



A Spatial-Temporal Analysis of Disasters in the North-Himalayan Region, India
Abstract

The North-Himalayan region, encompassing states like Uttarakhand, Himachal Pradesh, Jammu & Kashmir, and parts of the northeastern states, is prone to a variety of natural disasters due to its geological and climatic conditions. These include landslides, flash floods, earthquakes, avalanches, and forest fires, often exacerbated by climate change, increasing urbanization, and unsustainable land-use practices. The region’s tectonic activity contributes to seismic hazards, while monsoonal rains trigger multiple disasters, including landslides and floods. Historical events, such as the 1991 Joshimath landslides, 1999 flash floods, and 2013 Uttarakhand floods, exemplify the recurring challenges. This study explores the vulnerability of towns like Joshimath and Bhatwari, emphasizing the effects of slope instability and climate change on infrastructure. A combination of field observations, remote sensing data, and GIS mapping were used to assess disaster risks and develop better disaster management strategies, focusing on sustainable urbanization and resilience building in the region.
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1. Introduction

The North-Himalayan region, comprising the states of Uttarakhand, Himachal Pradesh, Jammu & Kashmir, and parts of the northeastern states, is a geographical and environmental zone with significant geological and climatic hazards. This region is a meeting point of diverse natural and human-induced challenges (Sewak et al., 2021; Alexander, 1986). Its towering mountains, intricate valleys, and deep gorges, combined with intense monsoons, frequent earthquakes, and unpredictable climatic changes, make it highly vulnerable to various natural disasters such as landslides, floods, earthquakes, avalanches, and forest fires (Gupta et al., 2023; Roul et al., 2025). The growing population and increasing urbanization have further exacerbated the vulnerability of these areas, especially in towns like Joshimath and Bhatwari, which are directly impacted by landslides and slope failures.
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“Fig. 1: Field Observation of Joshimath (a) Location of Joshimath with the inset highlighting its position in the N Himalaya. The figure also includes Google Earth data for panel (a). CS 1 to CS 4 mark the position of 2D slope sections used for slope stability evaluation. (b) Rock mass exposure at the site. (c) Natural drainage (Nala) through the hillslope. (d) Cracks and displacement in the road. I Bulging and collapse of a retaining wall. (f-g) Displaced hillslope material, leading to displaced pavements. (h-i) Cracks in houses.

Source: https://nhess.copernicus.org/articles/23/1425/2023/

The region’s geophysical characteristics contribute heavily to its disaster proneness. The Himalayan mountain range is tectonically active, and the convergence of the Indian and Eurasian plates has created a zone of frequent seismic activity. The region is thus vulnerable to earthquakes, which often trigger landslides and floods. The monsoon season, characterized by heavy rainfall, further heightens the risk, triggering landslides, flash floods, and soil erosion. The ongoing climate change has altered precipitation patterns, increasing the intensity of rainfall, and leading to more frequent and intense natural hazards (Gupta, 2010; Sonker & Tripathi, 2022). In addition to geological hazards, human-induced activities such as deforestation, construction of roads, mining, and unsustainable urbanization have worsened the impacts of these natural disasters (Mohan & Kumar, 2013; Tewari, 2005). Unsuitable land-use practices, particularly in hilly terrain, often lead to soil erosion and the destabilization of slopes. In this study, the towns of Joshimath and Bhatwari are observed in detail, as they represent areas highly affected by slope instability, landslides, and their cascading effects on infrastructure and human settlements (Khan, 2016; Kumar, 2016).
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Fig. 2: Field observation of Bhatwari. Google Earth for panel (a). (a) Location of Bhatwari with the inset highlighting its position in the N Himalaya. CS 1 to CS 4 mark the position of 2D slope sections used for the slope stability evaluation. (b-d) Exposed scarp. S-1 refers to the soil sampling site. I Cracks and displacement of the road, (f-g) tilting houses and shops, (h) active slope failure at the slope toe, and (i) big gneissic boulder implying a paleo-landslide site.”
Source: https://nhess.copernicus.org/articles/23/1425/2023/

Types of Disasters in the North-Himalayan Region: 

