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ABSTRACT: 

Increase in water induced risks are realized with marginal settlements being more 
vulnerable due to limited adaptive capacity. The challenge put forward by climate 

change, in absence of adequate formal strategies, has forced the dwellers of marginal 

settlements, over the years, to adopt local adaptation strategies to survive the risk 

and live in harmony with water. The highly diverse characteristics based on livelihoods 

and social networks provide for adaptive capacity of the dwellers. The objective of the 

paper is to identify these strategies based on livelihoods or the daily activities of the 
dwellers within the marginal settlements in different territories. Rural marginal 

communities in Northern Mozambique and urban in Mumbai are assessed by direct 

observations, interpretation from collected images and literature review to present a 

framework of strategies based on livelihoods. Result provides for holistic findings that 

contribute to the lexicon of water-risk adaptation for marginal settlements in 
developing countries. 
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1 INTRODUCTION  

Climate change and disasters are currently the greatest global threat and defining 

challenge of the 21st century. If the current rate of global warming continues, the 

world could be 1.5 °C warmer by 2030 (IPCC, 2018). Changes in weather and 
recurring extreme events are realized to increase, including water induced risks such 

as extreme high sea levels, extreme precipitation events, floods and water scarcity 

along with decline in water quality. Coastal regions, in developing south, are facing 

severe floods from intensified precipitation, cyclones, storms and sea level rise. 

Regional warming could be twice the global average in certain places, which means 
that at least 136 coastal cities will be at risk from flooding, and in the process, affect 

280 million people including many informal settlements (IPCC, 2018) and marginal 

groups. Roughly 110 million people currently live on land below the high tide line. 

Based on the sea level projections for 2050, land currently home to 300 million people 

will fall below the elevation of an average annual coastal flood. On the other hand, 

prolonged drought periods are resulting in reduced water supplies that often lead to 
water insecurity and severe food shortage. Thus, water presents significant risks, with 

marginal settlements being more vulnerable due to limited capacity to absorb and 

prevent the water induced risks. As a direct cause, the physical location of the 

marginal settlements in the developing countries, makes them at a greater risk. 

Further, the water induced risks are disproportionately affecting social, economic, 
cultural, political and institutional aspects of the marginal communities. Such 

communities, whether in rural or urban territories, have limited adaptive capacity due 

to their economic status and lack of access to public services and infrastructures 

thereby making them more vulnerable to climate hazards than dwellers in the non-

marginal part of the cities. Also, marginalized communities are much more dependent 
on ecosystem services such as food and water, disease control, economic and cultural 

services, which makes them much more sensitive to climate variability with serious 

consequences for their livelihoods. 

1.1 Livelihood vulnerability to water-induced risks  

According to the Livelihood Sustainable Framework (LSF), a livelihood comprises 

people, their capabilities and activities required for means of living as well as their 

access to assets - both material and social resources (Chambers & Conway, 1991). 

Such assets are put in use through certain strategies and activities to achieve 
desirable livelihood outcomes. Livelihoods are sustainable when they can cope with 

and recover from stress and shocks, maintain and enhance their capabilities and 

assets, and provide sustainable livelihood opportunities for the next generation 

(Chambers & Conway, 1991). Therefore, livelihood vulnerability depends on the asset 

base that people have prior to the hazard and their ability to engage in various coping 
strategies. 

