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ABSTRACT 

Climate change assessment studies have gained momentum in the past decade following IPCC’s sixth assessment 
report which predicts an increase in global temperature of      C to      C towards the end of century. Assessing 
livelihood vulnerability to climate change provides important insights on the varying levels of vulnerability amongst 
communities by developing an index value which encompasses a wide array of parameters inclusive of social and 
ecological factors thereby indicating which area is more vulnerable than the other. The Livelihood Vulnerability 
Index is one such indicator, which has been used in this study to analyse three villages' vulnerability to climate 
change, namely; Thoubal khunou, Iewrynghep and Hari-II of Manipur, Meghalaya and Arunachal Pradesh 
respectively located in northeastern part of India which is especially characterized by its strategic sharing of 
international water borders, geo-ecological fragility and a vast area under forests rendering the local communities 
highly dependent on natural resources which significantly increases their vulnerability. Therefore, we adopted the 
bottom-up approach of assessing vulnerability by generating primary data through household surveys which gives 
more refined region-specific results. The value of the index ranges from -1 (Least vulnerable) to +1 (Most 
vulnerable). We find that Thoubal Khunou of Manipur has the highest livelihood vulnerability index of 0.06, 
followed by Hari-II of Arunachal Pradesh (0.03) and Iewrynghep of Meghalaya (-0.01) being the least vulnerable. 
The study can serve as a basis for future vulnerability studies in the region on a larger scale and used to prioritize 
areas based on their vulnerabilities and help the policy makers to develop region specific plans to increase the 
adaptive capacity and resilience of communities to the changing climate. 
Keywords: Climate change, livelihood vulnerability, index method, adaptation, mitigation 

  

Introduction 

Global climatic change is an inevitable 

phenomenon of 21st century with IPCC 

projections forecasting temperatures rising to 

     C to      C towards the end of century 

(IPCC 2021) potentially impacting livelihoods 

of people especially the rural and natural 

resource dependent communities which are 

considered to be most vulnerable to negative 

impacts of climate change (Hertel, 2010; 

Müller, 2011; Macours, 2013; Aryal et al., 

2014). Climate change vulnerability can be 

defined as the degree to which a system or 

civilization is predisposed to, at risk from, and 

unable to manage the negative consequences 

of climate change and variability (Schneider et 

al., 2007; FAO, 2008; UNEP, 2009; Etwire, 

2013). It is the interaction of the hazards of 

place (risk and mitigation) with the social 

profile of communities ” (Cutter,  99 )  

Vulnerability assessment is crucial for defining 

climate change related risks and to lay down 

adaptation strategies (Füssel et al., 2018). 

Vulnerability indicators have emerged as a 

potential tool that allows monitoring 

vulnerability across time and place, 

identification of processes that contribute to 

vulnerability, prioritisation of actions to 

reduce vulnerability, and evaluation of the 

efficacy of these strategies in various social 

and ecological contexts (Dow, 1992; Adger et 

al., 2009; Shah et al., 2013). It aids the policy 

makers to decide guidelines specific to the 

vulnerability of the region. However, 

vulnerability assessment encompasses a wide 

array of factors and dimensions such as 

political, social, economic, ecological and 

physical, therefore the framework for 
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vulnerability assessment varies and needs to 

be region-specific (Mavhura et al., 2017). 

There is a growing literature in context of 

vulnerability studies to answer the crucial 

question as to which areas and who is more 

vulnerable to changing climate. Several 

methods have been developed for 

vulnerability assessment in the past, these 

studies mostly revolve around physical 

parameters of vulnerability such as 

vulnerability arising from cyclones, floods, 

landslides, sea-level rise or any other extreme 

climatic event. The actual vulnerability 

however is much more complex comprising of 

wide array of factors such as social, economic, 

biological, ecological, political, institutional 

and more (Vincent, 2004). Recognising the 

dynamic nature of vulnerability, studies 

started to focus on assessing vulnerability in 

combination with multiple factors by 

incorporating a set of parameters which 

represented all the possible factors 

contributing to vulnerability of a population 

(Adger et al.,  2004; O'Brien et al., 2000; 