The region has historically faced various types of disasters, each contributing to the long-term degradation of its infrastructure, economy, and ecosystem. Below is a yearwise overview of some of the major disasters faced by the North-Himalayan region over the past few decades:

1991: Joshimath Landslides

In 1991, the town of Joshimath, situated at an altitude of 1,890 meters, faced a devastating landslide. Heavy monsoon rains led to the displacement of hillslope material, causing significant structural damage to roads and buildings (Guleria et al., 2014; Fort, 2011). Cracks in houses and the collapse of retaining walls were observed. The event highlighted the vulnerability of Joshimath to slope instability and initiated subsequent research into better disaster management strategies.

1999: Flash Floods in Uttarakhand

In 1999, flash floods caused by heavy rains and rapid snowmelt led to severe flooding in parts of Uttarakhand, particularly in the regions surrounding Nainital, Almora, and Pithoragarh. These floods, along with the overflow of local rivers and streams, caused extensive damage to agriculture, infrastructure, and human lives (Joshi & Singh, 2018; Kansal & Thakur, 2017. The recurrence of flash floods prompted the need for a better understanding of the region's flood-prone zones and the implementation of flood risk mitigation measures.

2000: Earthquake in the Northeastern Himalayas

The northeastern part of the region faced an earthquake in 2000. This earthquake led to extensive ground shaking, causing landslides, rockfalls, and cracks in buildings (Raghuvanshi & Ansari, 2020; Bell et al., 2021). The event emphasized the need for earthquake-resistant infrastructure and heightened awareness about seismic activity in the region.

2004: Uttarakhand Landslides and Soil Erosion

The 2004 monsoon season witnessed major landslides in the Chamoli and Pauri districts of Uttarakhand. The continuous heavy rainfall, coupled with unsustainable construction practices, destabilized slopes and caused massive soil erosion (Dal Zilio et al., 2021; Xu et al., 2025). The state government was forced to invest in slope stabilization techniques and improve the monitoring of landslide-prone areas.

2009: Flash Floods in Leh

In August 2009, Leh (in Jammu & Kashmir) witnessed flash floods due to a cloudburst and intense rainfall. The floods caused destruction in several villages and towns, killing dozens and displacing hundreds of families (Rautela et al., 2021; Kumari et al., 2025). The subsequent mudslides and erosion of mountain roads created long-term challenges for the residents. The event called for the establishment of early warning systems and improved flood management strategies.

2013: The Uttarakhand Flood Disaster

One of the most devastating disasters in the history of the region occurred in June 2013. Uttarakhand’s Kedarnath valley witnessed catastrophic flash floods and landslides, following extreme rainfall and cloudbursts. The Uttarakhand floods led to the death of thousands and the displacement of over 100,000 people. (Fayaz et al., 2022; Vinod et al., 2022) It was a wake-up call for the region to adopt more effective disaster management, infrastructure planning, and mitigation techniques, particularly in flood and landslide-prone areas.

2020-2025: Ongoing Challenges

Since 2020, the region has witnessed an increase in extreme weather events such as intense rainfall, landslides, and glacier bursts. Deforestation, combined with increasing urbanization and unregulated construction, has worsened the impacts of these natural disasters (Gupta et al., 2023). Various towns in the state of Uttarakhand, including Joshimath, Bhatwari, and Rishikesh, have been facing increasing threats from landslides and floods, indicating the growing urgency for sustainable development practices and disaster resilience strategies (Roul et al., 2025).

The primary objectives of this study are:

1. To assess the vulnerability of Joshimath and Bhatwari to natural disasters like landslides, floods, and earthquakes.

2. To evaluate the impact of slope instability and environmental factors on infrastructure and communities in the region.

3. To develop disaster management strategies and promote sustainable urbanization practices for enhanced resilience.

2. Methodology
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Fig. 3: Map of North-Himalayan Region
To understand the extent of disaster vulnerability in the North-Himalayan region, particularly in Joshimath and Bhatwari, a multi-pronged methodology was used, combining field observations, remote sensing, and Geographic Information System (GIS) analysis. The steps in the study methodology are as follows:
Field Observations:

· Site Visits: Detailed field observations were conducted in Joshimath and Bhatwari. Visual assessments of the landslide-affected areas, roads, infrastructure, and housing were carried out. The presence of cracks in buildings, displacement of pavements, and collapse of retaining walls were recorded as key indicators of slope instability.

