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

The North-Himalayan region, which includes such states as Uttarakhand, Himachal Pradesh, Jammu and Kashmir, and some parts of the northeastern states, is vulnerable to numerous natural disasters because of the geological and climatic conditions. This is landslides, flash-flooding, earthquakes, avalanches, forest fires, which are usually worsened by climate change, growing urbanization, and unsustainable land-use. The tectonic movements of the area make the area prone to seismic hazards and the monsoon rains cause various other disasters such as landslides and floods. Examples of the challenges that have reoccurred include historical events like landslides in 1991 in Joshimath, flash floods in 1999 and the 2013 Uttarakhand floods. This paper discusses the susceptibility of such towns as Joshimath and Bhatwari with a focus on issues of slope instability and climate change in terms of their infrastructure impact. Field observations, remote sensing data, and GIS mapping were combined in order to estimate the risks of disasters and formulate superior disaster management plans including sustainable urbanization and resilience construction in the area.
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1. Introduction

North-Himalayan region, which comprises the state of Uttarakhand, Himachal Pradesh, Jammu and Kashmir and some parts of the northeastern states, is a geographical and environmental area that has high geological and climatic dangers. It is an intersection of various natural and man-made problems (Sewak et al., 2021; Alexander, 1986). It is also extremely susceptible to many natural disasters including landslides, floods, earthquakes, avalanches, and forest fires due to its tall mountains, complex valleys, and deep gorges coupled with heavy monsoons, frequent earthquakes, and unpredictable weather conditions (Gupta et al., 2023; Roul et al., 2025). The increasing number and degree of urbanization has also increased the susceptibility of the regions particularly in the towns such as Joshimath and Bhatwari that fall directly within the reach of landslides and slope failures.
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“Fig. 1: Field Observation of Joshimath Joshimath site with one of its locution of location in the N Himalaya. The figure also includes Google Earth data of panel (a). The CS 1 to CS 4 represent the position of 2D slope sections to slope analysis. (b) interface with the masses on the site. Dee on the natural slope drainage on hills (Nala). (d) Road cracks and displacements of roads. I Fulging Retaining wall. (f-g) Tipped material, this results in displaced pavements. (h-i) Breakages in houses.
Source: https://nhess.copernicus.org/articles/23/1425/2023/

The geophysical features of the region also play a major role in making the region disaster prone. The Himalayan mountain range is also tectonically active, and due to the convergence of the Indian and Eurasian plates, a zone of high frequency of seismic activity was formed. Earthquakes are therefore likely to occur in the region leading to landslides and floods. Heavy rains cover the period of the monsoon season, which increases the risk even more and causes landslides, flash floods, and soil erosion. The current climate change has made a change in the precipitation patterns such that the downfall has become heavier, and natural hazards are occurring more frequently and intensively (Gupta, 2010; Sonker and Tripathi, 2022). Besides geological risks, the effects of these natural calamities have been exacerbated by activities that people have caused through deforestation, road construction, mining, and unsustainable urbanization (Mohan & Kumar, 2013; Tewari, 2005). The improper land-use patterns especially in hilly areas are likely to cause soil erosion and slope destabilization. In the given work, towns of Joshimath and Bhatwari are viewed in the detail as these are the locations that are severely impacted by slope instability, landslides, and their downstream impacts on the infrastructure and human settlements (Khan, 2016; Kumar, 2016).
[image: image2.jpg]



Fig. 2: Field observation of Bhatwari. Google Earth for panel (a). (a) Bhatwari location including the inset that shows its location in the N Himalaya. CS 1 to CS 4 denotes the location of 2D slope sections of 2D slope stability assessment. (b-d) Exposed scarp. S- 1 is the location where the soil is sampled. I Cracks and movement of the road, (f-g) tilting houses and shops, (h) movement at the slope toe of an active slope failure and (i) massive gneissic boulder suggesting a paleo-landslide location.
Source: https://nhess.copernicus.org/articles/23/1425/2023/

Types of Disasters in the North-Himalayan Region (Yearwise): 
The area has been experiencing different forms of disasters which have led to the gradual deterioration of the infrastructure, economy and the ecosystem of the region. An outline of several of the leading catastrophes of the last few decades which have befallen the North-Himalayan region is an overview of the past years:
1991: Joshimath Landslides

In the year 1991, the town of Joshimath, which is located at an altitude of 1,890 meters, experienced a disastrous landslide. Monsoon rains were heavy enough to result in the displacement of hillslope material, which created serious structural damage of roads and buildings (Guleria et al., 2014; Fort, 2011). House cracks and retaining walls collapses were witnessed. The incident demonstrated the susceptibility of Joshimath to slope instability and launched the following research on the more effective disaster management measures.
1999: Flash Floods in Uttarakhand

