferred and indigenous high altitude fodder

trees.

• Developing local capacity
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Methodology

1. Interactive data gathering tools and phyto-sociological investigation to identify

preferred species, fodder collection scenario and involvement of women.

2. Participatory Rural Appraisal exercise to identify suitable land to develop fodder

bank model and nursery.

3. Meeting and discussions followed by signing of MoU with locals for developing

fodder bank model in village community wasteland.

4. A detailed review of literature, institute brochures and reports, discussion with

scientists, expert individuals, meetings with locals to screen and propagate

promising fodder species .

5. Site development on scientific lines by active community participation

particularly women.

6. Mass propagation of three preferred species by vegetative propagation.

7. Capacity building by expert lectures in local language and hands on practice for

right plantation techniques and mass multiplication of fast growing grass fodder.
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• Fodder removal calendar was developed to reflect fodder

removal pattern around the year.

• More than 48 prominent fodder species (including

trees, shrubs and herbs) were listed with data on their

crude protein percentage and organic matter digestibility.

• Requirement of fodder was uniform throughout the year

but during winter months there was almost no availability

of green fodder and livestock fed on mainly low quality

straw, crop residue and dry grasses.

• Traditional stall feeding method is faulty and fodder is

provided directly as a heap to livestock without removing

its branches or chopping. This makes the fodder less

nutritive.
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Inaccessibility of most the areas 

deprived socio-economic status of 

locals

Forests are already in a degraded stage

Further exploitation of natural resources 

is eroding living standards as well as 

ecosystem stability





Maikhanda
village 
cluster

Study Area

Fodder Bank

Model site (5 ha.)

Nursery

Site
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Fodder Bank Model at Maikhanda village Cluster



Fodder Bank Models to reduce deforestation and women 
drudgery, Kedarnath WLS (2009-2014): Now with Mahila Mangal Dal

• Economic costs and benefits of bioengineering approaches

for slope stabilization and deforestation control while, also

providing solution to local fodder shortage

• How effective are various commonly used bioengineering

plants in slope stabilization and providing alternative benefits

Dhyani et al., 2012 Current Science
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Fodder Bank Nursery at Maikhanda village
•Area of fodder nursery is 5250 sq.m and land was provided by a local farmer.

• A Poly house (14x10 ft.) and a net-house (14x10 ft) is constructed for seed

germination & vegetative propagation in appropriate environment.

•A 500 litres water storage tank also established to irrigate the seedlings. Area faces

water shortage
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Assessment of Growth Parameter (Height and circumference) of 
fodder species 
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The examples above show three distinct strengths of ecosystem-based

approaches: they are

(1)environmentally sustainable,

(2) Cost effective, and

(3) socially and economically responsible.
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Capacity Building Workshops on strengthening fodder resources

• 11 capacity building and training workshops for women, farmers, school going 

students and weaker sections (2009-2014).

•More than 378 households were benefited from these one day workshops. 

•Seedlings of fodder trees (650), seeds of fast growing grasses and Napier culms 

(6500 shoots) were also distributed free of cost among interested local women. 
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Achievements

To screen and propagate 

promising fodder species 

on community lands

Following fodder species were screened and are planted in the

fodder bank site and crop land bunds of village

Grasses

Indigenous: Ringal Bamboo (Arundinaria falcata)

Fast growing: Napier (Pennisetum typhoides), Cox-food, Joint Star,

Makuni, Brachharia etc

Trees

Available in the village vicinity: Banj (Quercus leucotricophora ),

Harinj (Quercus glauca), Utis (Alnus nepalensis)

Preferred: Shahtoot (Morus alba), Thelka (Ficus nemoralis), Timla

(F.auriculata) Syanru (Debregeasia salicifolia) etc.

To rehabilitate village 

commons with people’s 

participation and develop a 

fodder based pilot model 

for replication

Working on rehabilitation of 15 ha. Community wasteland on a small

hillock of Maikhanda village by regular plantation (twice in one year)

and using Alnus & grasses that are effective soil binder.

To build capacity of the 

women for strengthening 

fodder resources within 

village ecosystem

11training programmes were organised and 378 households have

been trained by experts. Fast growing, high biomass yielding fodder

trees Morus alba (450) and Pennisetum purpureum Hybrid Napier 2

varieties (>6500 shoots) were also distributed to these women

during these capacity buidling workshops.

To suggest a workable 

strategy for replication of 

fodder-based approach

Developed strategy to grow fast growing and high biomass yielding

fodder is replicated by locals on their cropland and kitchen garden

bunds
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Sustainability of the Project

Local women are more interested in introducing fast growing, high biomass yielding

grasses in their cropland bunds and Kitchen gardens along with Ringal bamboo so that

time saved from visiting forests can be used in other activities and at the same time

some economy can also be earned from Ringal.





Key lessons learned

Traditional measures 

Effective innovative technological inputs 

Community participation 

Alternative resources, Build resilience, Reduce Frequency and severity of 

disasters

“Traditional and indigenous knowledge can guide suitable 

utilization, management, and conservation of  forests to reduce disaster risk in 

mountains. 

Cost effective, nature-based solutions, such as Eco-DRR with active 

community participation can help to reduce the pressure from forests and at 

the same time reduce disaster risks.”









