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SPATIAL AND TEMPORAL DISTRIBUTION AND 

TRENDS IN SEASONAL RAINFALL AND RAINY 

DAYS ACROSS DIFFERENT STATIONS OF 

HIMACHAL PRADESH DURING THE PERIOD 

1971-2014 

 

 1. Spatial and temporal distribution of rainfall is a 

key factor which affects the availability of water for 

human use including agriculture and ultimately crop 

productivity. Climate change is likely to have adverse 

effects on crop production due to abiotic stresses in which 

water is an important variable. Intergovernmental Panel 

on Climate Change (IPCC, 2007) has projected that future 

climate change especially in temperature and rainfall are 

likely to affect agriculture, increasing the risk of hunger, 

water scarcity and rapid melting of glaciers. The 

freshwater availability in river basins is also likely to 

decrease due to the changing climate (Gosain et al., 2006). 

Several recent studies have observed the decreasing 

rainfall trends in Asia (Min et al., 2003; Goswami et al., 

2006; Dash et al., 2007). But in India studies showed that 

there is no trend of increase or decrease in average rainfall 

over the country (Lal, 2001; Sinha Ray and De, 2003; 

Kumar and Jain, 2010). However, significant changes in 

long-term rainfall on regional scale have been identified 

(Singh and Sen Roy, 2002; Kumar et al., 2005; 

Guhathakurta and Rajeevan, 2007; Dash et al., 2007; 

Kumar et al., 2010).  An increasing trend was observed in 

annual rainfall in nine river basins of northwest and 

central India (Singh et al., 2008). An increasing trend was 

also reported in most of the south India, except Kerala 

whereas decreasing trend in central India and northern 

Indian plain (Kumar et al., 2010). On an annual scale and 

for the entire country, most of studies have come up with 

more or less similar results indicating no change over the 

country but when it comes to the seasons and regional 

level, the changes are certain. About 80% of the rainfall in 

India occurs during the monsoon months (June-

September) with large spatial and temporal variations over 

the country. But at the same time other seasons with lower 

concentration of rainfall results in scarcity of water in 

many parts of the country. Significant spatial, temporal 

and inter-seasonal variations in the trends and variability 

of rainfall have been noticed in India (Ghosh et al., 2009). 

  

 Rainfall over India based on 100 years observations 

suggested that the mean monsoon rainfall has not been 

significantly changed, however several locations across 

the country showed a decreasing trend in monsoon and an 

increasing trend in the pre-monsoon and post-monsoon 

rainfall during 1871-2002 (Sinha Ray and Srivastava, 

2000; Dash et al., 2007). Decreasing trend in summer 

monsoon rainfall in northern India and increasing trend in 

south India has also been observed by Naidu et al. (2009). 

According to Sinha, Ray and Srivastava (1999), the 

frequency of heavy rainfall events during the southwest 

monsoon has shown an increasing trend over certain parts 

of the country, whereas a decreasing trend has been 

observed during winter, pre-monsoon and post-monsoon 

seasons. Since, the cropping patterns and productivity are 

influenced by spatial and temporal distribution of rainfall 

affecting the runoff, soil moisture and groundwater 

reserves; there is an urgent need of systematic 

documentation of characteristics and alterations in rainfall 

at regional/local level for developing prediction models 

and appropriate water management in near future. The 

state of Himachal Pradesh is the biggest montane 

ecosystem in India situated in northern part of the country. 

It is seventeenth largest state in area and twentieth in 

population of which 65 per cent people are dependent on 

agriculture and 60 per cent of GDP comes from 

agriculture sector. Increasing temperature and reducing 

rainfall affecting the crop growth and crop production is a 

major issue everywhere in the world nowadays and this 

state has also not remained untouched by these prime 

issues of climate change. For sustainable development of 

agriculture in state, there is a need to identify and quantify 

climatic change where agriculture has a significant 

influence on both the economy and livelihood. Hence in 

the present study, we have analyzed the characteristics of 

rainfall and long-term (1971-2014) trends in rainfall 

amount and number of rainy days over 40 stations in 

Himachal Pradesh for different seasons. 

 

 2. The state of Himachal Pradesh encompasses a 

geographical area of 55.7 lakh ha. Situated between 

31°22′40″ and 33°12′40″ N latitude and 75°45′55″ and 

77°10′20″ E longitude, the state is bordered by Jammu 

and Kashmir on the north, Punjab on the west and 

Haryana on the south-west. About 12 per cent of the state 

area is under agriculture which is mostly rain is fed (80 

per cent). Wheat, maize, rice and barley are the principal 

crops in State. In state, there are 12 districts, viz., Bilaspur, 

Chamba, Hamirpur, Kangra, Kinnaur, Kullu, Lahaul & 

Spiti, Mandi, Shimla, Solan, Sirmaur and Una. About 20 

per cent of the area is under forest cover. It is rich in 

biodiversity of flora and fauna. Nearly 27 per cent of the 

area of the state is covered under permanent pastures. The 

state is endowed with a wide range of physiography/ 

landform, climate, vegetation and geology which have 

influence on genesis of soils. The soils are mostly shallow, 

medium deep to deep, well/excessively drained, sandy, 

sandy-skeletal, loamy-skeletal, coarse-loamy and fine-

loamy, calcareous as well as non-calcareous with low 

available water capacity. The observed daily rainfall data 

of 40 stations in the state has been used to calculate mean, 

standard deviation and coefficient of variation of rainfall. 