Rygel et al., 2006; Hahn et al., 2009). Most of 

the large scale studies utilized available 

secondary data to quantify vulnerability of a 

region using different set of methods. The 

climate change projections and vulnerability 

status derived from these methods is on a 

large scale and helpful for institutions working 

over a larger area, however those methods 

are too generalized to represent the actual 

status of a smaller unit or region and so there 

is a need to conduct region specific studies at 

the level of households, village or district to 

better represent the needs of a local 

population (Hahn et al., 2009; Pandey and Jha, 

2012). Hahn et al. (2009) developed a 

composite index method to assess livelihood 

vulnerability to climate change which 

consisted of multiple social and ecological 

parameters combined into a single index 

value. The method relied on primary data 

collected via household questionnaires which 

better represents the local situations and is 

more context-specific and thus avoids the 

pitfalls associated with using secondary data 

(Hahn et al., 2009; Pandey and Jha, 2012). The 

current is built upon the same approach by 

conducting the study across three villages 

from three northeastern states of India and 

filling the research gap by generating primary 

data at household level. 

 

Study Area 

The study was conducted across three villages 

from three northeastern states of India. While 

several vulnerability studies have been carried 

out in other parts of India, community based 

social vulnerability studies in northeastern 

part of India are still rare despite vast areas 

being under forest and forest dependent 

communities prevailing in the region, the 

terrain is mostly hilly making access to 

resources a challenge in certain parts. 

Livelihood of people is majorly dependent on 

agriculture and forests thus rendering them 

more vulnerable to climate change (Hertel, 

2010; Müller, 2011; Macours, 2013; Aryal et 

al., 2014). The villages selected for the study 

are Thoubal Khunou, Iewrynghep and Hari 

from the states of Manipur, Meghalaya and 

Arunachal Pradesh respectively (Fig. 1). For a 

comparative aspect the villages selected have 

similar forest types which infers that the 

population is making use of similar natural 

resources and hence ecological parameter is 

kept constant. The map of the study sites (Fig. 

1) and village descriptions (Table 1) are given 

below. 
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Fig. 1. A map of Northeast India depicting the study sites 
 

 

Table 1. Comparison of village demographics 

 Thoubal 

khunou 

(Manipur) 

Iewrynghep 

(Meghalaya) 

Hari-II 

(Arunachal) 

Forest type Sub-tropical & 

temperate  

Tropical to 

Sub-tropical 

Sub-tropical 

Altitude 790m 1500-1700m 1571m 

Number of Families 33 99 176 

Population 

(As per census 

2011) 

Male 98 427 208 

Female 81 467 212 

Total 179 894 420 

Male Literacy (in per cent) 85.54 73.17 90.70 

Female Literacy (in per cent) 69.01 85.80 80.75 

Total Literacy (in percent) 77.92 79.45 85.49 

State Literacy (in per cent) 76.94 74.43 65.38 
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METHODOLOGY  

Index method adopted by Hahn et al. (2009) 

to derive a composite Livelihood 

Vulnerability Index (LVI) score for each 

village has been implemented in this study. 

The index includes various components 

which collectively affect the livelihood of a 

society to negative impacts of climate 

change, the components include data on 

Socio-demographic profile, Livelihood 

strategies, Social networks, health, food, 

water, natural disasters and climate 

variability. These major components further 

have sub-components which represent the 

major component. The data is collected 

through a questionnaire which is prepared 

based on the sub-components, which are 

listed in Table 1. Primary data is acquired by 

questionnaires through household surveys 

to construct the index, this approach averts 

the shortcomings that are often associated 

with using secondary data and desists the 

dependency on macro-scale physical 

climate vulnerability assessments that are 

generalized for a larger area and might not 

represent regional vulnerability status 

accurately which is more useful for 

community development planning (Patz et 

al., 2005; Hahn et al., 2009; Pandey and Jha, 

2012). Households for survey from each 

village are selected randomly ensuring that 

at-least twenty per cent of total households 

(families) are considered for survey.  

