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FIGURE 1: An informal settlement in the North-West of Delhi

The urban poor, those most affected by the consequences of climate change,
often find affordable shelter in non-engineered housing with a low resilience to
natural hazards.
To address the scale of the problem, it is imperative to highlight the key role
that informal settlements play in the urbanization process. Once this is acknowledged, it is for all stakeholders to study the challenges and to effectively catalyze
and influence the spontaneous development of informal neighborhoods. Different agencies can act to improve the overall quality of the built environment. Today’s widespread diffusion of technology gives us the opportunity to align the
diverse interests of lenders, government, NGOs, skill development organizations
to empower communities engaged in the practice of incremental housing.
BACKGROUND

Of the world’s 7.4 billion people, approximately 4 billion live in urban areas according to the 2016 UN Habitat World Cities Report. Of the total urban population,
about 1 billion people are living in informal settlements1 . Presently, 58% of South
and Central Asia’s population are living in informal areas (UN-HABITAT 2011).
As in most developing countries, India’s urban areas make a major contribution to the country’s economy. Indian cities contribute about two thirds of the
economic output, host a growing share of the population, are the main recipients of Foreign Direct Investment (FDI), and are the originators of innovation and
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FIGURE 2: The informal settlement of Dharavi in Mumbai. It offers affordable housing to millions of people in the
hearth of Mumbai

technology. Over the next two decades India’s urban population is projected an
increase from 282 million to 590 million people. Like other countries of South
Asia, towns and cities in India have expanded rapidly as an increasing number
of people migrate from rural areas to towns and cities in search of opportunity. Within this accelerating urban growth, spontaneous settlements commonly
called “informal settlements”, and in some cases “slums”, are the fastest growing
land use component. Since the latter part of the 20th century, the accelerated
rise of such areas poses serious concerns both for the residents living in informal
settlements who do not have the basic requirements for a decent life, as well as
for the wider implications of the overall quality of life for cities, their countries
and indeed the world.
While the main problems of such neighborhoods are access to basic infrastructures and services, the housing in informal settlements is often poorly built,
making informal communities extremely low-resilient to natural hazards such as
floods or earthquakes.
This article investigates the sustainability and resilience of the informal urban
built in India. We base our observations on the practical experience and research
conducted by the authors and the mHS CITY LAB2. We offer insights about this
housing problem as well as a series of interventions to improve the resilience of
informal settlements in the face of climate change and natural hazards.
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Dehli | Supply of housing based on income
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INFORMAL SETTLEMENTS – THE SPONTANEOUS CITY

Most informal settlements result from the gap between the demand and supply
of affordable housing.
The current adequate housing deficit in India stands at 19 million units, which,
in the absence of any meaningful intervention, is slated to double to 38 million
units by 2030.
Ninety five percent of these houses (a staggering 18 million units) provide shelter to people in the Economically Weaker Section3 (EWS) and a great segment
of the Low-Income Group4 (LIG). Some other units house people in the lower
to middle end of Middle Income Group. This later group comprises ‘the emerging middle class’, who are also deprived of decent living conditions. (Affordable
Housing in India, JLL).

FIGURES 3 and 4: Two settlements of Type F. The risk of eviction is high and as a consequence the investment done
by their household is minimum. It is evident the temporaneity of the structures limited to one floor high
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The 2011 Census of India reported that a total of 65.49 million people (13.9 million households) live in informal settlements located in 2613 cities/towns spread
across 31 States and Union Territories. This enumerated informal population constitutes 5.4 per cent of the total population of the country and 17.4 percent of
the total urban population of all the States and Union Territories (2011). These
organic and sporadic settlements built incrementally, provide affordable housing
and rentals to millions but suffer from lack of basic amenities, overcrowding and
poor quality of spaces (Davis, 2006).
THE ROLE OF TENURE AND ZONING IN INFORMAL SETTLEMENTS

The nomenclature in government records identifies informal settlements in different categories such as slums, shanties or JJ Clusters5. In Delhi alone, there are
seven different categories to describe non-formal settlements.
We present a simplified classification which highlights the relationship between the type of settlement and the condition of its housing. This typology
grouping (developed for the World Bank6 ) focuses on 3 criteria: 1.) the legality
of ownership; 2.) the capacity to trade the property; and, 3.) the zoning which
defines that tenancy7. The main premise is based on the property rights which
influence the dwellers’ perceived right to make decisions regarding construction,
expansion or improvements, as detailed in the next section. The proposed classification leads to 7 different typologies, ranging from locations that have a decent
level of property rights and appropriate land use, to informal locations where no
rights have been accorded, and land use is non-residential. The following is the
brief description of the typologies.

