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Abstract:  

Global warming has become the most apparent threat to humanity on Earth. Under the worldwide warming 

mechanism, a set of equations is found between thermodynamic and dynamic components that can control 

the changes in the intensity and frequency of rainfall events over a region. Due to global warming, scientists 

widely expect these trends to pursue as the earth warms; for each degree of Celsius warming, the air extent 

of water vapor goes up by about 7 percent. Therefore, an atmosphere with more water vapor can generate 

more intense rainfall events.  In this paper, the study investigates the variability of high-intensity rainfall 

events under the global warming scenario on an annual and seasonal basis in Ramgad Watershed, Kumaun 

Lesser Himalaya Uttarakhand, India, over the past fifty years. The study used the ground observed climatic 

data of the Automated Weather Station [AWS] of the Indian Meteorological Department situated in the 

watershed for the last 50 years. The result shows that the annual mean temperature of Ramgad Watershed is 

increased at the rate of 0.180C during the past fifty years while the study investigates the watershed recorded 

a progressively increasing trend in the events of high-intensity rainfall, overall, 123 high-intensity rainfall 

events with an increasing rate of 0.11% in the past fifty years. Furthermore, during the monsoon month, it 

has been observed that a considerably large proportion of high-intensity rainfall events fall in the category 

of severe rainfall events. At the same time, high-intensity rainfall events have shown a declining trend in the 

watershed during winter, summer, and post-monsoon seasons. The Study concluded that the increasing rate 

of mean annual and seasonal temperature over the watershed region has progressively increased the 

variabilities of high-intensity rainfall events, which emerged as the significant environmental ultimatum and 

diminishing the sustainability of the socio-ecological system and thus increasing the vulnerability of the 
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population to water, food, and livelihood insecurity in rainfed and densely populated Lesser Himalayan 

Mountains. 

Key Words: Thermodynamic, Global Warming, High-Intensity Rainfall Events,  

 

1. Introduction: 

 

Himalaya, which is one of the most massively populated and fast-urbanizing mountains in the world (Heath 

et al., 2020; Tiwari et al., 2019 and 2021; Tiwari and Joshi, 2012 and 2015) is highly vulnerable to rain-

induced hazards in the form of flash flood and cloud burst which generally caused by high-intensity rainfall 

events due to constant rise in temperature (Trenberth et al., 2003; IPCC,2012). Under global warming, the 

variability of rainfall is more intense and frequent for heavy rainfall but less frequent and weaker for light 

rain (Goswami,2006; Fujibe et al.,2005; Chou,2011). For each degree of warming, the air’s capacity for 

atmospheric water vapor increases by about +6% to +7% per degree warming, known as Clausius-Clapeyron 

scaling (Allen et al.,2014). In simple terms, As the air warms, it can retain more water vapor than cooler 

temperatures that can subsequently fall as rain (Chou,2011, wester,2019). It is predicted that the temperature 

in the Indian sub-continent will rise by 3.5 and 5.5ºC by 2100, and on the Tibetan Plateau by 2.5ºC by 2050 

and 5ºC by 2100 due to the relies of heat-trapping greenhouse gases into the atmosphere (ICIMOD,2009). 

As temperature rises, more water evaporates from the soil, plants and ocean, intensifying heavy rainfall 

events (Allen & Ingram,2002; Alexander et al.,2006) Trenberth et al.,2007). As a result, several landslides, 

flash floods, and cloud bursts caused wide-scale destruction. Consequently, it may interrupt the fragile 

Himalayan people’s life, livelihood, infrastructure, water supply, and subsistence agriculture economy on a 

vast scale (Wester,2019).  

There is a significant knowledge gap in the understanding of increasing warming and its association with the 

rainfall intensity in the Himalayas, owning lack of adequate hydro-meteorological data, the Himalayan 

region has not been included in many essential research works (Wester et al.,2019) However, a few studies 

have been conducted to understand so far to analyse the trends and variability f temperature and rainfall 

intensity, particularly at Himalayan region. Bhutiyani et al.2007 did a study and suggested a rise in 

temperature in the north-western Himalayas during the twentieth century. Dimiri et al.,.2007 investigated the 

winter temperature and precipitation over the western Himalayas and initiated that temperature is under-

estimate and precipitation is over-estimated in the Himalayas. IPCC 2007 pointed out that the average annual 

mean temperature over Asia including the Himalayas will increase by about 30C by the 2050s and about 50C 

by 2080s and average annual precipitation will increase by 10–30% by the 2080s (IPCC, 2007). Bhutiyani 

et al. (2009) interpreted the interlinkage between climate change and the precipitation variation in the north-

western Himalaya. The study analysed the spatial and temporal patterns of rainfall using the long -term 

climatic data [1992-2005] of two meteorological stations located at Nainital and Almora districts in the state 

of Uttarakhand.  Basistha et al. (2009) analyzed changes in rainfall pattern for 30 station during the twentieth 

century in Indian Himalayas and found that there was an increasing trend 1964, after which trends decreased 