 

Table 2. Major components of vulnerability function with their description 

 

Major 

Component 

Sub-Components Sources 

Socio-demographic 

Profile (SDP) 

Family dependency index (Ratio of  

population upto 18 and above 64 to the 

population 19–64) 

Domestic Household 

Survey, 2006; Hahn et al., 

2009; Pandey and Jha, 2012; 

K.U. Shah et al., 2013; 

Aryal et al., 2014 

Head of household : Male/Female (Percent of 

female headed households) 

DHS 2006; Hahn et al., 

2009; Pandey and Jha, 2012; 

K.U. Shah et al., 2013; 

Aryal et al., 2014 

Households where head has reported not 

attending primary school 

DHS 2006; Hahn et al., 

2009; K.U. Shah et al., 

2013; Aryal et al., 2014 

Livelihood 

Strategies (LS) 

Households with migrated members for 

earning 

World Bank 1997; Hahn et 

al., 2009; Pandey and Jha, 

2012; K.U. Shah et al., 

2013; Aryal et al., 2014 

Households reporting change in crop variety Pandey and Jha, 2012 

Households where new crop has been 

introduced 

Pandey and Jha, 2012 

Households reporting change in 

sowing/planting time 

Pandey and Jha, 2012 
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Households reporting increase in distance 

travelled/time taken for fuelwood, fodder and 

other natural resources collection 

Pandey and Jha, 2012 

Households which depend solely on 

agriculture as a source of income 

World Bank 1997; Hahn et 

al., 2009; Pandey and Jha, 

2012; Chaliha et al., 2012; 

K.U. Shah et al., 2013; 

Aryal et al., 2014 

Social Network 

(SN) 

Households which received assistance 

through social networks 

DHS 2006; Hahn et al., 

2009; Pandey and Jha, 2012; 

Chaliha et al., 2012;  K.U. 

Shah et al., 2013; Aryal et 

al., 2014 

Households which provided help to others DHS 2006; Hahn et al., 

2009; Pandey and Jha, 2012; 

Chaliha et al., 2012;  K.U. 

Shah et al., 2013; Aryal et 

al., 2014 

Households reporting money transaction 

between friends 

World Bank 1997; Hahn et 

al., 2009; Pandey and Jha, 

2012; K.U. Shah et al., 

2013; Aryal et al., 2014 

Health (H) Average time to nearest health facility World Bank 1997; DHS 

2006; Hahn et al., 2009; 

Chaliha et al., 2012;  K.U. 

Shah et al., 2013; Aryal et 

al., 2014 

Households reporting members suffering 

from any chronic illness 

World Bank 1997; DHS 

2006; Hahn et al., 2009;  

K.U. Shah et al., 2013; 

Aryal et al., 2014 

Households reporting death/disease due to 

climatic factor 

Pandey and Jha, 2012; 

Chaliha et al., 2012 

Households reporting new disease Pandey and Jha, 2012 

Food (F) Households dependent on agriculture for food Pandey and Jha, 2012 

Households primarily dependent on self 

farmed food 

Hahn et al., 2009;  K.U. 

Shah et al., 2013 

Average crop diversity index (Calculated as 

1/(n+1) where ‘n’ represents the number of 

crops grown by a household) 

World Bank 1997; Hahn et 

al., 2009; Chaliha et al., 

2012;  K.U. Shah et al., 

2013; Aryal et al., 2014 

Average no. Of months households struggle 

to find food 

World Bank 1997; Hahn et 

al., 2009 

Households reporting decreasing food 

production 

Pandey and Jha, 2012 

Households reporting loss of agricultural land Pandey and Jha, 2012; 

Chaliha et al., 2012 

Water (W) Households utilizing natural water source DHS 2006; Hahn et al., 

2009; Pandey and Jha, 2012; 

K.U. Shah et al., 2013; 

Aryal et al., 2014 

Households reporting water conflicts Hahn et al., 2009; Aryal et 

al., 2014 
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Households reporting problem for access of 

drinking water 

World Bank 1997; Hahn et 

al., 2009; Pandey and Jha, 

2012; K.U. Shah et al., 2013 

Households reporting problem for access of 

water for irrigation 

World Bank 1997; Hahn et 

al., 2009; Pandey and Jha, 

2012; K.U. Shah et al., 2013 

Natural Disaster 

(ND) 

Households which reported injury or death 

due to natural disasters 

Hahn et al., 2009; Pandey 

and Jha, 2012; Chaliha et al., 

2012;  K.U. Shah et al., 

2013; Aryal et al., 2014 

Households which reported loss of property 

or livestock due to natural disasters 

Pandey and Jha, 2012; 

Chaliha et al., 2012;  K.U. 