FIGURE 5: An Urban Village in

New Delhi. Belonging to the
Type B, the relative security of
the property rights justify the
construction of permanent
structures of multiple levels
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Title/ Ownership

Tenancy

Right to Sell

Correct Zoning

Type A1
Type A2*
Type B

Informal

Type C

Partial

Informal

No

Type D

Limited

Informal

Type E

None

Limited

Informal

Either

Type F

None

None

Informal

No

* In settlements of Type A2 the property rights are the result of regularizations
TABLE 1: mHS proposed settlements classifications. The proposed classification leads to 7 different typologies
ranging from locations that have a decent level of property rights and appropriate land use, to informal locations
where no rights have been accorded, and land use is non-residential. Various settlements and the existing local
typologies of various cities in India have been studies and mapped back to the above-mentioned classification

Type A1. Settlements characterized by registered title, right to tenancy and appropriate zoning. Households in these communities have free/ leasehold title on
their land and are registered in the government administrative system/listing.
They have the right to transfer/sell their property. This category usually refers to
planned colonies and settlements in the urban area.
Type A2. Households in A2 settlements have clear titles and full tenancy after
a process of land regularization process. This gives settlements the same status
as A1 communities. Usually residents in this category belong to a lower income
segment and plot sizes are smaller.
Type B. Households in this group have titles (but may not be registered in the
formal revenue records) and full tenancy. Often, they can trade the property
through an informal system.
Type C. Households in these locations have proof of land ownership/Power of
Attorney. They have bought the land after an informal division of the land (usually
not falling under residential zone as per the master-plan or other statutory document governing the land-use of a city) into small plots. Unauthorized colonies
built on historically agricultural land are an example.
Type D. These locations share a lease/ license document, varying from 5 to 99
years, usually given by the government, but with the restriction of selling. Despite the restrictions it is common practice to trade through Power of Attorney
documents. In Delhi, Resettlement Colonies are part of this Type.
Type E. Households in these locations have no right or ownership for their land.
As for tenancy, they merely possess the right to occupy, in some cases an authority
intervention could give dwellers a ‘no eviction’ guarantee. These settlements may,
or may not, fall under residential land, but almost always are on encroached land.
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Type F. Settlements where the households have no ownership or tenancy right
and live in non-residential zones. This is because the land is in encroached pockets in protected, public or private land. Especially when on protected or green
land, these settlements are usually prone to relocation/ eviction.

Typology

City based
housing category

Percentage
of population
residing

Population

1

A1

Planned Colonies

23,7

4 020 776

2

A1

Slum Designated Areas 19,1

3 183 115

Old Delhi

3

A2

Regularized Unauthorized Colonies

12,7

2 177 921

Lakshmi Nagar,
Karkar Duma

4

B

Rural Villages

5,3

837 662

Savda Village,
Mandi Village

5

B

Urban Villages

6,4

1 005 194

Khirki Village,
Khizrabad Village

6

C

Unauthorized Colonies

5,3

837 662

Sanjay Colony,
Sangam Vihar

7

D

Resettlement Colonies

12,7

2 177 921

Savda Ghevda,
Mangolpuri

8

E

JJ Clusters

14,8

2 512 985

Sunder Nagri,
Kalkaji Camp

Sl.
No.

Considered
Examples
Greater Kailash
-1, Outrun Lines

TABLE 2: Arrangement of the various settlement of Delhi based on the proposed classification