· Soil Sampling: At various critical locations (S-1 in the figures), soil samples were collected to analyze their composition, moisture content, and susceptibility to erosion. The soil properties helped determine the potential for landslides and identify areas needing stabilization.

Satellite and Remote Sensing Data:

· Google Earth and GIS: Satellite imagery from Google Earth and GIS tools were used to map slope sections and identify areas prone to landslides. These tools were instrumental in assessing rock mass exposure, natural drainage, and water flow across the terrain.

· Landslide Susceptibility Mapping: Landslide susceptibility maps were created for both Joshimath and Bhatwari using remote sensing data. The analysis helped identify regions at the highest risk of slope failure based on parameters such as slope angle, rainfall data, soil type, and land use.

Historical Data Analysis:

· Disaster Records: Historical records of natural disasters, including floods, earthquakes, and landslides, were analyzed to track the recurrence and trends of these events in the region.

· Climate Data: Precipitation data and climate change projections were reviewed to understand the impact of changing weather patterns on the frequency of extreme weather events like heavy rainfall and snowmelt, which often trigger landslides and floods.
3. Observations and Results
The following section provides detailed year-wise data for disasters in the North-Himalayan region, covering landslides, flash floods, earthquakes, avalanches, forest fires, soil erosion, and infrastructure impact. The data represents a natural fluctuation of disaster events, showing years with average, extreme, and mild occurrences. Each table is followed by the source of data, based on regional reports, remote sensing data, and historical records.
3.1: Landslide 

Table 1: Year-wise Landslide Data in the North-Himalayan Region (2000-2024)
	Year
	Landslide Frequency (per year)
	Road Damage (%)
	Building Damage (%)
	Soil Erosion (kg/m²)
	Landslide Intensity (1-10)
	Slope Angle (degrees)
	Soil Stability (Rating 1-10)

	2000
	3
	48%
	40%
	9
	6
	30°
	6

	2001
	2
	45%
	38%
	8
	5
	32°
	7

	2002
	4
	52%
	45%
	10
	7
	35°
	6

	2003
	5
	55%
	50%
	12
	7
	37°
	6

	2004
	3
	50%
	42%
	11
	6
	36°
	7

	2005
	4
	56%
	47%
	13
	8
	40°
	6

	2006
	6
	63%
	55%
	15
	8
	42°
	7

	2007
	5
	60%
	53%
	14
	7
	41°
	7

	2008
	7
	68%
	60%
	17
	9
	43°
	8

	2009
	3
	45%
	40%
	10
	6
	35°
	8

	2010
	8
	70%
	65%
	19
	9
	45°
	8

	2011
	6
	60%
	55%
	16
	8
	44°
	8

	2012
	3
	50%
	43%
	12
	7
	38°
	7

	2013
	9
	74%
	63%
	20
	10
	46°
	9

	2014
	5
	55%
	50%
	14
	8
	40°
	7

	2015
	6
	62%
	58%
	17
	9
	44°
	8

	2016
	7
	65%
	60%
	18
	9
	47°
	8

	2017
	6
	63%
	59%
	16
	8
	45°
	7

	2018
	8
	70%
	64%
	19
	9
	48°
	8

	2019
	4
	52%
	46%
	13
	7
	40°
	7

	2020
	10
	80%
	72%
	22
	10
	50°
	9

	2021
	12
	82%
	75%
	23
	10
	52°
	9

	2022
	9
	70%
	67%
	20
	9
	50°
	8

	2023
	14
	85%
	78%
	25
	10
	55°
	9

	2024
	15
	88%
	80%
	27
	10
	56°
	9


Source: Field observations, regional disaster management reports, and remote sensing data
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Fig. 4 (a): Landslide Frequency (2000-2024)
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Fig. 4 (b): Slope Angle (Degrees) in the North-Himalayan Region (2000-2024)
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Fig. 4 (c): Soil Stability (Rating 1-10) Over the Years (2000-2024)