Shah et al., 2013; Aryal et 

al., 2014 

Households that do not receive warning 

before natural disasters 

Williamsburg Emergency 

Managemnt (2004); Hahn et 

al., 2009; Aryal et al., 2014 

Climate Variability 

(CV) 

Temperature perception index Pandey and Jha, 2012; Aryal 

et al., 2014 

Rainfall perception index Pandey and Jha, 2012; Aryal 

et al., 2014 

Hailstorms perception index Pandey and Jha, 2012; Aryal 

et al., 2014 

 

We have adopted a balanced weighted 

approach (Sullivan et al., 2005) where each 

sub-components contributes equally to the 

overall index, this is to ensure equal 

importance of each indicator and avoid the 

bias associated with researcher judgement 

that might influence the weighting scheme if 

weights are assigned to indicators. This 

approach can be modified by assigning 

different weights to the sub-components 

depending on the research need. The steps 

for index preparation are discussed below. 

 

Normalization 

Normalization or standardization is a process 

of rendering an indicator dimensionless. As 

each sub-component measures a different 

nature of data which are on different scales, it 

is necessary to convert it into a dimensionless 

number which is comparable across all survey 

units and thus normalization is done for each 

sub-component to get a value between 0 and 

1. This approach is adopted from the 

calculation of Life Expectancy Index used in 

Human Development Index. (UNDP 2007; 

Hahn et al., 2009). 

The sub-components can have positive as well 

as negative relationship with its major 

component. If an increase in sub-component 

value contributes positively to the major 

component then it is termed as positive 

relationship and vice-verse. Depending on 

nature of this relationship, each indicator 

(sub-component) is normalized across all 

households from each village using the 

following equation - 

minmax

min

SS

SS
Index

v
sv




   (Eq. 1) (Formula 

for positive relationship), and 

minmax

1

SS

S
Index

v
sv




   (Eq. 2) (Formula 

for negative relationship) 

Where,  

Sv is the sub-component or indicator value for 

vth household 
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Smax and Smin is the maximum and minimum 

value of sub-component across all households 

in all villages under study. 

 

Aggregation 

Post normalization we use the below 

equation to find major component index by 

summing the normalized index values under 

the major component and dividing by the 

number of sub-components under that major 

component (averaging) –  

 

 

n

Index

M

n

i

svi

v


 1

 (Eq. 3) 

 

Where, 

Mv is one of the major component, 

Indexsvi is ith sub-component value, belonging 

to major component Mv for vth village,n is the 

number of sub-components in the major 

component. 

 

IPCC further classifies vulnerability as a 

function of Adaptive capacity, Exposure and 

Sensitivity (IPCC 2001) and the major 

components of vulnerability are grouped 

under each function. The components of 

Socio-demographic profile, Livelihood 

Strategies and Social Networks are grouped 

under Adaptive capacity, Sensitivity fucntion 

of vulnerability includes the components of 

Health, Food and water, the Exposure 

fucntion is defined by natural disasters and 

climate variability components. Based on 

IPCC’s classification of vulnerability we find a 

Livelihood Vulnerability (LVI) index, this 

requires the index values for adaptive 

capacity, sensitivity and exposure which is 

calculated as below. 

 

Index for Adaptive capacity: 

321

321
.

aaa

aaa

WWW

SNWLSWSDW
CapAda




  (Eq. 4) 

Where, 

Wa1, Wa2, Wa3 are the weights for 

socio-demographic profile, livelihood 

strategies and social network, respectively. In 

this case, the weights equal the number of 

sub-components under each major 

component. The index values for SD 

(Socio-demographic profile), LS (Livelihood 

Strategies) and SN (Social Networks) are as 

derived from Eq. 3. 

Similarly, index for sensitivity and exposure 

are calculated. 

Index for Sensitivity: 

321

321

sss

sss

WWW

WaWFWHW
Sen




  (Eq. 5) 

Index for Exposure: 

21

21

ee

ee

WW

CVWNDW
Exp




  (Eq. 6) 

 

After finding the index values for each 

function of vulnerability, we find the LVI index 

as: 

vvv SenCapAdaExpLVI *).(   (Eq. 7) 

The value of the index ranges from -1 (Least 

Vulnerable) to +1 (Most Vulnerable). 

 

RESULTS AND DISCUSSIONS 

After analysis of data, we obtain indexed 

values for each component of vulnerability 

(Fig. 2). The major component values for each 

village are given in Table 3. Table 4 gives the 

index values for each function of vulnerability 

along with overall LVI index for each village. 