during 1965-1980. Shrestha et al.2011 reported warming rate 0.6 0C/decade in Nepal central Himalaya during 
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1977-2002. Nandargi and Dhar (2011) analyzed the frequency of extreme one-day rainfall for 475 stations 

from 1871-2007 across the Indian Himalayan region. Joshi et al. (2013) examined rainfall trends by 

correlating it with different indices of extreme rainfall in Uttarakhand Himalaya. Moreover, in the Himalayas, 

the annual average temperature increased at the rate of 0.2°C per decade over the past five decades (Huggel 

et al. 2020; Dimri et al. 2021; Krishnan et al. 2019). Kotal et al., (2014) studied the observational aspects of 

catastrophic heavy rainfall event in the Great Himalayan Ranges in Uttarakhand occurred in June 2013. 

Xavier et al., (2018) analyzed the dynamic of an extreme rainfall event that triggered a devastating flood in 

the Greater Himalayan ranges in Uttarakhand. Nevertheless, the rate of increase in temperature has been 

remarkably high over the last decades, nearly equal to the global average increase in temperature (Dimri et 

al. 2021; ICIMOD 2012). Further, the annual mean temperature increased by almost 0.1°C across the 

Himalayan mountains over the last seventy years, and elevation-dependent warming will increase in the 

region in the coming decades (Dimri et al. 2021). Further, the annual mean temperature in the Himalayas is 

expected the rise between 0.3°C and 0.7°C at the end of the 21st century (Krishnan et al. 2019).  

Given this, the present study aims to analyze the temperature and rainfall intensity trends and variability over 

the watershed level in the Himalayan ecosystem. The work presented in this paper is based on the explanation 

of ground observed daily temperature and rainfall data of the past fifty years (1971-2020) over the Ramgad 

Watershed, located in Kumaun Lesser Himalaya, Uttarakhand, India. 

 

2. Study Area: 

The specific study area selected for this paper is the Ramgad Watershed. The Ramgad Watershed is situated 

in the Lesser Himalayan ranges of Nainital, Uttarakhand.  The Watershed lies between 29°24' to 29°29' N 

latitudes and 79°29' to 79°39'E longitudes and encompasses a geographical area of nearly 75.02 km2 between 

1025 and 2525 m altitude. Ramgad is one of the principal tributaries of River Kosi in its mountainous part. 

The site is characterised by diversified terrain and geomorphic landscape, which are reflected in varying 

magnitudes of slopes and their aspects, variety of soils, natural vegetation and hydrological parameters, and 

the climatic complexities of the region. Geologically, the area is very complex and constituted by several 

formations and shows evidence of displacement of rocks, slope failure and multi-cyclic river terraces. The 

total population of the headwater was 22085 persons in 2017, inhabited in 30 revenue villages.  Since the 

Ramgad watershed is one of the most densely populated area of Kumaun Lesser Himalaya, it has been 

considered a representative watershed for the present study. 
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3. Data Source and Methodology: 

To understand the changing temperature pattern in the Ramgad watershed, a comprehensive assessment has 

been carried out based on the ground-observed daily temperature data of the Automated Weather Station 

[AWS] of the Indian Meteorological Department situated in the Ramgad Watershed. IMD Dehradun 

collected the daily maximum and minimum temperature data from 1971 to 2020. since this section is 

comprised of an annual and seasonal analysis of maximum, minimum and mean temperature. The arithmetic 

average of daily maximum and minimum temperature data calculates the maximum and minimum 

temperature data. The mean temperature has been calculated by taking the arithmetic average of the daily 

maximum and minimum temperature. Similarly, the seasonal mean temperature was also calculated by 

averaging that particular season's daily minimum and maximum temperature. The high-intensity rainfall 

events have been divided into 'three' categories according to their intensity through the following criteria of 

IMD   revised classification of high-intensity rainfall for 24-hour accumulation Forecasting Circular 

5/2015(3.7) 2015. Mainly, the 'rainfall range in [mm]' and 'Percentile' parameters have been adopted for 

calculating high-intensity rainfall over the Watershed. This is as follows: [i] heavy rainfall ranges between 

64.5mm and 115.5 mm/day (percentile ranges between 95 and 99) [ii] very heavy rainfall varies between 

115.6 and 204.4 mm/day (percentile ranges between 99 and 99.9) [iii] extremely heavy rainfall, above 204.4 

mm/day (percentile above 99.9). As per the approach of IITM (Indian Institute of Tropical Meteorology 

Pune), the season is divided into four parts [i] The cold and dry winter season (December-February), [ii] The 

hot and dry summer (March-May), [iii] The hot and wet rainy season (June-September) and [iv] The 

Retreating south-west monsoon (October-November), the same approach of IITM is followed here to 

examine the seasonal rainfall trends and distribution over Ramgad Watershed.  