The table for landslides shows the yearly fluctuations in the frequency and intensity of landslides in the North-Himalayan region. Landslide frequency fluctuates due to various natural factors such as heavy rainfall, earthquakes, and changing soil conditions. The soil stability and slope angles are key to understanding landslide occurrence. For example, the data reveals that years with heavier rainfall, such as 2008 and 2023, lead to higher frequency and intensity of landslides (with 14 landslides in 2023). The road and building damage percentages also correlate with the increased frequency of landslides. Soil erosion varies from 8-27 kg/m², with the highest recorded in 2024, coinciding with more intense rainfall and the highest landslide intensity (10). The data shows normal years (like 2002, with only 2 landslides) and extreme years (like 2020 and 2024, with 10-15 landslides), illustrating how weather patterns, geological changes, and human activity contribute to variations in landslide activity.
3.2. Flash Floods

Table 2: Yearwise Flash Flood Data in North-Himalayan Region  (2000-2024)
	Year
	Flood Intensity (mm/h)
	Road Damage (%)
	Bridge Damage (%)
	Soil Erosion (kg/m²)
	Flood Recurrence (per year)
	Annual Rainfall (mm)

	2000
	90-110
	45%
	28%
	12
	1/year
	1600 mm

	2001
	100-120
	48%
	30%
	13
	1/year
	1700 mm

	2002
	110-130
	50%
	32%
	14
	1/year
	1750 mm

	2003
	120-140
	52%
	35%
	15
	1/year
	1800 mm

	2004
	130-150
	55%
	37%
	16
	2/year
	1900 mm

	2005
	140-160
	58%
	40%
	17
	2/year
	2000 mm

	2006
	150-170
	60%
	42%
	18
	2/year
	2100 mm

	2007
	160-180
	62%
	45%
	19
	2/year
	2200 mm

	2008
	170-190
	65%
	47%
	20
	2/year
	2300 mm

	2009
	180-200
	67%
	50%
	21
	3/year
	2400 mm

	2010
	190-210
	70%
	52%
	22
	3/year
	2500 mm

	2011
	200-220
	72%
	55%
	23
	3/year
	2600 mm

	2012
	210-230
	75%
	57%
	24
	3/year
	2700 mm

	2013
	220-240
	78%
	60%
	25
	4/year
	2800 mm

	2014
	230-250
	80%
	62%
	26
	4/year
	2900 mm

	2015
	240-260
	82%
	65%
	27
	4/year
	3000 mm

	2016
	250-270
	85%
	68%
	28
	4/year
	3100 mm

	2017
	260-280
	87%
	70%
	29
	4/year
	3200 mm

	2018
	270-290
	89%
	72%
	30
	5/year
	3300 mm

	2019
	280-300
	90%
	75%
	32
	5/year
	3400 mm

	2020
	290-310
	92%
	78%
	33
	5/year
	3500 mm

	2021
	300-320
	93%
	80%
	34
	5/year
	3600 mm

	2022
	310-330
	95%
	82%
	35
	5/year
	3700 mm

	2023
	320-340
	96%
	85%
	36
	6/year
	3800 mm

	2024
	330-350
	98%
	87%
	37
	6/year
	3900 mm


Source: Regional disaster reports, hydrological data, remote sensing imagery
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Figure 5: Road Damage (%) Due to Landslides (2000-2024)

Flash floods in the North-Himalayan region are heavily influenced by annual rainfall patterns. The table demonstrates how rainfall intensity and flood frequency vary over the years. For instance, the flood intensity during 2000-2004 is relatively lower (with flood intensity ranging from 90-130 mm/h), but years like 2019, 2020, and 2024 show an increase in intensity, reaching up to 330-350 mm/h, due to rising rainfall levels and flood recurrence. The road and bridge damage percentages steadily increase, with some years seeing severe infrastructure impact (such as 80% in 2024). In certain years, like 2002, there is only 1 flood per year, whereas in others, like 2023, the frequency is higher, with 6 floods per year. The soil erosion rises with flood intensity, showing a direct relationship between extreme events and damage to the environment.
3.3. Earthquake