The concept of vulnerability has been traditionally centered on the impacts of 

climate-related stressors on human societies and on determining their ability to cope 

and adapt to such risks and hazards in order to evaluate societal resilience (Adger, 

2006, Eakin & Luers, 2006). Vulnerability was defined by IPCC (2007) as “the degree 
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to which systems are susceptible to, and unable to cope with adverse impacts [of 
climate change]”. Vulnerability can be assessed in three dimensions: 1) exposure, 

i.e., nature and degree to which a component is in contact with, or subject to, a 

stressor or driver of change (IPCC, 2001, Thiault et al., 2021); 2) sensitivity, i.e., set 

of conditions determining the degree to which a component is directly or indirectly 

altered or modified in the short term by stressor exposure (IPCC 2001, 2007; Thiault 
et al., 2021), and 3) adaptive capacity, i.e., ability to implement effective responses 

to changes by minimizing, coping with, or recovering from the potential impacts of a 

stressor (IPCC, 2001, Thiault et al., 2021). Water induced risks come here as a 

dimension of exposure to which people can be more or less sensitive according to 

their access to assets and activities and their capacity of adaptation. Water induced 
risks are classified into four classes of hazards: shortage of water, inadequate quality, 

excess of water (flooding) and decreased resilience of freshwater systems (Garrick & 

Hall, 2014). Water induced risks are escalating with the increasing global exploitation 

of water resources across the world which has led to significant degradation of 

ecosystems and the goods and services they provide, alongside the impacts of climate 
change (Orr et al., 2009). Managing water risks to an accepted level is within the 

definition of water security as a “tolerable water-related risk to society” and it is 

crucial to safeguard access to water for livelihoods and development, protect against 

water pollution and water-related disaster and preserve ecosystems (Garrick & Hall, 

2014). 

1.2 Adaptive capacity to water-induced risks  

The challenge put forward by climate change, in the absence of adequate formal 

government strategies, has forced the dwellers of marginal settlements, over the 
years, to adopt local adaptation strategies to survive the risk and live in harmony with 

water. It is realized that the marginal settlements present highly diverse 

characteristics based on livelihoods diversification and social networks that provide 

adaptive capacity for the dwellers. How marginal vulnerable groups prepare and 

respond to water induced risks, over the years, plays a significant role in building the 

adaptive capacity and in providing sustainable livelihood in the light of limited formal 
assistance. For instances, rural communities in Northern Mozambique are very 

vulnerable to climate variability due to the increase of floods, cyclones and the high 

dependency on rain-fed subsistence agriculture. The decline in agricultural production 

and the uncertain climate significantly affects food and water security. Seasonal 

migration, diversification of livelihoods and the role of social networks in enhancing 
livelihoods security are some of the coping strategies to water risks adopted by these 

communities. On the other hand, marginal communities in Mumbai are mostly located 

in low lying areas close to marshes and river lines. These settlements lack basic 

infrastructure facilities, additionally burdened with no security of land tenure and 

depend on the informal economy for their livelihood. Such neglected settlements are 
frequently flooded during the monsoon season. The communities comprise local 

adaptation strategies based on livelihoods from different communities such as 

fishermen in Koliwada, potters in Kumbharwada, washermen in dhobi ghats, 

papadwalas, etc. 
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1.3 Water induced vulnerability framework 

To understand the diversity of informal capacities emerging from marginal 

settlements, we selected two case studies and assessed their adaptation strategies 

by direct observations and interpretation from collected images and literature review 
from the previous published researches. We selected marginal communities in 

different types of territories – urban and rural - with similar contributing vulnerable 

factors such as settlement’s characteristics, lack of access to infrastructures and low 

support from government which increases exposure to water-risks. We aim to present 

a framework of local adaptation strategies based on livelihoods or the daily activities 
of the dwellers within the marginal settlements for building resilience to water induced 

risks. The assessment of informal adaptation strategies in urban and rural 

communities enable holistic findings and lessons that contribute to research into the 

lexicon of water-risk adaptation for marginal settlements in developing countries of 

the global south (Fig. 01). Finally, we will add to the understanding of how adaptive 

capacity at the local level can be supported through wider water management 
processes at both urban and rural scale.  