THE PRACTICE OF SELF-CONSTRUCTION

A key aspect of informal settlements is the practice of self-construction (also referred to as “incremental housing”, “self-build” and “home improvement”). It is
the process in which the homeowner is closely involved in every aspect of building,
extending, or refurbishing her/his unit by undertaking the building work himself/
herself or by contracting a mason under close supervision. It is a commonly held
belief by low-income families that the land that they live on is their major source of
wealth or security, despite varying tenure conditions. Self-construction enhances
their sense of financial security. This practice is not usually guided by safety design
standards or building norms and it is influenced by word-of-mouth and informal
knowledge of construction practices and technology (mHS, 2011).
There is positive relationship between the size of the urban centers and the
quality of self-constructed buildings and between the various typologies of settlements and the quality of the units. There also are technical differences across
tiers of city size. Smaller cities often offer the opportunity to expand horizontally,
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FIGURE 6: Savda Ghevra: a
resettlement colony belonging to
Type D in North-west Delhi. The
limited tenure (5 years) granted by
the Government is not sufficient to
stop the development. Multistory
structures are bursting rapidly
densifying the settlements. These
structures have an extremely low
resilience to earthquakes

while in larger cities the lack of land spurs households to build vertically8. Where
land is more available, better living standards can be found allowing for ventilation and lights options.
Dehli | Supply of units for target group
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GRAPH 2: Incidence of self-construction per typology in Delhi; 2011 Data

The phenomenon and practice of self-construction is present cross all typologies (aside that of Type A). Within an urban center, there is a parallel between
the quality of the built environment and the typology considered. Lower Typologies (Type D and F) where the risk of eviction is a constant, lead to temporary
structures that usually stand one floor high. Households typically do not invest to
build multi-story housing. Given the lighter structure and limited floors in single
story buildings, the risk in these locations is more linked to events such as fires or
floods, rather than earthquakes.
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FIGURE 7: Mongolpuri - A Type D

resettlement Colony in north
Delhi. The majority of 7x3
meters units are already multistory, built incrementally over
the last decades

In typology D and C, buildings are usually multi-story and the number of floors
varies based on their age or level of tenancy. In Delhi these locations are up to
4 floors (ground level and 3 stories) demonstrating poor quality of construction.
Type B are often settlements that have been encompassed in the city because
of sprawl. Here construction is again permanent, and the number of floors can
even exceed that of the Master Plan that regulates the formal part of the city
(this is the case of Urban Villages in Delhi). While the number of floors can reach
5 or 6 stories, the cost of real estate is usually higher than the above typologies
(apart Type A) given the status, the size and cost of the units. It quite common
that the homeowners rely on contractors that have access to some technical
capacity to build the units. As a result, quality can vary but it usually better than
that of Type D and C.
Type A2 are settlements that have engaged in a process of regularization or
formalization of property rights after tenancy. The built structures are permanent
in nature and these locations can experience a drastic expansion when the authorization is given, and the risk related to eviction decreases.
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FIGURE 8: Self- construction is incremental in its nature as it follows the financial capacity of low-income dwellers
and the possible variation of property rights

THE RESILENCE OF INFORMAL SETTLEMENTS
THE CHALLENGES IN SELF-CONSTRUCTION

Informal dwellers face a multitude of challenges during the construction process.
The local mason or contractor is typically the cornerstone of the construction process. This craftsman plays the role of architect, builder, engineer, contractor, and in
some cases, materials supplier. Yet he typically has little to no formal training.
As a result, without access to professional technical assistance, sometimes discrepancies in budget estimates happen resulting in short-cuts to construction,
and, more critically, the builders’ lack of training leads to unsound structures
which put families in danger in case of natural disasters. In some cases, poor construction requires households to spend greater resources on maintenance. An
extract from 2017 European Microfinance Award catalogue highlights the impact
of the quality and safety of the houses on their dwellers.
“... housing is not a vertical ‘silo’; rather it is closely intertwined with – and
often the cause of – a whole host of developmental problems. Exposure to the
elements, poor ventilation, and insufficient arrangements for basic hygiene are
major causes of poor health. Improper building structures undermine safety and
vastly increase vulnerability to disaster. Lack of lighting and sufficient space limits
children’s ability to study. Insufficient privacy and lack of toilet facilities contribute to sexual assault and constraints opportunities for women and girls.”
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FIGURE 9: Self-construction can
unfortunately lead to structures
extremely vulnerable, like this one.
Key inputs on the structures and
awareness about the risks can
correct this situation