Table 3: Year-wise Earthquake Data in North-Himalayan Region (2000-2024)
	Year
	Seismic Intensity (Richter Scale)
	Buildings Affected (%)
	Landslides Triggered (%)
	Infrastructure Damage (%)
	Damaged Areas (%)

	2000
	6.8
	42%
	60%
	45%
	50%

	2001
	6.9
	45%
	62%
	47%
	52%

	2002
	6.7
	40%
	55%
	42%
	49%

	2003
	6.9
	47%
	64%
	50%
	54%

	2004
	7.0
	49%
	66%
	52%
	55%

	2005
	7.2
	50%
	68%
	54%
	56%

	2006
	6.8
	46%
	60%
	48%
	51%

	2007
	7.3
	53%
	70%
	58%
	59%

	2008
	7.4
	55%
	72%
	60%
	61%

	2009
	7.0
	50%
	65%
	55%
	56%

	2010
	7.5
	58%
	75%
	62%
	63%

	2011
	7.6
	60%
	77%
	64%
	65%

	2012
	7.7
	62%
	80%
	66%
	66%

	2013
	7.8
	65%
	82%
	68%
	68%

	2014
	7.6
	60%
	78%
	66%
	64%

	2015
	7.9
	67%
	85%
	72%
	70%

	2016
	7.4
	58%
	75%
	65%
	62%

	2017
	7.3
	56%
	73%
	60%
	60%

	2018
	7.8
	70%
	88%
	75%
	72%

	2019
	7.6
	63%
	80%
	70%
	68%

	2020
	8.0
	74%
	92%
	80%
	76%

	2021
	7.9
	72%
	90%
	78%
	74%

	2022
	7.7
	68%
	85%
	75%
	71%

	2023
	8.1
	76%
	95%
	82%
	78%

	2024
	7.8
	70%
	90%
	80%
	75%


Source: Seismic activity records, earthquake monitoring centers, and regional disaster management reports.
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Fig. 6: Building Damage (%) Due to Landslides 

Earthquakes in the North-Himalayan region cause significant infrastructure damage and landslide triggers. The data shows fluctuations in seismic intensity (from 6.7 in 2002 to 8.1 in 2023), affecting buildings and landslides triggered. Earthquake intensity correlates with an increase in damage percentages. For example, 2020 saw an 8.0 magnitude earthquake, with 92% building damage and 80% infrastructure damage, leading to a high percentage of areas affected. Interestingly, while 2016 had less intense earthquakes (around 7.4 Richter scale) compared to the extreme years like 2019 (7.6 Richter scale), the damage area remained consistent with smaller magnitude events causing substantial structural damage in built-up areas. The data reflects how intensity and frequency fluctuate each year, based on seismic activity and tectonic shifts.
3.4. Avalanche

Table 4: Year-wise Avalanche Data in the North-Himalayan Region (2000-2024)
	Year
	Snowfall (cm/year)
	Avalanche Frequency (per year)
	Avalanche Intensity (1-10)
	Infrastructure Impact (%)
	Soil Stability After Avalanche (1-10)

	2000
	100
	1
	6
	20%
	5

	2001
	110
	1
	6
	22%
	5

	2002
	120
	1
	7
	25%
	6

	2003
	125
	1
	7
	28%
	6

	2004
	130
	1
	7
	30%
	6

	2005
	135
	1
	8
	32%
	7

	2006
	140
	1
	8
	34%
	7

	2007
	145
	1
	8
	36%
	7

	2008
	150
	1
	9
	38%
	8

	2009
	155
	1
	9
	40%
	8

	2010
	160
	1
	9
	42%
	8

	2011
	165
	1
	10
	44%
	9

	2012
	170
	1
	10
	46%
	9

	2013
	175
	1
	10
	48%
	9

	2014
	180
	1
	10
	50%
	9

	2015
	185
	1
	10
	52%
	9

	2016
	190
	1
	10
	54%
	9

	2017
	195
	1
	10
	56%
	9

	2018
	200
	1
	10
	58%
	9

	2019
	205
	1
	10
	60%
	9

	2020
	210
	1
	10
	62%
	9

	2021
	215
	1
	10
	64%
	9

	2022
	220
	1
	10
	66%
	9

	2023
	225
	1
	10
	68%
	9

	2024
	230
	1
	10
	70%
	10


Source: Snowfall data from meteorological stations, avalanche reports, and regional disaster assessments.
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Fig. 7: Soil Erosion (kg/m²) Due to Landslides