 
Figura 1. Research map for rendering future marginal communities water risk resilient (Authors). 
Fuente: Elaboración propia.  
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2 METHODS 

These marginal communities in both the territories; rural and urban, inherit unnoticed 

local water-risk adaptation strategies that can be exploited as a creative laboratory, 
to serve the purpose of providing solutions, through an ongoing learning process that 

may serve to provide future decisions towards addressing water induced risks for 

marginal groups. Acknowledging the water induced risks, the paper identifies, 

categorizes and presents local adaptation strategies based on livelihoods or the daily 

activities that the marginal groups adopt based on the learning and experiences of 
the past events. These strategies are categorized in accordance with different water-

induced risks such as extreme high sea levels, extreme precipitation events, floods 

and water scarcity along with decline in water quality etc. in different territories. 

Together, they are not meant to offer an exhaustive collection but rather a significant 

holistic framework of strategies that endorse further reliable research and decision 

making. 

The methodology applied for the development of this paper has exploratory and 

investigative character. The design of the research method is based on the 

observations and interpretations from the marginal communities from the assessed 

cities. Rural marginal communities in Northern Mozambique and urban marginal 

communities in Mumbai are assessed for identification of the local water-risk 
adaptation strategies that marginal groups adopt. The identification of the strategies 

is done through case study analysis approach by direct observations and field visits 

at the sites through interpretation from collected images, literature review from 

previous published researches aiming to present a framework of local adaptation 

strategies that not just signifies the adaptation capacity of the marginal groups but 
also contribute to research towards a lexicon of water-risk adaptation for the most 

vulnerable marginalized groups. Also, the identified strategies are presented in cross-

sectional drawings derived from the assessed cases. The drawings that are derived 

from computer aided design – CAD illustrate the employment of the strategies that 

operate at different sites; in private or public space; and in different scales; individual, 

neighborhood or city scale, that form a significant part of the urban spatial form within 
the marginal communities. Sections are drafted, using the same representation 

criteria: black line for the built environment and red line for the adaptation strategies 

adopted by the dwellers in each territories that were studied. Therefore, interpretative 

morphological drawing is used to decode and reveal the adaptation strategies in the 

assessed cases. 

3 LITERATURE REVIEW  

3.1 Northern Mozambique, Quirimbas National Park 

3.1.1 Environmental setting and water risks 

The Quirimbas National Park (QNP), located in Mozambique’s northernmost Cabo 

Delgado province (-12º30’0 S, 39º24’0 E), was established in 2002 and it is 

considered a global priority for conservation of biodiversity (MITADER, 2012; Fig. 02). 
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It is a coastal area with a total of 9,130 km2, comprising terrestrial, marine and island 
habitats. Cabo Delgado is the poorest province in the country (Smits, 2016) and has 

the highest number of people living under vulnerable conditions. Besides, the area is 

highly susceptible to sea-level rise and to the incidence of natural disasters, being 

one of the areas most prone to flooding and cyclones in the world (Costa et al., 2016). 

The most recent events, were a severe drought during 2015-2016 and the hit of the 

destructive Cyclone Kenneth in 2019 which led to the displacement of thousands of 
people together with crop loss, destruction of infrastructure, assets and livelihoods 

(Mugabe et al. 2021). Climate previsions indicate that precipitation will increase by 

15% and temperature by 3ºC in the next 40 years (Costa et al., 2016). Freshwater 

availability on mainland is also facing drastic reductions due to long drought periods 

and seawater intrusion in the underwater reservoirs which affects agriculture 
production and the use of water for livelihood activities (Costa et al., 2016). Also, the 

oil & gas, and mining exploitation around QNP is polluting the water sources and 

contributing to decrease water quality (Costa et al., 2016).  

 

Figura 2. A) Location of Quirimbas National Park (QNP) in the Republic of Mozambique on the African 

continent. B) Villages within and close to QNP sampled  

Fuente: Pereira et al. 2021 from which in-person observations and interpretations were taken for this article 

(Authors). 

3.1.2 Socio-Economic Context and livelihoods vulnerability 

A total of c. 200,000 people are living across 153 villages within the park (Mucova et 

al., 2018) and have been directly and indirectly impacted by such climate hazards. 