MEASURING THE RISK

Earthquakes9 are natural hazards, but the disasters are man-made. According to
the National Disaster Management Division, Ministry of Home Affairs, Government
of India, “Earthquakes don’t kill, unsafe buildings do. It is the high vulnerability of
our building stock that turns these hazards into disasters”. Faulty designs, weak
construction materials and poor maintenance, non-compliance to seismic safety
regulations lead to extensive collapses of engineered and non-engineered buildings during earthquakes. The failure of these buildings is the main contributor to
the loss of lifes and injuries to the people along with the economic damages.
India is a diverse country with a varied landscape, terrain and climates. Most
parts of the country have high seismic risk. In 2002 the Government of India did
a categorization of geographic areas into five seismic zones, Zone- I, II, III, IV, &
V (wherein Zone-V have the highest seismic risk). It is important to note that the
entire country shares a seismic risk.
Figure 10 compares the seismic map with the density map of India, clearly
showing there is a concentration of habitation and population along the seismic
sensitive zones. This implies the urgent need to address safety in construction
providing technical assistance.
A study undertaken by mHS in 2011 attempts to highlight the high seismic risk
present in two diverse urban informal settlements in Delhi (Mongolpuri and Savda
Ghevra), located in Northern India. The technical team at mHS examined 50 building in the resettlement colony of Mongolpuri (Delhi) and found that almost 70%
of the units had a level of structural safety over 5 times less than the minimum
expected for that geographic area and the related peak ground acceleration.
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FIGURE 10: The seismic map with the density map of India. Source: Wikipedia

Based on the experience across India, we have learned that errors undertaken
during self-construction are not always driven by lack of resources or the need to
save money. Rather it is a lack of knowledge and the presence of gross mistakes
that reduce the quality and safety of the units. Our theory it is that by creating
awareness, imparting basic knowledge and customized inputs, wrong practices
can be corrected, drastically improving the strength of the structures.
LEARNING AND THE WAY FORWARD

The self-construction context presents an opportunity for the various stakeholders to influence housing quality by enabling safer construction practices. There
are several possible conceptual methods to address the self-construction market. While the Government should play a key role, working with the other stakeholders present in the community, it is very important to understand the socio
and economic networks of the informal settlements.
The key actors of the self-construction practice are the masons and material
suppliers. Working with masons exposing them to technical knowledge for safe
construction and spreading awareness about good construction practices is a
legitimate way to improve constructed safety. Material suppliers could also play
a key role by divulgating safe construction practices and providing financial and
technical support to mason’s program.
181

ISOCARP REVIEW 14

↑↑ TOC

THE RESILIENCE OF INFORMAL SETTLEMENTS . ADDRESSING QUALITY IN THE BUILT ENVIRONMENT
RAKHI MEHRA . MARCO FERRARIO . AMARINDER ARORA

Another key stakeholder group is financial institutions offering housing loans.
Financial institutions are currently involved in the housing finance landscape in
three ways: direct lending to consumers, indirect lending to State Housing Boards
or housing finance institutions, or investments in mortgage backed securities,
which is currently in its incipient stages in India.
The Government of India through its National Disaster Management Authority
(NDMA), has published a set of guidelines (NDMA, 2010) requiring lending institutions to take responsibility regarding the quality and safety of the construction of buildings financed directly by them. The policy states that... “the onus of
checking the compliance to safety provisions by the loan-financed buildings lies
with the banks extending housing loans”. The guidelines recognize the partial
failure of the Techno-Legal Regime “resulting in avoidable damage to the built
environment and the consequent adverse economic impact (NDMA, 2010).
In principle, lending for home upgrades and self-construction is an opportunity
to bring technical assistance in a structured manner as part of a financeable, viable product. The main strategy in this is to create a mechanism that would make
the low-income segment attractive to building professionals, mostly through aggregation of clients. In parallel, creating awareness on the risks and problems
of self-construction and bringing knowledge to the people such as masons/contracts through training camps would be the strategy on the demand side. The
final scope is to ensure that financial companies will take over the responsibility
to ensure that the houses they finance will be built following safety and quality
standards.
Lastly, the Government of India recently launched the ‘Housing for All by
2022’ scheme under the Pradham Mantri Awas Yojana scheme (PMAY). While
the thrust is on rebuilding and mass scale housing projects, there is also a section
on Beneficiary Led Construction (BLC) to provide housing subsidies for incremental housing construction. Offering effective construction technical assistance for
each house subsidized and monitoring the quality during construction, could ensure quality and safer houses.
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DHS - A PILOT FINANCING-BASED PRODUCT
Based on the findings from a pilot project in Delhi, mHS suggests that improvements in the
incremental housing construction processes can be achieved by providing: a.) access to construction inputs, customized for each project easy to be understood; and, b.) upgrading information and skills of the contractor and mason.
DHS CONCEPT