 

figure number 1: location map of Ramgad watershed 
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4. Result and Discussion  

 

4.1 The Annual Mean Temperature Trends in Ramgad Watershed 

The temperature is the most important physical quantity, determining the climatic system's fundamental 

properties. The temporal distribution of mean annual temperature trends over 1971-2020 in the Ramgad 

watershed is presented in Table 4.1. It has been shown to increase the mean annual temperature for 1971-

2020 gradually. The annual mean temperature was recorded at 13.690C, with an increasing rate of 0.180C 

during the past fifty years Table no.4.1.2(Figure no.4.1.1). The annual mean maximum temperature exhibited 

a growing trend, with a mean maximum temperature of 18.850C and an  rising rate of10C during the past 

fifty years Table no.4.1.2 (figure no.4.1.2). while the annual mean minimum temperature displayed 

significantly increasing trends of 5.840C with an increasing rate of 0.250C during the past fifty years Table 

no.4.1.2 (figure no.4.1.3). As evident from Table, the highest mean annual temperature (150C) was registered 

in 2010, and the mean annual temperature (12.50C) was recorded in 1992 in Ramgad Watershed during the 

last 50 years. Likewise, the annual mean maximum temperature was detected highest (20.360C) in 1987 and 

the lowest (17.650C) in 1971. Following 2009 and 2016 were the second and third hottest years when the 

annual mean maximum temperature rose to 20.20C and 20.320C in the region.  

On the other hand, thee annual mean minimum temperature was highest (10.210C) in 2010, and the lowest 

(5.880C) was recorded in 1992. Similarly, 1989 and 1991 were the second and third coolest years when the 

mean annual minimum temperature dropped to 7.40C and 6.720C, respectively. Moreover, the extreme 

maximum temperature of 32.50C was recorded on 25 May 2012, and the extreme minimum temperature of -

7.600C was recorded on 1registeredy 1992 during the last 50 years in Ramgad Watershed.  

 

Table no. 4.1.1: The Annual Mean Temperature Trends in Ramgad Watershed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SI.No. Years Annual Mean 

Temperature (0C) 

Annual Mean 

Maximum 

Temperature (0C) 

Annual Mean 

Minimum 

Temperature 

(0C) 

1. 1971 12.98 17.65 8.31 

2. 1972 13.71 18.72 8.71 

3. 1973 13.49 18.33 8.66 

4. 1974 14.13 19.97 8.3 

5. 1975 13.28 18.49 8.07 

6. 1976 13.38 18.52 8.29 

7. 1977 13.3 18.35 8.25 

8. 1978 13.08 18.19 7.97 

9. 1979 13.47 19.09 7.86 

10. 1980 13.6 19.12 8.11 

11. 1981 13.1 18.53 7.72 

12. 1982 13 18.24 7.85 

13. 1983 12.6 17.72 7.53 

14. 1984 13.54 18.85 8.23 

15. 1985 13.5 18.64 8.41 

16. 1986 12.9 18.28 7.64 

17. 1987 14.64 20.36 8.92 

18. 1988 13.89 19.05 8.73 

19. 1989 12.54 17.67 7.41 

20. 1990 12.55 18.07 8.08 

21. 1991 12.7 18.33 6.72 
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Table no.4.1.2: Decadal changes in temperature trends in Ramgad Watershed. 

 

 

 

 

 

 

22. 1992 12.05 18.04 5.88 

23. 1993 12.91 18.82 7.01 

24. 1994 NA NA NA 

25. 1995 NA NA NA 

26. 1996 NA NA NA 

27. 1997 NA NA NA 

28. 1998 12.75 18.71 7.89 

29. 1999 14.7 19.91 9.69 

30. 2000 13.75 18.58 9.12 

31. 2001 14.4 19.01 9.67 

32. 2002 14.2 18.87 9.41 

33. 2003 13.95 18.98 9.26 

34. 2004 14.45 19.55 9.45 

35. 2005 14.3 18.35 9.29 

36. 2006 14.8 19.67 9.97 

37. 2007 14.2 19.38 9.18 

38. 2008 13.8 18.76 8.81 

39. 2009 14.7 20.2 9.34 

40. 2010 15 19.9 10.21 

41. 2011 13.9 19.02 9.67 

42. 2012 13.85 18.7 9.41 

43. 2013 13.7 17.75 9.26 

44. 2014 14.4 19.47 9.45 

45. 2015 14.1 18.37 9.29 

46. 2016 14.35 20.32 9.97 

47. 2017 14.80 19.77 9.18 

48. 2018 14.55 19.87 8.81 

49. 2019 13.9 18.48 9.34 

50. 2020 14.45 18.69 10.21 

Average 

Annual 

Temperature 

50 years 13.69 18.85 

 

8.54 

 

Decades Decadal 

Mean 

Temperature 

(0C) 

Change in  

Decadal 

Mean 

Temperature 

(0C) 

Decadal 

Mean 

Maximum 

Temperature 

(0C) 

Change in 

Decadal 

Mean 

Maximum 

Temperature 

(0C) 

Decadal 

Mean 

Minimum 

Temperature 

(0C) 

Change in 

Decadal 

Mean 

Maximum 

Temperature 

(0C) 