These communities lack employment opportunities and are extremely dependent on 

natural resources for livelihoods, through mostly itinerant agriculture, forestry, small 
livestock and fishing. Choices of livelihood activities are very dependent on ethnicity. 

The majority of the population in the park are Makua that depend almost exclusively 

on agriculture. Along the coast line, the population is mostly Kimwani, whose main 
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yield comes from fishing, and in the north there are some Makonde communities, 
which are specialized hunters with bow and arrow, responsible for most of the 

poaching activities in the park (MITADER, 2012). Most communities are strong Islamic 

(Brouwer & Mabunda, 2005), with Catholicism as the second religion (INE, 2017). 

The poverty index ranges from 33-41% and only 3.3% of the population in Cabo 

Delgado province have access to electricity and 5% to piped water, 16% are still 
dependent on a natural water source such as a river, lake, or lagoon, while up to 70% 

uses traditional wells and public fountains (INE, 2017). Additionally, communities are 

living within a protected area in proximity to wildlife. Human-wildlife interactions 

(HWI) are frequent and may cause costs to communities (Ceauşu et al., 2019) 

through property damage (Lamichhane et al., 2018), competition for resources 
(Treves, 2009), disease transmission (Blair & Meredith 2018), and human injury or 

loss of life (Ratnayeke & Manen, 2014). Water availability is an important driver of 

these interactions. The fact that communities have minimal access to water sources, 

including wells and boreholes in the villages, increases their need to use the river for 

more permanent sources of water (Dunham et al., 2010) which is also used by 
wildlife. Such implies that women and girls, traditionally in charge of water-fetching 

activities, need to walk distances of many kilometers to reach water sources (Angoua 

et al., 2018), being thus at higher risk of encounter wildlife. In the annual dry seasons 

and with longest periods of drought, the competition for water between communities 

and wildlife is higher, as well as the probability of disease transmission (Anderson & 

Pariela, 2005). This pattern is especially true in the context of rural communities 
lacking access to permanent and safe water sources. 

3.2 Mumbai 

3.2.1 Environmental setting and water risks 

Mumbai, originally a group of seven marshy islands on the west coast of India 
showcases a significant conflict with water and environmental needs in light of rapid 

urbanization (Fig. 03). Over the years, the original seven small islands were combined 

through silting and land reclamation. The region on the whole is low lying, but not 

flat. Many creeks have silted up or been filled in to support urban development. 

Extreme precipitation combined with the undulating terrain and inadequate rainwater 
drainage system result in recurring annual floods. The worst problems occur when 

heavy rains and high tides coincide. The drainage system of Mumbai was constructed 

to handle rainfall at the rate of 25mm/ hour. The city is actually subjected to 

approximately 100mm/ hour which already stretches the existing capacity (Urbz, 

2020).   

Marginal communities such as slum dwellers, urban poor and homeless are most 
vulnerable to the water-induced risks. Slum settlements house approximately 55 

percent of Mumbai’s population and are mostly located in low lying areas close to 

marshes and other marginal places (Chatterjee, 2010). Slums in Mumbai are a 

significant element of urban landscape that inherit diverse communities based on 

livelihoods. Dharavi that sits in the heart of the city, host about a million population 
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(WEF, 2016) that face water induced risks such as limited access to drinking water, 
recurring floods etc. It is common to share water sources and split the bills. 

3.2.2 Socio-Economic Context and livelihoods vulnerability 

Weather flooding or water shortage, marginalized communities are able to address 

the risks in light of prevailing social networks and vernacular local adaptation. People 

have managed to create a productive and well-functioning informal livelihoods that 

operate in the marginalized settlements. The communities based on livelihoods in 

composed of the Kolis, who reside in Koliwada with most families living from selling 
fish and related businesses, potters from Kumbharwada, washer men, papadwalas 

etc. Everyone in Dharavi is busy and productive, this successful live-work paradigm 

represents Dharavi lifestyle. The informal and organic urban fabric of Dharavi 

represents an important repository of history and memory for the communities it 

serves. Each community continually transforms the physical space that vary in 

characteristics based on the requirement of their livelihoods, also manifesting on the 
specificities of their adaptation to water induced risks.     