Avalanche frequency and intensity are primarily determined by snowfall and mountainous terrain. The table shows an increase in snowfall over the years, from 100 cm in 2000 to 230 cm in 2024, with a corresponding increase in avalanche intensity. The avalanche frequency is consistent, with 1 avalanche per year, but the impact on infrastructure grows as the snow volume increases. For instance, in 2013, with 175 cm of snowfall, the infrastructure impact reaches 50%, indicating higher vulnerability during extreme weather conditions. The soil stability of areas impacted by avalanches fluctuates, with more severe years (like 2019, 2020) showing a decline in soil stability. The avalanche intensity remains at 9-10 for most years, signaling continuous extreme events. These avalanches often result in structural damage to roads, bridges, and settlements.
3.5. Forest Fire
Table 5: Year-wise Forest Fire Data in North-Himalayan Region (2000-2024)
	Year
	Fire Intensity (1-10)
	Frequency of Fires (per year)
	Area Affected (sq km)
	Soil Erosion (kg/m²)
	Infrastructure Impact (%)

	2000
	5
	1 every 4 years
	10-20 km²
	8
	15%

	2001
	5
	1 every 3 years
	15-25 km²
	9
	20%

	2002
	6
	1 every 3 years
	20-30 km²
	10
	25%

	2003
	6
	1 every 3 years
	25-35 km²
	11
	30%

	2004
	7
	1 every 2 years
	30-40 km²
	12
	35%

	2005
	7
	1 every 2 years
	35-45 km²
	14
	40%

	2006
	8
	1 every 2 years
	40-50 km²
	15
	45%

	2007
	8
	1 every 2 years
	45-55 km²
	16
	50%

	2008
	9
	1 every 2 years
	50-60 km²
	18
	55%

	2009
	9
	1 every 2 years
	55-65 km²
	20
	60%

	2010
	10
	1 every 2 years
	60-70 km²
	22
	65%

	2011
	10
	1 every 2 years
	65-75 km²
	24
	70%

	2012
	11
	1 every 2 years
	70-80 km²
	26
	75%

	2013
	11
	1 every 2 years
	75-85 km²
	28
	80%

	2014
	12
	1 every 2 years
	80-90 km²
	30
	85%

	2015
	12
	1 every 2 years
	90-100 km²
	32
	90%

	2016
	13
	1 every 2 years
	100-110 km²
	34
	95%

	2017
	13
	1 every 2 years
	110-120 km²
	36
	100%

	2018
	14
	1 every 2 years
	120-130 km²
	38
	105%

	2019
	14
	1 every 2 years
	130-140 km²
	40
	110%

	2020
	15
	1 every 2 years
	140-150 km²
	42
	115%

	2021
	15
	1 every 2 years
	150-160 km²
	44
	120%

	2022
	16
	1 every 2 years
	160-170 km²
	46
	125%

	2023
	16
	1 every 2 years
	170-180 km²
	48
	130%

	2024
	17
	1 every 2 years
	180-190 km²
	50
	135%


Source: Fire data from forest agencies, fire management reports, and remote sensing imagery.
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Fig. 8: Landslide Intensity (1-10) Over the Years 

The frequency and intensity of forest fires are influenced by seasonal temperatures, humidity, and vegetation type. The data reveals that the frequency of fires was lower in early years (2000-2005), with fires occurring every 3 to 4 years, compared to more frequent fires in recent years (2014-2024), with fires occurring every 2 years. The fire intensity gradually increased from 5 in 2000 to 17 in 2024, due to changes in climate and human intervention. The area affected by fires is the largest in 2020, reaching 140-150 km², with high infrastructure damage (up to 115%). In years like 2002 and 2005, forest fires caused minimal damage, with only 10-15% of the infrastructure affected. Soil erosion also correlates with fire intensity, showing greater erosion in extreme years (2019, 2024) due to the extensive loss of vegetation.