In 1999, heavy rains and fast snow melting resulted in flash floods that caused dire levels of flooding in Uttarakhand especially in the areas around Nainital, Almora and Pithoragarh. Such floods, as well as the discharge of local rivers and streams led to the massive destruction of agriculture, infrastructure and human life (Joshi & Singh, 2018; Kansal and Thakur, 2017). The repetition of flash floods led to the necessity to consider the flood-prone areas of the region better and introduce measures to mitigate the risk of floods.
2000: Earthquake in the Northeastern Himalayas

In the year 2000, the northeastern side of the region experienced an earthquake. Due to this earthquake, the ground shook widely which resulted in landslides, rockfalls, and building cracks (Raghuvanshi and Ansari, 2020; Bell et al., 2021). The disaster highlighted why infrastructure should be made earthquake-resistant and how more people should be made aware of seismic movements in the area.
2004: Uttarakhand Landslides and Soil Erosion

In the Chamoli and Pauri districts of Uttarakhand in the year 2004, landslides were experienced on a large scale. The heavy rains combined with the inability to sustainably construct the buildings destabilized the slopes and resulted in huge soil erosion (Dal Zilio et al., 2021; Xu et al., 2025). The state government had to invest in slope stabilization strategies and better the surveillance of landslide prone regions.
2009: Flash Floods in Leh

Flash floods were experienced in Leh (in Jammu and Kashmir) in August 2009 because of cloudburst and intense rainfall. The destruction in various villages and towns was observed, dozens of people were killed, and hundreds left their homes due to the floods (Rautela et al., 2021; Kumari et al., 2025). The ensuing mudslides and washing away of mountain roads posed a long run problem to the residents. The incident demanded the implementation of early warning mechanisms and better management strategies towards floods.
2013: The Uttarakhand Flood Disaster

In June of the year 2013, one of the most disastrous events in the histories of the region took place. In Kedarnath valley, Uttarakhand there were disastrous flash floods and landslides after abnormal rain and cloudbursts. The Uttarakhand floods caused thousands of people and displacement of more than 100,000 individuals. It was a wake-up call to the region to be more effective in disaster management, infrastructure planning, and mitigation strategies, especially in flood and landslide-prone regions. (Fayaz et al., 2022; Vinod et al., 2022)
2020-2025: Ongoing Challenges

The region has experienced a rise in severe weather conditions since the year 2020, including heavy rainfalls, landslides, and glacier bursts. Increased urbanization and uncontrolled construction coupled with deforestation have aggravated the effects of these natural disasters (Gupta et al., 2023). The problem of landslides and floods is becoming more and more acute in different towns located in the state of Uttarakhand, such as Joshimath, Bhatwari, and Rishikesh, which also means the sharpness of the need to use sustainable development practices and disaster resilience approaches (Roul et al., 2025).
The primary objectives of this study are:

1. To establish riskiness of the town of Joshimath and Bhatwari to any of the natural disasters like landslides, floods, and earthquakes.

2. To determine the difference in the influence of slope instability and environmental factors on infrastructure and communities in the region.

3. To develop disaster management plans, promote sustainable procedures of urbanization to enhance resilience.
2. Methodology
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Fig. 3: Map of North-Himalayan Regio

Source: https://en.wikivoyage.org/wiki/Himalayan_North
To determine the level of disaster readiness in the North-Himalayan area and specifically in the areas of Joshimath and Bhatwari, a multi-pronged approach was employed, as it involved both field and remote sensing, as well as Geographic Information System (GIS) analysis. The methods of the study plan are:
Field Observations:

• Site Visits: In-depth field trip was done at Joshimath and Bhatwari. The areas of the landslides, roads, infrastructure, and houses were visually assessed. Cracks in buildings, pavements and collapsing retaining walls were noted to be some of the significant pointers of slope unsteadiness.

Soil Sampling: Soil samples were also taken at different key points (S-1 in the figures) in order to determine the composition, moisture in them and their susceptibility to erosion. The soil characteristics were used to identify the possible occurrence of landslides and those areas that require stabilization.
Satellite and Remote Sensing Data:

Google Earth and GIS: The maps of slope sections and areas at risk of landslides were mapped with the help of satellite imagery of Google Earth and GIS tools. These were useful in estimating the exposure of rock mass, natural drainage and flow of water on the ground.

Landslide Susceptibility Mapping: Maps of landslide susceptibility were generated by the use of remote sensing data of Joshimath and Bhatwari. The analysis assisted in determining the areas where the slope was most susceptible to the slope failure basing on the slope angle, rainfall records, soil type, and land use.

Historical Data Analysis:

Disaster Records: Records of natural disasters which took place in the past such as floods, earthquakes and landslides were investigated to identify the frequency and trends of the events in the area.