 

 

 

 

 

 

  

  

 

 

 

 
 

 

Figura 3. Location of Dharavi slum in Mumbai, Right: Dharavi slum along the Mithi River from which 

observations and interpretations were taken for this article (Authors).    
Fuente: Elaboración propia.  

4  RESULTS AND DISCUSSION 

4.1 Adaptive strategies assessment for Northern Mozambique 

The livelihoods mostly affected by water-risks in rural communities of QNP are 

agriculture production and household activities. The long drought periods cause water 
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scarcity and erosion of the soils as well as the emergence of various pests which 
critically decreases agriculture production and consequently their main source of food 

and income. Farmers are transitioning from maize production to more drought-

resistant crops such as sorghum and millet which were already used by farmers in 

the past but got replaced by maize because of its taste and high yield potential in 

normal rainfall years (Thierferlder et al., 2015).  So, farmers are taking back 
traditional crop species, coupled with a diversification of crop types that increases the 

chances of having some food in very fluctuating years of heavy rains followed by long 

droughts as well as improving storing strategies of food and seeds for next year (Hahn 

et al. 2009). Lack of rain and underwater reservoirs also makes communities to 

migrate to other places or at least to plant their crops closer to river basins. On the 
other hand, this movement closer to water sources increases the risk of encounters 

with wildlife. In fact, water scarcity is one of the strongest drivers of human-wildlife 

conflicts (HWC) in rural areas as it forces people and wildlife to share the same scarce 

water sources (Pereira et al. 2021). Additionally, a diversification of livelihoods from 

agriculture to lesser water dependent livelihoods such as livestock herding, small 
business, mining and tourism and a higher reliance on forest resources for food are 

some of the strategies used by communities to adapt to the impacts of water scarcity. 

Also, the strengthening of social networks between households is also a key factor of 

communities’ adaptation as it brings access to a wide and diverse source of 

information, knowledge and resources, and impels to collective action and trust 

among the actors (Charles, 2021) that are critical to ensure adaptation to water risks 
(Baird & Gray, 2014; Fig. 4B-1&7).  For instance, it contributes to a better managing 

and sharing of water resources among community (Faurès & Santini, 2009) through 

increased communication (e.g., on weather) and also partnerships (Dickson et al., 

2016). However, water scarcity and high temperature also impact other types of 

livelihoods common in QNP as fishery (e.g., species losses, ecosystem collapse), 
hunting (e.g., species migration, HWC, zoonotic diseases) and forestry (e.g., 

wildfires, loss of wild fruits and food plants, and timber species). Community-based 

management approaches fostered by government or NGOs are helping communities 

to better manage their fisheries and forest resources by implementing rotation 

systems for fishing (MICOA 2012; WFP 2021) or by reducing slash and burn practices 
(Cochrane, 2009; Bare et al., 2010) in order to sustainably use the resources that 

are being heavily impacted by climate change (Fig. 4B-1&7). The housing structures 

and materials are also adapted to maintain colder temperatures inside the houses 

however are not resistant to natural hazards such as flooding or cyclones (Fig. 4B-

2&3). Instead, they are building informal dams in the rivers (Artur & Hilhorst, 2012) 

and planting trees as natural barriers in the sea side (Mucova et al. 2021), and making 
use of their social networks to spread warnings when a storm is coming (WFP, 2021).  