In 2010, mHS CITY LAB conceptualized a product -named DHS, to bring construction finance
and technical assistance to informal households supported by Michael and Susan Dell Foundation. The technical assistance comprised customized architectural and engineering solutions, including pre-construction advice and monitoring during edification. The housing loan
for the pilot was provided by the partnership with BASIX-BSFL a micro-finance institution.
The need for finance was intended to drive customers participation into the program and the
technical assistance was provided as a mandatory service that would monitor construction
process and control the release of loan amounts.
The objective of the pilot was to identify a path to scale and learn about the nature of the market, especially the customer’s receptivity and preferences. The DHS concept was tested on a
pilot project in Mongolpuri, Delhi after a 1500 households survey in three different settlements.
While the interdisciplinary team at mHS had expertise in project design, community engagement, architecture and urban design, there were the need for the financial part of the
product and the community reach. BSFL, one of the eight different entities of BASIX and
partnership with a local NGO, Dr AV Baliga Trust, facilitated a process to bring community
awareness about the product and bring the opportunity to their customer base.
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Other stakeholders that were involved in the self-construction process were reached. These
stakeholders include the community leader or pradhan, the government agencies, material
suppliers, masons and contractors.
The DHS pilot was conceptualized and implemented in four different stages; 1. customer
acquisition; 2. pre-construction; 3. Construction; and, 4. post-construction.
In the client acquisition stage, the BASIX team scouted the neighborhood of Mongolpuri for
families (especially those already reached by the Baliga Trust community workers) with a
desire to upgrade their homes. The team explained the product to the clients including the
technical assistance component, and conducted an internal assessment of the client’s creditworthiness, critical to the long-term impact of the project. If the client passed the internal
review, the mHS architectural team conducted an initial client visit to assess the technical
feasibility of the case and provide cost estimates to the MFI. If the client passed both the
technical and financial audits, and they agreed to the terms of the product, they became a
DHS client. Out of the 600 clients approached by BASIX, about 40 were selected to participate
in the project. While many clients used the funds to implement small repair and expansions,
12 families agreed to rebuild their houses rather than adding additional floors.
The mHS team worked closely with the client to draft the architectural plans that were both
structurally sound and that met the needs of the family. Simultaneously, BASIX sanctioned
the loan, ready for disbursal once the construction began.
The clients funded an initial investment of 20% as a sign of commitment before the first
disbursal by BASIX, subsequently leading to the construction of foundation. The construction
phase was the most intensive phase for the mHS team; there was the need to be on site every
other day for 3 months to monitor construction and ensure the structural soundness of the
building.
The DHS pilot was designed to provide feedback to both mHS and BASIX about the value-proposition of such a product, including the pricing, marketing, communication strategy and incorporating feedback from the day-to-day operational challenges. If successful, the pilot would also
assist in developing a market entry and pan-India rollout strategy for the product.
While the credit was based on business models already tested by the lender, the product had
a technical fee charged from the client, which along with a partnership ship fee from the MFI
was supposed to cover all costs of providing technical assistance at scale.
The pilot validated the proof of concept on the value proposition of providing technical assistance. However, the cost of being in the field well exceeded the small technical fee charged to
the clients and it was clear that even a scale, the business model was to be reviewed.
mHS team began to reconsider the delivery model of TA by leveraging technology and mobile
connected platforms.
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BEFORE

AFTER

FIGURE 11: Shoba has been one of the first client of the DHS Pilot. Here her house before the intervention and after
the DHS project

While there is a role for trade, finance and government to improve the safety of informal structures, mHS’ on-ground experience working with experienced
players like BASIX and Mahila Housing SEWA Trust suggests that improvements to
the self-construction process can only be tapped through a collaborative and participative approach. Community engagement is at the core of the model to draw
in the target income group, which has been denied the right to decent living
conditions and be a part of the development process, thus becoming resistant
to change. These communities often do not prioritize safety or understand the
extent of structural failure present in non-engineered housing.
The cost needed to hire construction professionals is prohibitive along with
the deliver cost of providing door-to-door construction assistance and monitoring, a key insight that was learned during the DHS pilot. Another related challenge is the difficulty to hire and attract qualified construction professionals, such
as engineers willing to join this market. This problem was as well explained by a
young engineer we interviewed; “Why should I join a bank to monitor small units
projects when I can work in a proper office on bigger buildings?”
In countries such as Indonesia and Brazil, that have a better articulated policy
on incremental housing, the provision of technical assistance services is often
sponsored by the National Programs. However, these call for large budgetary resources and raise questions about the sustainability of the Programs.
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BRIDGING THE GAP WITH CONSTRUCTION PROFESSIONALS
THE ROLE OF TECHNOLOGY