Biodiversity & Ecology Restoration Plan
for Rat Hole Coal Mine Sites in Meghalaya 

(on directions of Honorable NGT, India)



Natural Vegetation in the State of Meghalaya

• The forests of Meghalaya can be broadly grouped into tropical, subtropical, and temperate types.

The district of Jaintia Hills has the biggest forest reserve in the State of Meghalaya.

• Unlike the rest of the country where forests are mostly owned by the state and managed by the

state forest department, in Meghalaya substantial forest areas are under the un-classed

category, and are owned by private individuals, clans, village councils, district councils and

other traditional community institutions.

• Castanopsis purpurella (Chestnut) and Quercus griffithii (Paisang and also a Keystone Tree

Species) are among the most dominant tree species in un-mined areas of the study area.

• Subtropical Pine forests have developed as a stable secondary community on the disturbed

evergreen and semi-evergreen subtropical broad-leaved forest sites, which are seasonally dry

and nutrient-poor.



Patch of forest under Jhum (slash and burn) 

cultivation practice

Patch under rat hole mining 

At Khliehriat (extensively mined area)

•The presence of isolated patches of degraded forests amidst the grassland imparts a savanna like 

appearance to the landscape of the region. Though, typical grasslands are not found in the state. The 

rolling grasslands covering large areas in Jaintia Hills are found on degraded land developed either due to 

biotic pressure or due to interactive influence of topography, climate, fire, and grazing. 

•Ecosystem is degraded and have resulted in unfavorable habitat conditions for plants growth. The 

prevailing habitat conditions in these areas seem to have reduced the chances of regeneration of many 

native species, thereby reducing the number of species in the mined areas 

•The highly impoverished shallow soil layer doesn’t seem to be conductive for either regeneration 

through seeds or for healthy plant growth. 

Impact of rat hole mining on Vegetation and Landscape



Impact of rat hole mining on Vegetation and Landscape

• The large-scale unscientific land use practices have resulted in the depletion of primary

forest and colonization of the degraded sites by Pinus kesiya, which grows well to

develop into secondary forests.

• Besides, the forest floor is covered with the invasive and thorny species like Eupatorium

adenophorum, Lantana camara, Rubus sp. Paspalum orbiculare, Isachne himalaica, Globba

clarkii and others. This indicates disturbance and anthropogenic interferences.

• Mostly lower groups of plants ferns (Pteridophytes); bryopytes (thallus); along with

Melastoma nepalensis, Selaginella semicordata, Plectranthus striatus and grass species

Paspalum orbiculare were observed dominantly around the abandoned rat hole mine area.

• No faunal component observed in the village except a few butterflies, No avifauna no

mammals.



Bio-restoration plan to facilitate re-vegetation on road heads and upstream areas near rat 

hole mined and/or coal storage

Initiating re-vegetation in rat hole mined areas 

Selection of plant species Indigenous species natural succession

Soil Amendments 

(Assisted Natural Remediation and/or Restoration) 

Plantation Following MIYAWAKI Plantation Technique

Irrigation

Monitoring success of re-vegetation/restoration

Community Participation

The species raised should be preferably fast growing
species, local species though, some exotic species could be
selected. A few of them are Alnus nepalensis (Dienglieng
iong); Ligustrum robustum (Lapoiat); Myrica esculenta
(Sohphie); Pinus kesiya (Kseh Khasi); Pinus patula (Kseh
patula); Psidium guajava (Soh priam); Podocarpus species
(Kseh um); Euginea praecox (Soh um);Cinnamomum tamala
(Latyrpad); Randia tetrosperma (Soh mon); Glycosmis
pentaphylla (Jyllop);Cedrella toona (Bti saw); Michelia
champaca (Diengrai); Exbucklandia populnea (Dieng Doh);
Cryptomeria japonica (Kseh bilat); Prunus nepalensis
(Sohiong); Prunus cerasoides (Dieng cherry) etc.



Global Uptake of EcoDRR and EbA/NbS





Addressing Uncertainties…



Urbanization is both a challenge and an opportunity 

to manage ecosystem services globally

Rich biodiversity can exist 

in cities

Biodiversity and 

ecosystem services are 

critical natural capital



Why Indian urban agglomerates are increasingly 

vulnerable to disaster risks-1

• Rapid urbanization: Rural - urban migration-growing urban 

agglomerates

• Growing population - already stretched resources

• Poor living standards - build without consideration of 

safety

• Lack of public awareness to hazards/risks

• Building codes are poorly enforced or non-existent

• Environmental degradation - resource depletion - lowers 

resilience

Lack of Early Warning Systems and Identification of Threats





Spatio-Temporal land use changes in Nagpur city (1990-2016)

Dhyani et al., 2018 IJDR



Source: Singh and Dhyani, 2016; Gujre et al., 2016

It was fascinating to find >250 plants, >75 birds, >50 butterfly, many 

moths, mammals, reptiles, in 41 ha. Of our NEERI urban 

forests…many macro faunal components still to be studied









COPAL, India NGO, Uttarakhand



Thank you for your patience!! 

s_dhyani@neeri.res.in, shalini3006@gmail.com
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