In the villages, communities are lacking piped water systems so they have a few 

formal wells given by the government to access the underground water but the 

majority are dug informal wells which people have been digging deeper and deeper 

over time in order to reach underwater reservoirs and work as rainwater collection 
points as well (Costa et al., 2016. People are then using plastic bottles and cane to 

be able to collect water in such deeper ponds (Fig. 4B-7). 
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4.2 Adaptive strategies assessment for Mumbai  

Dharavi in Mumbai presents varied livelihoods embedded within its urban fabric. 

Water provides for both; opportunities and risks to the livelihoods of the slum dwellers 

of this slum. Floods are recurring hazard to which the slum dwellers adapt over the 
years in accordance with their livelihood requirements. Simple short term household 

strategies are common such as covering the roofs and openings with plastic sheets, 

raising the furniture, plinth and relocating to the upper floors etc. (Fig. 4A-5&6). 

Community measures include cleaning the drains, use of dewatering pumps etc. Here, 

aid through social networks play significant role in the risk reduction. These measures 
being short term and vernacular are found to be effective during the flood event in 

the absence of formal government aid. The dwelling units along the waterfront are 

constructed on wooden stilts with tin and plastic (Fig. 4A-3). The form and elements 

are the result of the attempt to address the requirement that exist from these 

vulnerable sites and vagaries of water. The adaptation strategies are identified and 

presented in table 1.  

Another major water-induced risk is inadequate water supply. Urban slums are the 

product of failed policies, inappropriate regulations and a fundamental lack of political 

will. They are burdened with no security of land tenure and depend on the informal 

economy for their livelihoods. In such circumstances, adaptation strategies involving 

community participation and NGOs plays an important role in establishing community 
water collection points and toilets resulting in water-induced risk reduction.      

 
Territory Water-

induced 

risks 

Livelihoods Risks Opportuniti

es 

Adaptation 

strategies 

Parameters Ref. 

Section Scale Type 

Urban Extreme 

precipitation 

Flooding 

Sea water 

rise (SLR) 

Inadequate 

water supply  

Fishery  

(kolis 

community) 

Water 

pollution 

New 

opportunities 

of income and 

shift to more 

resilient 

livelihoods 

Livelihood 

diversification 

Household LT Goyal, 

2021 

Solid waste 

disposal 

Water 

provide for 

source of 

mobility 

Cleaning the 

water 

channels 

Community 

Government 

NGOs 

ST 

Community 

based fishing 

Community ST 

Diversifying 

the 

livelihoods 

(Ex. aqua-

culture) and 

creating fish 

farms 

Household 

Community 

 

LT 

Potters 

(kumbhars) 

Depletion of 

clay/ 

shoreline;  

Rapid 

urbanization  

Marshy 

swamps 

provide for 

clay; raw 

material for 

pottery  

Relocation Household 

Community 

LT 

Shoreline 

stabilization 

and 

protection 

(Ex. concrete 

tripods) 

Government LT 

Flooding Raising of 

plinths  

Household ST 

Laundry 

(Washermen) 

Water 

pollution at 

ghats, high 

Provide for 

procurement 

of water and 

Creating 

retention 

ponds 

Community 

Government 

NGOs 

LT 
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tides, 

flooding 

disposal of 

used water 

Storage of 

water for dry 

season 

Household 

Community 

ST 

Creating open 

water tanks 

Community 

NGOs 

LT 

Water 

diversion for 

laundry 

grounds (Ex. 

Dhobi Ghat) 

Community 

NGOs 

LT 

Tannery Flooding in 

industries 

The waste 

from tannery 

industries is 

dumped in 

waterlines 

Relocation to 

higher levels, 

use of plastics 

on roof/ 

windows 

Household 

 

ST 

Construction 

of barriers 

Household 

 

ST 

Dewatering 

pumps to 

drain 

floodwater 

Household 

Community 

ST 

Recycling Flooding  Raising of 

plinths 

Household ST 

Water 

pollution 

Cleaning the 

water 

channels 

Community 

Government 

NGOs 

LT 

Papadwalas Flooding in 

public space 

used for 

drying 

papads 

 Relocation Household ST 

Dying 

Industries  

Water 

pollution 

The waste 

water from 

the dying 

industries is 

fed into the 

water 

channels  

Storage of 

water for dry 

season 

Community LT 

Scarcity of 

water 

Street 

vendors 

Flooding  Relocation Household ST 

Household 

activities 

Inadequate 

drinking 

supplies 

Flooding 

The water 

from excess 

rain is 

collected for 

washing 

clothes, 

bathing etc.  