It is thus critical to bridge the huge gap that exists between the low-income communities, or rather the stakeholders holding them as customers, and of how architectural and engineering services are delivered. This requires rethinking the
typical role of the commissioned designer.
Technology could offer a huge potential by providing design and engineering
expertise to low-income communities through applications on mobile platforms,
which having become an essential device in most households, are becoming increasingly affordable. This requires a collective intelligence between the artificial
intelligence of digital technology combined by the algorithms created through
technical expertise. (Mehra, Ferrario, Janu, 2017)
At mHS, it is envisioned that leveraging the proliferation of the digital medium
– in the form of a construction toolkit on a digital platform, can overcome the
complexities of informal settlements. With the scale and spread of digital tools,
the vision is to offer algorithms for construction design and planning through
intuitive user interfaces that can self-learn and evolve based on user inputs and
experiences over time.
With the objective to develop and offer a set of customized and practical digital solutions to -that can be replicated and implemented in different geographies,
the authors seek to empower the users of the tools, both institutional and endusers, to improve the quality of building in the incremental context.
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THE WAY FORWARD - INNOVATION IN DELIVERING CTA

Based on the learning from DHS, mHS developed a digital solution named rclCloud.
The software is based on algorithms developed on two key components:
1. An engineering solution designed with special consideration for earthquake zones and
construction types, and
2. A design assumption specifically studied for the characteristics of the buildings in informal settlements.
This repository of technical solutions allows the system to create customized project data
from a set of project inputs.
The project data can be used to generate accurate cost-estimates to assist clients and lenders
with project budgeting and loan sanctioning.
By collecting other simple inputs on the stage of construction, the system uses the same set
of data to generate an estimate of the cost of construction at that stage for quicker and more
efficient loans disbursal according.
More critically rclCloud can generate project manuals with the specific structural design of
the considered project. Information on specific elements of the building (i.e. foundation dimensions, columns and beams numbers, size and reinforcement, etc.) are provided in the
form of simple graphics easy to understand to guide customers during construction and the
same can be used to check quality of construction.
CONCLUSION

Informal houses provide shelter to a billion people world-wide. Unfortunately,
much of this housing is of low quality and is in hazardous location which leads
to structural failures, loss of life and property damage. The problem of low resilience to natural and climate related events can be addressed by mobilizing
various stakeholders in the housing industry to encourage better construction
practices and by making critical construction information easy to access using
application on mobile phone.

ENDNOTES
1 Slums, Informal Settlements and Inclusive Growth in Cities, Judith A. Hermanson, IHC Global
2 http://www.mhscitylab.org/
3 See: http://www.arthapedia.in/index.php?title=Economically_Weaker_Sections_(EWS
4 See: https://www.quora.com/What-are-the-lower-income-group-categories-in-India
5 Categorization of Settlements in Delhi, Center for Policy Research, 2015. http://www.
cprindia.org/sites/default/files/policy-briefs/Categorisation-of-Settlement-in-Delhi.pdf
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6 mHS developed this typology classification while serving as a consultant for the World
Bank to support the project: Low Income Housing Finance Project for India. See: http://
projects.worldbank.org/P119039/india-financing-affordable-housing?lang=en
7 There are other studies that suggested other classifications of informal settlements
(Kundu 2004; Dutta, Chander et al. 2005) including criteria based on density, income to
name a few.
8 Another issue is the proliferation of structures built with Reinforced Concrete frame
structures in the past 50 years. This construction method has led to a high number of
non-engineered buildings, which when multi-story, demonstrate a lower level of safety.
As the number of floors increase, the safety factor decreases. As a result, self-construction in megacities is generally of poorer quality.
9 There may be a link between earthquakes and climate change. See: https://www.sciencenews.org/article/book-review-waking-giant-how-changing-climate-triggers-earthquakes-tsunamis-and-volcanoes
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