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Abstract

India is one of the most disaster-prone countries in the world due to its vast geographical, climatic, and
demographic diversity. Natural hazards such as floods, earthquakes, droughts, landslides, and cyclones pose
significant threats to lives, livelihoods, and infrastructure. This study provides a statistical analysis of human
risk associated with natural hazards in India, using demographic, geographic, and socio-economic data. A
composite risk index was developed to identify vulnerable regions, assess the effectiveness of preparedness
strategies, and suggest policy interventions for sustainable disaster risk reduction.
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1. Introduction

Natural disasters disrupt economic and social development, especially in developing
countries like India, where vulnerability is high due to poverty, unplanned urbanization, and
environmental degradation. Understanding human risk helps prioritize disaster management
efforts and improve resilience.

Objectives: To study the frequency, distribution, and impact of major natural hazards in
India.

o To assess regional variations in human vulnerability and exposure.
o To develop a composite risk index based on statistical indicators.
e To provide actionable insights for policy-making and disaster planning.

2. Methodology

2.1 Data Sources

Data Type Source

EM-DAT,
NDMA, IMD

Census of India
(2011), SECC

Disaster Records

Population Data
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Data Type Source

NFHS-5, Ministry
of Health, UDISE

Health & Education

: : NSSO, RBI, NITI
Economic Indicators
Aayog
ISRO-Bhuvan,
Hazard Zonation Maps||Geological Survey
of India

2.2 Analytical Framework

The following formula is used for the Composite Risk Index:
CRI=HXExVACCRI = H \times \frac{E \times V}{AC}CRI=HxACExV
Where:

o H =Hazard intensity and frequency

e E = Exposure of population and assets

e V =Vulnerability index (poverty, illiteracy, poor housing)

o AC = Adaptive Capacity (infrastructure, awareness, response system)

Statistical Tools Used:

« Principal Component Analysis (PCA)
e Multiple Linear Regression

« Pearson Correlation Coefficients

e GIS-based spatial analysis

3. Statistical Analysis

3.1 Natural Hazard Frequency and Impact (2000-2024)

Type of||No. of||Affected Population (in Avg. Annual Loss (R
.- Deaths

Hazard Events million) Crores)

Floods 350 250 12,000 (3,750

Cyclones 75 80 7,000 4,800

Earthquakes |15 10 2,500 (2,400

Droughts 90 300 500 ||1,800
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Type of{|No. of||Affected Population (in Avg. Annual Loss (R
- Deaths

Hazard Events million) Crores)

Landslides 110 2 1,200 (200

3.2 Socio-Economic Vulnerability Indicators by State

State Poverty Rate|Literacy |Health Access|/Infrastructure  Score
(%) (%) Index (0-1) (0-10)
Bihar 33.7 63.8 0.45 4.1
Odisha 29.4 72.9 0.53 5.0
Assam 31.8 73.2 0.51 4.6
Maharashtra 17.4 82.3 0.67 7.2
Tamil Nadu 11.3 80.1 0.71 7.8
;'r';?jzzﬂa' 8.9 82.4 0.72 75

3.3 Correlation Between Vulnerability Factors and Disaster Impact

Variable Correlation with Mortality|Correlation with Economic Loss
Poverty Rate +0.78 +0.62
Literacy Rate -0.58 -0.49
Health Access -0.66 -0.57
Population Density||+0.72 +0.65

3.4 Composite Risk Index by Region (Top 10 States)

Rank||State CRI Score (0-100)||Risk Level

1 Bihar 86.2 Very High

2 Assam 82.5 Very High

3 Odisha 78.3 High

4 West Bengal ||75.4 High

5 Uttarakhand  ||72.8 High

6 Gujarat 66.1 Moderate-High
7 Andhra Pradesh||64.3 Moderate-High
8 Rajasthan 61.2 Moderate
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Rank||State CRI Score (0-100)||Risk Level
9 Tamil Nadu 55.7 Moderate
10 Kerala 48.5 Low

4. Results and Discussion

Eastern and northeastern India show the highest risk due to recurrent floods, poor

infrastructure, and high poverty.

Cyclone-prone coasts (Odisha, Andhra Pradesh) suffer frequent economic losses,

though lower mortality due to better warning systems.

Earthquake zones (Uttarakhand, Himachal) remain underprepared despite known

seismic risks.

Adaptive capacity greatly influences the final risk score — states like Tamil Nadu,

with better governance and health systems, have lower risk despite hazard exposure.

5. GIS-Based Risk Zonation (Summary)

Risk Zone||Key States

Characteristics

Very High

Bihar, Assam, Odisha

High exposure, low resilience

High

West Bengal, Uttarakhand, Gujarat |[Moderate capacity, frequent events

Moderate

Rajasthan, Maharashtra, Tamil Nadu||Mixed vulnerability and exposure

Low

Kerala, Punjab, Himachal Pradesh ||Strong capacity, lower hazard frequency

(Maps and heatmaps can be added using GIS tools for visual representation)

6. Policy Recommendations

Integrated Risk Mapping across all districts using GIS.

Disaster Insurance for vulnerable households in high-risk zones.
Public Awareness Campaigns in local languages.

Infrastructure Resilience: flood barriers, earthquake-proof housing.
District-Level Risk Plans with annual updates.

7. Conclusion

India’s human risk from natural hazards is shaped not only by the intensity of hazards but
also by population vulnerability and capacity to respond. The study highlights the need for

region-specific strategies, driven by data, to enhance resilience and reduce future losses.
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