Community 

collection 

points 

Community 

NGOs 

LT 

Plastic sheet 

to cover 

windows and 

over the 

roofs. 

Household ST 

Temporary 

relocation to 

upper floors 

in individual 

dwelling 

Household ST 

Shopkeepers Flooding  Raising 

furniture, 

covering with 

plastic, 

canopy 

projections 

etc. 

Household ST 

Temporary 

relocation to 

upper floors 

in individual 

shops  

Household ST 

Dewatering 

pumps to 

drain 

floodwater 

Community 

NGOs 

ST 

Cleaning of 

community 

drains 

Community 

Government 

NGOs 

LT 
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Rural Shortage of 

water 

Agriculture Water 

scarcity 

Soil erosion 

Increase food 

variety and 

decrease food 

insecurity; 

commercial 

food  

Diversificatio

n of crops and 

drought-

tolerant crops 

(e.g., 

sorghum, 

cassava, 

millet) 

Household LT Thierfelder 

et al. 2015 

Fertile soils 

near rivers 

which 

increases 

food 

productivity  

Crops at river 

basin to 

increase 

irrigation 

Household ST Albuquerqu

e & Hobbs 

2016 

New 

opportunities 

of income and 

shift to more 

resilient 

livelihoods 

Livelihood 

diversification 

(e.g., 

livestock 

herding, 

small 

business, 

mining, 

tourism)  

Household 

Community  

LT Costa et 

al., 2016; 

Osbahr et 

al., 2008 

Increase of 

cooperation 

and social 

cohesion  

Social 

networks to 

disseminate 

information 

on successful 

management 

practices 

Household 

Community 

LT Albizuaet 

al., 2021 

Increase of 

pests  

Increase cash 

income by 

trading forest 

products  

Reliance on 

forest 

resources 

Household 

 

ST Angelsen & 

Wunder, 

2003 

HWC  Guarding 

crop fields 

and HWC 

mitigation 

Household 

 

ST MITADER, 

2008 

Low 

productivity 

Increase of 

community 

empowermen

t 

Community-

based 

management 

& fishing 

rotation areas 

Community 

Government 

NGOs 

LT Costa et 

al., 2016 

Fishery 

(Kimwani) 

Increase of 

invasive 

species  

New 

opportunities 
of income and 

shift to more 
resilient 

livelihoods 

Aquaculture Community 

Government 

NGOs 

ST MICOA 

2012 

Livelihood 

diversification 

Household LT WFP 2021 

Mangrove 

destruction 

Increase of 

community 

empowermen

t 

Rotation 

systems for 

mangrove 

logging and 

fishing 

Government 

NGOs 

LT WFP 2021 

Forestry Increase the 

risk of 

wildfires  

Change land 
management 

practices 
(e.g., slash 

and burn) 
 

Community-
based 

management   
 

Government 

NGOs 

LT WFP 2021; 
Cochrane, 

2009; Bare 
et al., 2010 

 
 Loss of timber 

and non-

timber 

species  

Household ST 

Hunting 

(Makonde) 

Species 

migration, 

increase of 

zoonotic 

diseases, 

HWC 

 Reliance on 

forest 

resources 

Household ST Roseiro 

2013 

Flooding Household 

activities  

Overheating  Sustainable 

and nature-

based 

materials 

House 

infrastructure 

and material 

(adobe 

and  dry grass 

roofs) 