Thoubal Khunou is found to have the highest 

Livelihood vulnerability owing to its high index 

values in Health, water and climate variability 

components which render the village more 

sensitive and exposed to climate change 

effect, this is reportedly due to longer travel 
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times to nearest health facility and higher 

number of people falling sick due to climate 

variability along with more loss of property 

due to natural disasters and no early warning 

systems for any extreme climatic events 

(Sullivan and Meigh 2005; Piya et al., 2019; 

Shen et al., 2022). The village also has low 

index values for socio-demographic profile, 

livelihood strategies and social networks 

which gives it the least adaptive capacity 

index value. The least adaptive capacity is 

owed to factors like highest percentage of 

households where the household head has 

not attended primary school, also, the literacy 

rate of the village is lowest amongst the three 

villages under study (Brooks and Adger, 2005; 

Defiesta and Rapera, 2014; Epule et al., 2021; 

Yimam and Holvoet, 2022). Livelihood 

strategies adopted by the community in 

Thoubal are least as no household reported 

introduction of new crop compared to high 

positive responses from other two villages 

which further exacerbates vulnerability 

(Lyimo and Kangalawe, 2010). High sensitivity 

of Thoubal village is also due to more number 

of months with shortage of food production in 

comparison to other villages (Kasperson and 

Kasperson, 2001) and most households 

depending on natural water resources which 

are more prone to changing climate (Hahn et 

al., 2009; Gentle et al., 2014, Keshavarz et al., 

2017), the village also reports most water 

related conflicts and thus making it more 

sensitive to climate change (Sullivan and 

Meigh, 2005; Bob et al., 2014; Meza et al., 

2014). Therefore least adaptive capacity in 

combination with high sensitivity and 

exposure render the village more vulnerable. 

 

 

Fig. 2. Spider graph representing index values of major components under vulnerability 
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Table 3. Indexed values of major components for villages 

Vulnerability 

Function 

Major components Village-wise indexed values 

Thoubal 

Khunou 

Iewrynghep Hari 

Adaptive Capacity Socio-demographic 

profile 

0.43 0.49 0.44 

Livelihood strategies 0.49 0.68 0.51 

Social Networks 0.14 0.86 0.33 

Sensitivity Health 0.27 0.07 0.13 

Food 0.42 0.49 0.33 

Water 0.67 0.50 0.21 

Exposure Natural disasters 0.22 0.39 0.35 

Climate variability 0.81 0.91 0.83 

 

Iewrynghep village is found to be the least 

vulnerable although having highest index 

value for Exposure, this is due to its strong 

adaptive capacity and low sensitivity owing 

to factors like least family dependency 

amongst the three villages (Dintwa et al., 

2019) and having high literacy among the 

head of households. The livelihood 

strategies of the village are also strong with 

most households reporting change in crop 

variety and introducing new crops (Lyimo 

and Kangalawe, 2010; Derbile 2013). The 

social networks component is also strongest 

for Iewrynghep thus making it strong in 

adaptive capacity domain. The village is also 

has sensitivity with least average travel time 

to health facilities and no reports of new 

diseases or sickness due to climate 

variability in past five years (Hahn et al., 

2009). 

 

Fig. 3. Radar Graph Representing Index Values of Each Vulnerability Function 
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Following the IPCC framework of vulnerability, 

the study gives us indexed values for each 

function of vulnerability which gives crucial 

insights about the area under study and helps 

in prioritising which sector needs more inputs 

in form of government or non-government 

aid. For example, an organisation working on 

developing the adaptive capacity of 

populations can solely consider adaptive 

capacity index and focus on areas with a 

lower adaptive capacity score. Similarly 

sensitivity and exposure domains can be 

prioritised depending on the scope of work of 

any stakeholder. For larger projects, the 

overall LVI index provides a useful tool to 

shortlist areas which are more vulnerable to 

climate change and helps the stakeholders 

and policy makers to formulate plans 

accordingly for the upliftment of local 

communities and make them more resilient. 