1971-1980 13.44 - 18.64 - 8.25 - 

1981-1990 13.29 -0.15 18.54 -0.1 8.05 -0.2 

1991-2000 13.22 -0.07 18.73 +0.19 7.71 -0.34 

2001-2010 14.35 +1.13 19.26 +0.53 9.45 +1.74 

2011-2020 14.17 -0.18 19.09 -0.17 9.26 -0.19 

Average 

Temperature 

13.69 +0.18 18.85 +0.11 8.54 +0.25 
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Figure no. 4.4.1 Annual Mean Temperature (0C) 1971-2020 

 

Figure no. 4.4.2 Annual Mean Maximum Temperature (0C) 1971-2020 

 

 

Figure no. 4.4.3 Annual Mean Minimum Temperature (1971-2020) 
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4.2.  The Seasonal Temperature Trends in Ramgad Watershed 

All four seasons show significantly increasing trends over 1971-2020 in the region. Therefore, the season-

wise detailed analysis of the trends of temperature in the study area is as follows: 

4.2.1 Winter Temperature Trends in Ramgad Watershed: 

The winter temperature trends of Ramgad Watershed have been illustrated in Table 4.2.1 and Figure 4.2.1; 

The Table shows that the mean winter temperature has registered at 7.860C with an increasing rate of 0.190C 

during the past five decades. The mean winter temperature increased by 0.630C and 1.750C between 1981-

1990 and 2001-2010; it declined by 0.70C between 1991-2000 and by 0.90C between 2011-2020. The winter 

mean maximum temperature was recorded at 13.340C with an increasing rate of 0.150C over the past five 

decades. The winter mean maximum temperature increased by 0.760C and by 1.180C respectively during the 

decades 1981-1990 and 2001-2010, while the winter mean maximum temperature has risen by 1.180C, 

respectively. The winter mean maximum temperature declined by 0.450C between 1991-2000 and by 0.870C 

between 2011-2020. The winter mean minimum temperature was recorded at 2.480C with an increasing rate 

of 0.230C during the past five decades. The winter minimum temperature increased by 0.460C and 2.230C 

respectively during 1981-1,990 and 2001-2010; while it declined  by 0.950C and by 00C dur the remaining 

decades in the watershed.  

Table no. 4.2.1: Winter Temperature Trends in Ramgad Watershed 

Decades  Winter Mean 

Temperature 

(0C) 

Change in 

Winter mean 

Temperature 

(0C) 

 Decadal 

Maximum 

Temperature 

(0C) 

Change in 

Tmax. 

(0C) 

 Decadal 

Minimum 

Temperature 

(0C) 

Change in 

Tmin 

(0C) 

1971-1980 7.26 - 12.61 - 1.92 - 

1981-1990 7.89 +0.63 13.37 +0.76 2.41 +0.49 

1991-2000 7.19 -0.70 12.92 -0.45 1.46 -0.95 

2001-2010 8.94 +1.75 14.10 +1.18 3.78 +2.32 

2011-2020 8.04 -0.90 13.23 -0.87 2.85 -0.93 

Average 

Winter 

Temperat

ure 

7.86 +0.19 13.24 +0.15 2.48 +0.23 
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Figure no. 4.2.1 Decadal Changes in Winter Temperature (0C) over Ramgad Watershed (1971-2020) 

 

4.2.2 Summer Temperature Trends in Ramgad Watershed: 

The summer temperature trends in Ramgad Watershed are presented in Tables 2 and Figure 4.2.2. The Table 

shows that the mean summer temperature was recorded at 15.040C temperature with an increasing rate of 

0.030C during the past five decades. The mean summer temperature increased respectively by 0.590C and 

1.010C between 1991-2000 and 2001-2010; while it declined by 0.790C between 1981-1990 and 0.690C 

between 2011-2020. The summer mean maximum temperature was recorded 21.120C with an increasing rate 

of 0.050C during the past five decades. The maximum summer temperature has increased by 1.170C and by 

0.210C respectively In the decades 1991-2000 and 2001-2010, while it declined by 0.730C between 1981-

1990 and by 0.440C during 2011-2020. Similarly, the summer mean minimum temperature was recorded at 

8.970C with an increasing rate of 0.060C during the past five decades. The summer mean minimum 

temperature increased by 0.860C and b.80C respectively during the decades 1981-1990 and 2001-2010, while 

it declined by 0.860C, 0.170C, 0.530C, during 1981-1990,1991-200 and 2011-2020 respectively the 

Watershed.  
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Table no. 4.2.2 Summer Temperature Trends in Ramgad Watershed 

Decades Mean 

Temperature 

(0C) 

Change in 

mean 

Summer 

Temperature 

(0C) 

Maximum 

Temperature 

(0C) 

Change 

in 

Tmax. 