The data obtained was on climatic conditions: The review of precipitation data and climate change projections were discussed in order to know how the change in weather patterns affects the occurrence of extreme weather events such as heavy rain, snowmelt, which cause landslides and floods.
3. Observations and Results
The next section gives a breakdown of the annual data of the disasters in the North-Himalayan region, by landslides, flash floods, earthquakes, avalanches, forest fires, soil erosion, and infrastructure impact. The data is a natural variation of the disaster events indicating years of average, extremes, and mild events. The source of data is provided at the end of each table, and it is based on the regional reports, remote sensing data and the historical records.
3.1. Landslide Data: Yearwise Frequency and Impact (2000-2024)

Table 1: Yearwise Landslide Data in North-Himalayan Region
	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 landslide table contains an annual variation in the occurrence and intensity of the landslides in the North-Himalayan area. The frequency of landslides varies under exposure to different elements of nature that include heavy rains, earthquakes, and alteration of the soil. The slope angles and the soil stability are the important factors that can be used to explain the occurrence of the landslide. To illustrate, data show that more rainfall was received in the years 2008 and 2023, which resulted in an increase in the frequency and intensity of landslides (14 landslides in 2023). The percentages of damage in roads and buildings are also correlated with the frequency of landslides that is increased. The soil erosion has been recorded between 8-27 kg/m 2 with the highest recorded in 2024 when there was an increase in the intensity of rainfall and the intensity of soilslides (10). The data present normal (such as 2002 due to the two landslides only) and extreme (such as 2020 and 2024 due to 10-15 landslides) years, which demonstrates the role of weather patterns, geological alterations, and human activity in the variation of landslide activity.
3.2. Flash Floods Data: Yearwise Frequency and Impact (2000-2024)

Table 2: Yearwise Flash Flood Data in North-Himalayan Region
	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)

North-Himalayan area is a zone that depends on the annual rainfall patterns to cause flash floods. The table indicates the variation in the intensity of rainfall and the frequency of floods per year. As an example, the intensity of floods of 2000-2004 is comparatively lower (between 90-130 mm/h), whereas such years as 2019, 2020, and 2024 indicate the growth of flood intensity, reaching 330-350 mm/h, because of an increase in rainfall rates and repeated floods. The percentages of the damage of roads and bridges are gradually growing, with certain years experiencing radical infrastructure damage (80 percent in 2024). In some years, such as 2002, the yearly floods are 1 but in some years, such as 2023 there are more floods, which are 6 per year. The intensity of flooding increases the erosion of the soil and there is a direct correlation between the extreme events and the environmental damages.
3.3. Earthquake Data: Yearwise Frequency and Impact (2000-2024)

Table 3: Yearwise Earthquake Data in North-Himalayan Region
	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 (2000-2024)

In North-Himalayan the earthquakes trigger territorial destruction of infrastructure and landslides. The statistics indicate the changes in the seismic intensity (between 6.7 in 2002 and 8.1 in 2023), which influence the buildings and landslides caused. The intensity of an earthquake is linked to a higher percentage of damages. An 8.0 magnitude earthquake in 2020, 92% building damage and 80% infrastructure damage caused, resulted in a large percentage of areas affected. Interestingly, although 2016 witnessed the less intense earthquakes (around 7.4 Richter scale) as compared to the extreme years such as 2019 (7.6 Richter scale) the extent of damage was similar with the smaller magnitude resulting in the significant structural damages in the built-up areas. The data indicates changing intensity and frequency per annum, depending on the seismic activity and tectonic movements.
3.4. Avalanche Data: Yearwise Frequency and Impact (2000-2024)

Table 4: Yearwise Avalanche Data in North-Himalayan Region
	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 (2000-2024)

The avalanche frequency and the avalanche intensity mainly depend on the snowfall and the mountainous terrain. The table demonstrates that the amount of the snowfall is growing, and the level of the avalanches is growing too, as the amount of the snow falls has increased in 2000 and 2024 the amount of the avalanche is 100 and 230 cm. The frequency of the avalanches is uniform and there are 1 avalanches in a year, but the destruction effect on the infrastructure increases with increase in the amount of snow. As an example, during the 2013 snowless period, the infrastructure was affected by 175 cm of the snow, which means the infrastructure is more susceptible to the extreme weather. The stability of soil in the regions affected by avalanches varies, and worst years (as in 2019, 2020) tend to exhibit a decrease in the stability of the soil. This avalanche magnitude has been 9-10 throughout most years with the implication of continuous extreme events. Such avalanches usually cause structural damage of roads, bridges and settlements.
3.5. Forest Fire Data: Year-wise Frequency and Impact (2000-2024)

Table 5: Year-wise Forest Fire Data in North-Himalayan Region
	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 (2000-2024)