 

Table 4. Index Values of Each Vulnerability Function and Overall LVI Index 

Vulnerability 
Function 

Hari Iewrynghep 
Thoubal 
Khunou 

Adaptive Capacity 0.45 0.68 0.39 

Sensitivity 0.23 0.38 0.46 

Exposure 0.59 0.65 0.52 

LVI Index 0.03 -0.01 0.06 

 

Thus, the study gives a demonstration of 

framework for assessing vulnerability from 

bottom-up level. Using the methodology we 

can assess vulnerability not just for the state 

as a whole but also at district level, village 

level, and down to the smallest unit of 

individual household level depending on the 

scope of the research. The choice of 

indicators can vary depending the region, 

relevant indicators may be used. The 

vulnerability levels are comparable across the 

study area since index is developed based on 

same set of indicators. 

 

Policy Implications 

The index approach gives a more realistic 

representation of vulnerability and can be 

used to develop region-specific adaptation 

plans. Since the index is developed from a 

diverse set of components that make a 

population vulnerable, it can a used as a 

useful tool in policy making process where 

indicators have been used since 1920s 

(Sullivan and Meigh 2005), the importance of 

indicators in policy making has also been 

recognized in understanding complexities 

associated with environmental monitoring 

and management (Hammond et al., 1995; 

Streeten, 1995; Rennings and Wiggering, 1997; 

Rogers et al., 1997; World Bank, 1998; 

Sullivan and Meigh, 2005). Future researches 

may focus on assessing vulnerability levels in 

the northeast India based on similar 

methodology on a wider scale. 

 

CONCLUSIONS 

Vulnerability assessment involves the 

important task of selecting the indices to be 

included in the study which are relevant to 

the region and encapsulating them into a 

single index value, while the method is fairly 

straight forward, there are also certain 

limitations of the same such as the process of 

assigning weights to the individual indicators. 

While different weights can be assigned to the 

indicators based on their respective 
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importance, there is often lack of knowledge 

or data to support the assigning of weights 

and this might be prone to bias in expert 

judgement, also, in event of a disaster the 

respective weights for the indicators may 

change drastically. For areas where there is 

not enough data to assign variable weights to 

indicators, it can be inferred that equal 

weighting scheme is the ideal choice in 

resource poor setting (Rygel et al., 2006; Hahn 

et al., 2009). Another limitation associated 

with the method is that it represents static 

vulnerability status of the region and doesn't 

represent the temporal vulnerability which is 

an important factor considering the volatile 

nature of multiple indicators used in the 

study. 

 

Despite certain limitations, the LVI index is a 

useful tool for assessing vulnerability to 

climate change down to the smallest unit of a 

household and can be carried out at 

community, village and district levels. Apart 

from providing an overall index for 

vulnerability, it also gives insights into sectoral 

vulnerability through each of its components 

viz. Socio-demographic profile, livelihood 

strategies, social networks, health, food, 

water, natural disasters and climate variability 

and also the three main functions of 

vulnerability viz. Adaptive capacity, sensitivity 

and exposure, this enables us to focus on any 

particular domain of interest as per the scope 

of work, for example, studies focusing solely 

on threats associated with climate change on 

populations will be more interested in the 

data related to exposure aspect of this 

method. However the overall vulnerability is 

an intricate relationship between all the three 

functions of vulnerability, this is also apparent 

from the case of Iewrynghep village in this 

study which has the highest exposure index 

indicating more threats from changing climate, 

although the overall vulnerability is least due 

to its strong adaptive capacity. 

 

We found that the villages under study have a 

lot of scope to make them more resilient to 

changing climate by educating the 

communities about the phenomenon and 

introducing new ways of farming through 

introduction of new resilient varieties of crops 

or introducing new crops which are more 

suited to the climate prevailing in the region. 

We found that the areas where new varieties 

of crops have been introduced are facing 

problems of social acceptance and people are 

hesitant to give up on traditional methods 

and varieties, this is inferred from the 

“Introduction of new crop” indicator and 

discussions with the workers from agriculture 

department. For such instances a proper 

awareness program needs to be taken up to 

make the community well informed about the 

advantages and security associated with 

moving over to better options. Another 

crucial factor to reduce vulnerability is 

improving road infrastructure, this is essential 

for better and quick availability of resources 

and healthcare services, which at present is 

very time consuming as is observed from the 

“time taken to reach nearest health facility” 

indicator, in case of extreme climatic events, 

the response time is an important factor that 

differentiates between a hazard and a 

disaster, a quick response time prevents any 

hazard from turning into a disaster which 

would impact human lives, and therefore 

information services and early warning 

systems should be in place. 
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