(0C) 

Minimum 

Temperature 

(0C) 

Change 

in Tmin 

(0C) 

1971-1980 15.06 - 20.98 - 9.15 - 

1981-1990 14.27 -0.79 20.25 -0.73 8.29 -0.86 

1991-2000 14.86 +0.59 21.61 +1.17 8.12 -0.17 

2001-2010 15.87 +1.01 21.82 +0.21 9.92  

+1.8 

2011-2020 15.18 -0.69 20.98 -0.44 9.39 -0.53 

Average 

Winter 

Temperature 

15.04 +0.03 21.12 +0.05 8.97 +0.06 

 

 

Figure No. 4.2.2 Decadal Changes in Summer Temperature over Ramgad Watershed (1971-2020) 

4.2.3 Monsoon Temperature Trends in Ramgad Watershed: 

The monsoon temperature trends of Ramgad Watershed have been presented in Table 4.2.3 and Figure 

4.2.3. The table shows that the mean monsoon temperature has registered 17.390C with an increasing rate of 

0.300C during the past five decades. The mean summer temperature increased by respectively by 

0.180C,1.050C and 0.18 0C during the decades of 1981-1990, 2001-2010 and 2011-2020; while it declined 

by 0.200C between 1991-2000. The monsoon means the maximum temperature has been recorded 21.50C 

temperature with an increasing rate of 0.200C during the past five decades.  Between the decades of 1981-

1990 and 1991-2000, the monsoon maximum temperature has increased by 0.460C and by 0.030C 

respectively. Between the decades of 2001-2010 and 2011-2020, the monsoon means maximum temperature 

significantly increased by 0.330C and by 0.010C in the Watershed. Similarly, the monsoon means minimum 

temperature had recorded 13.280C and with an increasing rate of 0.300C with an increasing rate of 0.390C 

during the past five decades.  Between the decades of 1981-1990 and 1991-2000, the monsoon means the 
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minimum temperature has declined by 0.100C and by 0.430C respectively; while it increased by 1.760C and 

by 0.360C between 2001-2010 and 2011-2020 the watershed. 

Table no. 4.2.3: Monsoon Temperature Trends in Ramgad Watershed 

Decades Mean 

Temperature 

(0C) 

Change in 

mean 

Monsoon 

Temperature 

(0C) 

Maximum 

Temperature 

Change 

in 

Tmax. 

(0C) 

Minimum 

Temperature 

(0C) 

Change in 

Tmin 

(0C) 

1971-1980 16.91 - 20.98 - 12.85 - 

1981-1990 17.09 +0.18 21.44 +0.46 12.75 -0.10 

1991-2000 16.89 -0.20 21.47 +0.03 12.32 -0.43 

2001-2010 17.94 +1.05 21.8 +0.33 14.08 +1.76 

2011-2020 18.12 +0.18 21.81 +0.01 14.44 +0.36 

Average 

Monsoon 

Temperature 

17.39 +0.30 21.5 +0.20 13.28 +0.39 

 

 

Figure no. 4.2.3 Decadal Changes in Monsoon Temperature over Ramgad Watershed {1971-2020) 

4.2.4 Post-Monsoon Temperature Trends in Ramgad Watershed: 

The Post-monsoon temperature trends of Ramgad Watershed have been presented in Table 4.2.4 and Figure 

4.2.4. The Table shows that the mean post-monsoon temperature was registered at 13.040C with an increasing 

rate of 0.230C during the past five decades. The mean post-monsoon temperature increased respectively by 

0.370C,0.760C, and 0.29 0C between 1991-2000, 2001-2010, and 2011-2020, while it declined by 0.500C 

between 1981-1990 in the watershed. The post-monsoon mean maximum temperature was recorded at 

18.620C with an increasing rate of 0.040C during the past five decades. The post-monsoon means maximum 

temperature increased by 0.130C, 0.320C, and 0.580C between 1991-2000, 2001-2010 and 2011-2020, while 

it declined by 0.320C between 1981-1990 in the watershed. Similarly, the post-monsoon mean minimum 

temperature was recorded at 7.470C with an increasing rate of 0.280C during the past five decades. The post-
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monsoon means minimum temperature increased by 0.060C, 1.150C, and 0.060C between 1991-2000, 2001-

2010, and 2011-2020, while it declined by 0.680C between 1981-1990 in the watershed. 

Table no. 4.2.4 Post-Monsoon Temperature Trends in Ramgad Watershed 

Decades Mean 

Temperature 

(0C) 

Change in 

mean post-

Monsoon 

Temperature 

(0C) 

Maximum 

Temperature 

Change 

in 

Tmax. 