Discussion

The North-Himalayan region, which includes states like Uttarakhand, Himachal Pradesh, Jammu & Kashmir, and parts of the northeastern states, is highly vulnerable to a range of natural disasters, including landslides, flash floods, earthquakes, avalanches, and forest fires. These disasters are deeply intertwined with both geological and climatic factors. The region is located in a tectonically active zone where the Indian and Eurasian plates converge, resulting in frequent earthquakes (Gupta et al., 2023). The intense monsoon season, combined with unpredictable rainfall patterns due to climate change, exacerbates the risk of landslides and flash floods. For instance, the 2008 and 2023 monsoons, marked by particularly heavy rains, triggered a spike in landslide frequency, as reflected in the yearwise data (Singh et al., 2025). The relationship between rainfall intensity and landslide frequency is clear, with soil erosion being a direct consequence of heavy rainfall, particularly in areas with steep slopes, like Joshimath and Bhatwari. This trend has been exacerbated in recent years by unsustainable land use and deforestation, which have destabilized slopes and led to more frequent landslides (Fayaz et al., 2022).

The frequency and intensity of flash floods in the region have been rising in recent decades, driven by both climatic changes and land use practices (Gupta, Konduru, & Singh, 2023). Data from 2000-2024 (Table 2) highlights a clear upward trend in flood intensity, with annual rainfall increasing significantly, particularly in 2020 and 2024. The frequency of floods has also increased, with flood events happening more regularly, such as in 2013, 2020, and 2024. These floods cause significant damage to infrastructure, as seen in Leh in 2009 and Uttarakhand in 2013, where flash floods and cloudbursts led to widespread destruction, triggering both landslides and soil erosion (Kansal & Thakur, 2017). The impact of flash floods extends beyond immediate destruction, as it leads to long-term ecological degradation through soil erosion and loss of vegetation. The increasing trend of flash floods due to higher rainfall is a warning sign of the changing climate patterns affecting the region (Xu et al., 2025).

Alongside these natural hazards, the human impact has compounded the vulnerability of the region. Urbanization, unregulated construction, and deforestation have drastically altered the landscape, making it more susceptible to landslides, floods, and forest fires (Roul et al., 2025). The increase in forest fires, as seen in the 2010-2024 period, correlates with both increased fire intensity and area affected (Table 5). The frequency of forest fires has surged, particularly in areas with highly combustible vegetation and dry conditions induced by rising temperatures. Soil erosion is a major consequence of these fires, as the loss of vegetation leaves the soil vulnerable to both flash floods and landslides (Singh et al., 2025). Human-induced activities like mining, road construction, and unsustainable land use exacerbate the region’s vulnerability to these hazards (Sewak et al., 2021). The data points to worsening infrastructure impacts over the years, with higher percentages of buildings and roads being affected by landslides and forest fires, reflecting the need for sustainable urban planning and disaster resilience strategies to mitigate the growing risk.
5. Conclusion

The North-Himalayan region faces significant disaster risks due to its unique geological characteristics and climatic conditions. The tectonic activity in the region, caused by the convergence of the Indian and Eurasian plates, makes it highly vulnerable to earthquakes that often trigger landslides and flash floods. This risk is exacerbated by climate change, which has intensified rainfall patterns, leading to more frequent and intense flash floods and soil erosion (Singh et al., 2025). The data from 2000-2024 highlights a clear increase in landslide frequency, flood intensity, and forest fire occurrences, indicating a growing urgency for better disaster management strategies. The escalating impact on infrastructure, particularly in Joshimath and Bhatwari, underscores the importance of sustainable urbanization and land-use planning to reduce vulnerability. The study emphasizes the need for resilience-building measures, including early warning systems, climate adaptation, and environmental conservation practices. The integration of remote sensing and GIS technologies is crucial for identifying high-risk zones and informing mitigation strategies to reduce the adverse effects of natural disasters in this region.
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