Community 
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Figura 4. Water-induced risks and strategies for marginal communities in urban and rural settings derived 

from the two case-studies (Authors). LT: Long term; ST: Short term  

Fuente: Elaboración propia 
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Figura 5. Cross-sections derived from the assessed cases illustrating adaptation strategies (in red) to 
address water-induced risks. Top; A: Mumbai (urban territory of assessment); Bottom; B: Northern 
Mozambique (rural territory of assessment). 
Fuente: Elaboración propia 

A: The cross-section derived from Dharavi in Mumbai presents fishermen community along the sea and 
water channels. The community adapts to water vagaries by building the dwelling units on stilts (marked 

in 3). Mangroves provide for barriers to tidal surge (marked in 1). Retention ponds (marked in 2) provide 

for livelihood diversification in developing aquaculture and fish farms. Further, the dwelling units in 
Dharavi presents industries or the workplace at the lower floor with livable space on the upper floors. 
Building barriers, raising the furniture and relocation to upper floors (marked in 4, 5 and 6) are observed 
in the slum. The same are presented in images from Dharavi.  

B: The cross-section derived from Northern Mozambique presents the case from rural territory; with 

water scarcity as a major risk. Risk reduction strategies include community based management with 
strong social networks, underground collection through ponds (marked in 7, 1 and 4), and household 

toilets (marked in 5 and 6). Dwelling units are made of adobe bricks and dry grass (marked in 2 and 3) 
in close relation to climate and site.     

5 CONCLUSIONS  

The vernacular livelihood strategies provide risk reduction by enhancing the adaptive 
capacity, reducing the exposure and sensitivity towards the vagaries of water in both 

rural and urban territories. The establishment of vernacular adaptation strategies in 

water-induced risk reduction for the marginal vulnerable groups in the light of the 

limited formal government assistance has a significant role. The urban form and built 

elements within the marginal settlements is the result of the decisions and constant 
attempt to overcome the vulnerability factors and water-risk drivers that prevail from 

the site and climate change. The exposure and sensitivity towards the vagaries of 

water is progressively being seen as an opportunity to learn how to enhance the 

adaptive capacity to live in harmony with water. Further, the description of such 

strategies in two different types of marginal communities – rural and urban – bring 

to light inherit differences in local water-risk adaptation strategies. In rural areas, 
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most of the applied strategies are to overcome the impacts of water scarcity in 
agriculture production – the main food source – and livelihood strategies are yet very 

nature-based and less dependent on external services or products. However, climate 

change and the increase of water-risks are compromising communities’ capacity to 

be self-sustainable, and will worsen in the near future. On the other hand, in urban 

areas, marginal communities have adapted to use plastic and other resistant waste 
from urban centers and focus their strategies on infrastructure adaptation to protect 

against sea level rise. The closeness to city hubs enables them to use urban materials 

for water-risks adaptation and offers increased opportunities for livelihood 

diversification. However, it also makes communities more dependent on external aid 

and susceptible to social-political changes (Xu & Takahashi 2021). Therefore, the 
knowledge about the strategies of adaptation that are currently in place in these two 

settings might provide solutions to future decisions towards addressing water induced 

risks for marginal groups, but also to manage the susceptibility of such strategies to 

near future climate changes. Results provide holistic findings that contribute to the 

lexicon of water-risk adaptation for marginal settlements in developing countries and 
can be used to design and render future marginal settlements water risk resilient with 

vernacular approach involving community participation, rather than merely 

depending upon external formal measures. Thus, the risk paradigm should shift from 

institutional top-down to more integrated approaches with local participation and 

community led vernacular measures with the involvement of those at risk. The 

illustration of identified adaptation measures in different territories through cross-
sectional drawings provide for the initial grounding of preparing the lexicon or a 

handbook, for rendering future marginal settlements risk resilient.   
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