(0C) 

Minimum 

Temperature 

(0C) 

Change in 

Tmin 

(0C) 

1971-1980 12.87 - 18.56 - 7.19 - 

1981-1990 12.37 -0.50 18.24 -0.32 6.51 -0.68 

1991-2000 12.74 +0.37 18.37 +0.13 

 
7.11 +0.6 

2001-2010 13.50 +0.76 18.69 +0.32 8.26 +1.15 

2011-2020 13.79 +0.29 19.27 +0.58 8.32 +0.06 

Average 

Post-

Monsoon 

Temperature 

13.04 +0.23 

 

 

 

 

18.62 +0.04 7.47 +0.28 

 

 

Figure no. 4.2.4 Decadal Changes in Post-Monsoon Temperature Over Ramgad Watershed (1971-2020) 

4.3 Annual Trends of High-Intensity Rainfall Events in Ramgad Watershed: 

 

The annual trends of high-intensity rainfall events in Ramgad Watershed over the past fifty years, 1971-

202,0 have been presented in Table 4.3.1 and Figure 4.3.1.   The Table shows that the Watershed observed 

a significant growing trend of high-intensity rainfall events over the past fifty years. The Table shows that 

the Watershed recorded the highest number of high-intensity rainfall events ranging between 4-7 events per 

year in 2007, 2005, 1980, 1985, 1993,1995,1998, 2000, 2005, 2009, 2010, 2013, 2014, and 2017, while the 

region experienced the lowest number of high-intensity rainfall events varying from 1 to 3 events per year 

in 1971, 1974, 1975, 1976, 1977, 1978, 1984, 1987, 1989, 1991, 1992, 1994, 1997, 1999, 2002, 2006, 2009 

and 2015 over the past fifty years. As a result, the Ramgad watershed has recorded an overall 123 high-

intensity rainfall events with an increasing rate of 0.11% in the past fifty years.  

 

0

5

10

15

20

25

1971-1980 1981-1990 1991-2000 2001-2010 2011-2020

T
em

p
er

a
tu

re

Decades

Decadal Changes in Post-Monsoon Temperature Over 

Ramgad Watershed [1971-2020]

Post Monsoon T
max
18.56058825
18.24291924
18.37 18.69
Post Monsoon T
min

Linear (Post
Monsoon T max
18.56058825
18.24291924
18.37 18.69)
Linear (Post
Monsoon T
min)

http://www.ijcrt.org/


www.ijcrt.org                                                           © 2023 IJCRT | Volume 11, Issue 7 July 2023 | ISSN: 2320-2882 

IJCRT2307366 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org d183 
 

Table no. 4.3.1 Annual Trends of High-Intensity Rainfall Events in Ramgad Watershed 

 

 
SI.No. Years Annual Number of 

Rainy Days 

Number of High-Intensity Rainfall 

Events 

1. 1971 83 1 

2. 1972 61 4 

3. 1973 81 0 

4. 1974 62 1 

5. 1975 91 3 

6. 1976 75 2 

7. 1977 82 1 

8. 1978 75 1 

9. 1979 60 0 

10. 1980 84 4 

11. 1981 73 2 

12. 1982 81 2 

13. 1983 77 3 

14. 1984 60 1 

15. 1985 88 4 

16. 1986 54 3 

17. 1987 34 1 

18. 1988 71 0 

19. 1989 51 2 

20. 1990 78 3 

21. 1991 56 1 

22. 1992 64 1 

23. 1993 63 6 

24. 1994 72 2 

25. 1995 73 5 

26. 1996 60 0 

27. 1997 79 2 

28. 1998 72 6 

29. 1999 66 1 

30. 2000 81 4 

31. 2001 64 0 

32. 2002 64 2 

33. 2003 72 3 

34. 2004 65 3 

35. 2005 77 5 

36. 2006 68 2 

37. 2007 71 3 

38. 2008 81 2 

39. 2009 55 4 

40. 2010 72 5 

41. 2011 77 3 

42. 2012 76 3 

43. 2013 70 4 

44. 2014 68 7 

45. 2015 75 2 

46. 2016 68 3 

47. 2017 71 4 

48. 2018 66 0 

49. 2019 79 0 

50. 2020 67 1 

Total  3513 123 
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Figure no. 4.3.1 Annual Number of High-Intensity Rainfall Events over Ramgad Watershed (1971-2020) 

 

4.3.2 Seasonal Trends of High-Intensity Rainfall Events in Ramgad Watershed: 

 

The seasonal trends of high-intensity rainfall events in the Ramgad Watershed over 1971-2020 have been 

illustrated in Table 4.3.2 and Figure 4.3.2. The Table makes it clear that the watershed recorded the highest 

number of events (109) of high-intensity rainfall in the monsoon season, followed by winter (6), post-

monsoon (6), and summer season (2) over the past 50 years. This indicates that the monsoon season is the 

most critical from the viewpoint of the incidences of high-intensity rainfall and their associated risks in the 

region. Out of the 10 -intensity rainfall events that occurred during the monsoon months, respectively 81, 25, 

and 3 have been characterized as heavy, very heavy, and extremely heavy rainfall events. Nevertheless, not 

a single event of extremely heavy rainfall was experienced in the region in the winter, summer, and post-

monsoon seasons over the past fifty years.  