Seasonal temperatures, humidity and type of vegetation dictate the frequency and severity of forest fires. The records demonstrate that, the frequency of fire was low during early years (2000-2005) with a fire frequency of 3 to 4 years as opposed to numerous fires in recent years (2014-2024) where a fire was experienced every 2 years. It is also because of the climate change and human intervention that the intensity of the fire slowly increased to 17 in 2024, up to 5 in 2000. In 2020, the territory under fire is the biggest since 2005 (140-150 km 2), and the infrastructures are damaged (up to 115%). Forest fires that occurred in the years 2002 and 2005 did not have much damage and only on 10-15% of infrastructure was it destroyed. There is also a correlation between soil erosion and fire intensity with the highest erosion during extreme years (2019, 2024) where the vegetation has been destroyed extensively.
4. Discussion

The northern Himalayan region incorporating such states as Uttarakhand, Himachal Pradesh, Jammu and Kashmir and the northeastern part of the states is very susceptible to various natural disasters such as landslides, flash floods, earthquakes, avalanches, as well as forest fires. These catastrophes are highly interlinked with geologic and climatic influences. It is situated in a tectonically active area, where the Indian and the Eurasian plates are approaching each other, which causes a high number of earthquakes (Gupta et al., 2023). The heavy rainy season and unpredictable weather conditions as a result of climate change increase the chances of landslides and flash floods. As an example, the 2008 and 2023 monsoons which had exceptionally high amounts of rains caused an increase in frequency of landslides, which can be seen in the yearly data (Singh et al., 2025). It is evident that when there is an increase in the intensity of rain, the frequency of landslides increases by a direct effect of soil erosion which occurs under heavy precipitation especially in areas where the slope is high as is the case in Joshimath and Bhatwari. The lack of sustainability in land use and deforestation has intensified this trend over the last few years and contributed to the increase in the frequency of landslides by destabilizing the slopes (Fayaz et al., 2022).

The climatic changes have been increasing the frequency and intensity of flash floods in the area, along with the land use practices (Gupta, Konduru, and Singh, 2023). Table 2, 2000-2024, presents a high tendency towards the growth of flooding intensity, as the average annual amount of rainfall has become considerably higher especially in 2020 and 2024. Floods have become more common, and the occurrence of the flood events is more frequent, i.e., in 2013, 2020, and 2024. The infrastructure is damaged by these floods, and this situation was observed in Leh in 2009 and Uttarakhand in 2013 when flash floods and cloudbursts caused extensive damage, resulting in landslides and soil erosion (Kansal and Thakur, 2017). The effects of flash floods are not limited to instant devastation, but also causes ecological degradation in the long run since it causes soil erosion and vegetation loss. The rising trend on flash floods because of the increase in rainfall is an indicator of the shifting climatic patterns in the area (Xu et al., 2025).
In conjunction with these natural hazards, the human factor has added to the weakness of the region. Urbanization, population uncontrolled construction and deforestation has significantly modified the scenery creating more vulnerability to landslides, floods, and forest fires (Roul et al., 2025). The rise in forest fires, observed during the past 2010-2024, is associated with the rise in fire intensity and the area covered (Table 5). Forest fires have increased in frequency especially in regions with vegetation that is highly flammable, and dry weather caused by temperature increase. One of the significant effects of these fires is soil erosion because without vegetation, the soil will be exposed to flash floods and landslides (Singh et al., 2025). Mining efforts, road traffic, and irresponsible land use by humans increase the sensitivity of the area to these dangers (Sewak et al., 2021). The data indicates increasing infrastructure affects over decades, and more percentage of buildings and roads are affected either by landslides or forest fires, indicating that the sustainable urban planning and the disaster resilience plan should help to address the increased risk.
5. Conclusion

The North-Himalayan area is under significant threat of the disaster due to the geological specificities and weather conditions. When both the Indian and Eurasian plate converge, it causes the tectonic activity in the region to be highly prone to earthquakes that in majority of the time bring about land-slides and flash-floods. Climate change is a risk which is complicated by the fact that rain patterns are increasing in number and intensity causing more and more powerful flash floods and soil erosion (Singh et al., 2025). The data of 20002024 indicates the apparent increase in the number of landslides, the intensity of floods and the number of forest fires that turned into a call to develop more effective measures of managing disasters. The increasing power on the infrastructure particularly in the areas of Joshimath and Bhatwari indicates the importance of a sustainable urbanization and land-use plan to reduce vulnerability. One of them is that of the early warning systems, climate adaptation, and environmental conservation practices, which are needed to bolster resiliency, as identified in the paper. The remote sensing and GIS technologies interrelation is crucial in the identification of high-risk regions and the policy guiding work to reduce the adverse effects of the natural disasters in this region.
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