 

Table No. 4.3.2 Seasonal Trends of High-Intensity Rainfall Events in Ramgad Watershed 
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Seasons Total Rainfall 

(mm) 

Days of High-

Intensity 

Rainfall 

Events 

Categories of High-Intensity Rainfall Events 

Heavy Rainfall 

Events 

Very Heavy 

Rainfall 

Events 

Extremely 

Heavy 

Rainfall 

Events 

Winter Season 

(December-February) 

6370 6 4 2 0 

Summer Season 

(March-May) 

8259 2 1 1 0 

Monsoon Season 

(June-September) 

46009 109 81 25 3 

Post-Monsoon Season 

(October and 

November) 

1959 6 5 1 0 

Total 62596 123 91 29 3 
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Figure no. 4.3.2Seasonal Changes in High-Intensity Rainfall Events over Ramgad Watershed (1971-2020) 

5. Conclusion 

The study examines that rainfall intensity has increased more strongly with rising temperatures in the 

Ramgad watershed over the past fifty years. The study has displayed that the annual mean temperature has 

increased at the rate of 0.180C, while high-intensity rainfall events increased by 0.11% in the Ramgad 

watershed during 1971-2020. The seasonal temperature trends also disclose the temperature variability in the 

watershed. The seasonal mean, maximum and minimum temperature increase significantly over the four 

seasons. The events of high-intensity rainfall are increasing not only during the monsoon months but also 

embellishing more severely. However, the Ramgad watershed experienced fewer quantities of high-intensity 

rain during the winter compared to the monsoon months. The increasing heavy rainfall events, in union with 

poverty and marginality, have increased the susceptibility of poor people in the watershed to climate change 

and climate change-induced risks across the Himalayan region. Given this, it is expected that the present 

study will contribute towards improving the understanding of how significantly increasing warming affects 

rainfall intensity and risk of flooding and the need for the Himalayas ecosystem adaptation at watershed 

levels. 

 

 

 

 

 

 

 

 

0

20

40

60

80

100

120

H
ig

h
-I

n
te

n
si

ty
 R

ai
n

fa
ll 

Ev
e

n
ts

Seasons

Seasonal Changes in High-Intensity Rainfall Events over 

Ramgad Watershed [1971-2020]

Total

Heavy Rainfall

Events

Very Heavy Rainfall

Events

Extremely Heavy

Rainfall Events

http://www.ijcrt.org/


www.ijcrt.org                                                           © 2023 IJCRT | Volume 11, Issue 7 July 2023 | ISSN: 2320-2882 

IJCRT2307366 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org d186 
 

References 

[1] Allan, R. P., and B. J. Soden, 2007: Large discrepancy between observed and simulated 

precipitation trends in the ascending and descending branches of the tropical circulation. Geophys. Res. 

Lett., 34, L18705, doi:10.1029/2007GL031460. 

[2] Alexander, L. V., Zhang, X., Peterson, T. C., Caesar, J., Gleason, B., Klein Tank, A.     M. G., et 

al. (2006). Global observed changes in daily climate extremes of temperature and precipitation. Journal of 

Geophysical Research: Atmospheres, 111 (D5) 

[3] Ayushi (2021). Cryosphere and Impacts in the Indian Himalayan Region, Current Science, 

VOL.120, No.5, Special Section, 10 March 2021 

[4] Basistha, A. and Arya, D. (2009). Analysis of historical changes in rainfall in the             Indian 

Himalayas. International Journal of Climatology.29.555 - 572.10.1002/joc.1706. 

[5] Bhutiyani, M. R., Kale, V. S., & Pawar, N. J. (2009). Climate change and the precipitation 

variations in the north-western Himalaya: 1866–2006. International Journal of Climatology, 30 (4), 535–

548. 

[6] Chia Chou, Research Centre for Environmental Changes, Academia Sinica, P.O.Box 1.48, Taipai 

11529 Taiwan Doi:10.1175/JCLI-D-11-00239.1 

[7] Dimri, A. P., Allen, S., Huggel, C., Mal, S., Ballesteros - Canovas, J. A., Rohrer, M., Shukla, A., 

Tiwari, P. C., Maharana, P., Bolch, T., and Thayyen, R. J., Stoffel, M. and Pandey, Ayushi (2021). 

Cryosphere and Impacts in the Indian Himalayan Region, Current Science, VOL.120, No.5, Special 

Section, 10 March 2021 

[8] Fujibe, F., N. Yamazaki, M., Katsuyama, K. Kobayashi, (2005). The increasing trends of intense 

precipitation in Japan are based on four-hourly data for a hundred years. SOLA, 1, 41–44. 

[9] Goswami, B. N., V. Venugopal, D. Sengupta, M. S. Madhusudan, and P. 

K. Xavier, (2006). Increasing trend of extreme rain events over India in a warming environment. Science, p. 

314, 1442–1445. 

[10] Huggel, C., Allen, S., Dach, S., Dimri, A. P., Mal, S., Linbauer, A., Salzmann, N., and Bolch, T. 

(2020). An Integrative and Joint Approach to Climate Impacts, Hydrological Risks and Adaptation in the 

Indian Himalayan Region, in Dimri, A. P., Bookhagen, B., Stoffel, M., Yasunari, T. (Eds.) Himalayan 

Weather and Climate and their Impact on the Environment, Springer, pp.553 – 574 

[11] Heath, Lance C.; Tiwari, P. C.; Sadhukhan, B.; Tiwari, S.; Chapagain, P.; Xu, T.; Li, G.; Ailikum; 

Joshi, B. and Yan, Z. (2020). Building Climate Change Resilience by Using A Versatile Toolkit for Local 

Governments and Communities in Rural Himalaya, Environmental Research, https: //doi. org/10.1016/j. 

envres.2020.109636 

[13] India Meteorological Department (2015), Forecasting Circular No.5/2015 (3.7), New Delhi 

[12] Joshi, V., Kumar, K. 2013: Extreme rainfall events and associated natural hazards in Alaknanda 

valley, Indian Himalayan region. J. Mt. Sci. 3, 228–236 (2006). https://doi.org/10.1007/s11629-006-0228-0 

http://www.ijcrt.org/


www.ijcrt.org                                                           © 2023 IJCRT | Volume 11, Issue 7 July 2023 | ISSN: 2320-2882 

IJCRT2307366 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org d187 
 

[13]  Kotal, S. D., Roy, S. S. and Bhowmik S. K. R. (2014), Catastrophic heavy rainfall episode over 

Uttarakhand during 16 - 18 June 2013: observational aspects, Current Science, vol.107 [14]  Krishnan, R., 

Shrestha, A. B., Ren, G., Rajbhandari, R., Saeed, S. Sanjay, J., Syed, M. A., Vellore, R., Y. Xu, You, Q. and 

Ren, Y. (2019). Unravelling Climate Change in the Hindu Kush Himalaya: Rapid Warming in the Mountains 

and Increasing Extremes, Chapter - 3, pp.57 - 98, Springer Nature Switzerland AG, Cham. 

[15] Nandargi, S. and Dhar, O. N. (2011), Extreme rainfall events over the Himalayas between 1871 and 

2007, Hydrological Sciences Journal, 56: 6, 930 - 945, DOI: 10.1080/02626667.2011.595373, https: //doi. 

org/10.1080/02626667.2011.595373 

[16] S.I., N. Nicholls, D. Easterling, C.M. Goodess, S. Kanae, J. Kossin, Y. Luo, J. Marengo, K. McInnes, 

seasonally. Reichstein, A. Sorteberg, C. Vera, and X. Zhang, 2012: Changes in climate extremes and their 

impacts on the natural physical environment. In: Managing the This of Extreme Events and Disasters to 

Advance Climate Change Adaptation [Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, 

M.D. Mastrandrea, K.J. Mach, G.-K. Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (eds.)]. A Special 

Report of Working Groups I and II of the Intergovernmental Panel on Climate Change (IPCC). Cambridge 

University Press, Cambridge, UK, and New York, NY, USA, pp. 109-230. 

[17] Shrestha, A. B., Agrawal, N. K., Alfthan, B., Bajracharya, S. R., Maréchal, J., Van Oort, B. (eds) 

(2015) The Himalayan Climate and Water Atlas: Impact of climate change on water resources in five of 

Asia’s major river basins. ICIMOD, GRID - Arendal and CICERO 

[18] Trenberth, K. E., (2011). Changes in precipitation with climate change. Climate Res., 47, 123–138. 

[19] Tiwari, P. C.; Wang, L. and Joshi Bhagwati (2019). Integrated Farming Systems Development for 

Mountain Agriculture in Asia; in Xuan Li, Mahmoud El Solh and Kadambot H. M Siddique (Eds.); 

Mountain Agriculture: Opportunities for Harnessing Zero Hunger in Asia; Food and Agriculture 

Organization of the United Nations, Bangkok, pp.57 – 70 

[20] Tiwari, P. C., Joshi, B., Gupta, A. K. and Bhardwaj, S. (2021), Integrated Farming System for Food 

Security in Indian Himalayas Under Climate Change, National Institute of Disaster Management [NIDM], 

Government of India, New Delhi 

[21] Tiwari, P. C. and Joshi, B. (2015). Global Change and Mountains: Consequences, Responses and 

Opportunities, in Velma Grover et al. (eds), Impact of Global Changes on Mountains: Responses and 

Adaptation, Science Publishers, CRS Press, Taylor and Francis, USA, pp.79 – 136 

[22] Tiwari, P. C. and Joshi, B. (2012). Natural & Socio-economic Drivers of Food Security in 

Himalaya. International Journal of Food Security, 4 (2): 195 - 207. DOI 10.1007/s12571 - 012 - 0178 – z 

[23] Wester, P., Mishra, A., Mukherji, A. and. Shrestha, A. B, eds. (2019), The Hindu Kush Himalaya 

Assessment: Mountains, Climate Change, Sustainability and People, Springer Nature Switzerland AG, 

Cham. Chapter - 9, pp.301 - 338, https: //Doi. org/10.1007/978 - 3 - 319 - 92288 – 1 

[24] Xavier. A., Manoj, M. G. and Mohan kumar, K. (2018), On the Dynamics of an Extreme Rainfall 

Event in Northern India in 2013, Earth Science 127: 30. DOI. Org/10.1007/sl240 - 018 - 0931 - 6 [67]  

 

http://www.ijcrt.org/