The  time  period for which data of various stations is used 
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TABLE 1 

 

Rainfall data catalogue 

 

District Station Data period 
Latitude 

(°N) 

Longitude 

(°E) 

Elevation 

M (amsl) 

Bilaspur 
Ghumarwin 1982-2013 31.43 N 76.71 E 829 

Berthin 2004-2014 31.41 N 76.62 E 661 

Chamba Salooni 1991-2014 32.72 N 76.04 E 1766 

Hamirpur 

Bhoranj 2000-2014 31.68 N 76.52 E 933 

Hamirpur 1971-2014 31.70 N 76.50 E 782 

Nadaun 1991-2014 31.78 N 76.35 E 491 

Kangra 

Dehra 1973-2013 31.87 N 76.32 E 767 

Dharmashala 1972-2013 32.22 N 76.31 E 1246 

Nurpur 1974-2013 32.18 N 75.53 E 584 

Kangra 2003-2014 32.10 N 76.27 E 787 

Malan 2000-2014 32.11 N 76.41 E 1109 

Palampur 1974-2014 32.10 N 76.54 E 1253 

Kinnaur 
Nichar 1974-2010 31.55 N 77.96 E 2004 

Sangla 1970-2014 31.42 N 78.26 E 2649 

Kullu 
Banjar 1988-2014 31.63 N 77.34 E 1419 

Bajaura 1986-2014 31.84 N 77.16 E 1074 

Lahaul & 

Spiti 

Keylong 1972-2014 32.57 N 77.03 E 3098 

Udaipur 2001-2014 32.70N 76.70 E 2617 

Mandi 

Chachiot 2001-2014 31.39 N 77.20 E 1055 

Jogindernagar 2001-2014 31.99 N 76.79 E 1207 

Karsog 1974-2014 31.38 N 77.20 E 1465 

Mandi 1970-2014 31.70 N 76.93 E 771 

Sarkaghat 1974-2014 31.70 N 76.74 E 1031 

Sundarnagar 1974-2014 31.53 N 76.90 E 849 

Shimla 

Shimla 1985-2014 31.09 N 77.17 E 2208 

Jubbal 1974-2014 31.10 N 77.70 E 1927 

Kothkhai 1974-2014 31.11 N 77.53 E 1640 

Kumarsain 1971-2014 31.31 N 77.44 E 1693 

Mashobra 1981-2014 31.13 N 77.22 E 2107 

Rohru 1972-2014 31.20 N 77.75 E 1553 

Theog 1974-2014 31.12 N 77.33 E 2033 

Sirmaur 

Dhaulakuan 1987-2014 30.56 N 77.30 E 411 

Nahan 1973-2014 30.55 N 77.28 E 677 

Pachhad 1972-2014 30.56 N 77.30 E 1567 

Paonta 1988-2014 30.44 N 77.60 E 388 

Solan 

Arki 1973-2014 31.15 N 76.97 E 1090 

Kandaghat 1972-2014 30.97 N 77.10 E 1484 

Kasauli 1975-2014 30.90 N 76.96 E 1783 

Una 
Akrot 1999-2014 31.37 N 76.10 E 430 

Una 1974-2014 31.48 N 76.28 E 389 

for present investigation is given in Table 1. The data 

period vary from 11 to 40 years. The stations with long 

period and short period data have been combined as in the 

upper half of the state the rain gauge station network is 

very sparse (only 7 per cent stations). Station level daily 

(rainfall recorded in 24 hour period) rainfall data was 

segregated in to four seasons, viz., southwest monsoon, 

post monsoon, winter and summer season. The historical 

data was subjected to data quality check through 

Weathercock 15 (Rao et al., 2015) before undertaking 

analysis. The RClimDex, a program script written in R 

language developed at the Meteorological Service of 

Canada was used for working out the indices and their 

trends (Venables and Smith, 2012). Rainfall data of all the 

seasons for all the stations was also analyzed to assess the 

changes in heavy rainfall events under two categories             

viz., 75-100 mm and more than 100 mm. The significance 

of the trends was tested by trend/change detection 

software (Chiew and Siriwardena, 2005). The rainfall data 

was plotted using inverse distance weighted interpolation 

technique in geographic information system.  

 

 3. Rainfall during SWM was highest in the state 

which accounted for 69 per cent of the total annual rainfall 

followed by summer season (13 per cent) and winter 

season rains (11 per cent). The rainfall during post 

monsoon season was, however, considerably                                

small (7 per cent).  

 

 4. As a first approximation, the temporal 

distribution of rainfall can be understood from the number 

of rainy days. A rainy day is defined as a day when 

cumulative rainfall received in a period of 24 hours                       

is ≥2.5 mm. The mean annual rainfall of 1267 mm is 

received over 66 rainy days with a variability of 21 per 

cent in the state. The rainy days closely followed the total 

rain received during south west monsoon (SWM) and 

summer season. During post monsoon season, however 

lesser rainy days were observed with higher rainfall hence 

higher variability in the season. The annual variability in 

rainy days is low but amongst seasons, it is highest (72 per 

cent) during post monsoon season. This high variability 

reflects the frequency of intermittent dry spells during 

continuous wet spells. The highest (59 per cent) of total 

annual rainy days is received during the SWM season in 

the state. Percentage of rainy days is 19 for summer, 13 

for winter and 9 for post monsoon season.  

 

 5. Features of SWM rainfall: The state receives 

872 ± 305 mm rain during SWM season which contributes 

62 per cent to total annual rainfall in the state. During 

recent years (2006 to 2014), the wettest SWM season 

occurred in 2010 (888.5 mm which was 15 per cent above 

normal) and year 2014 was the driest (521.6 mm which 

was 38 per cent below normal). Dharamshala station 
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Figs. 1 (a-c). (a) Rainfall, (b) Variability and (c) Number of rainy days 

during southwest monsoon over Himachal Pradesh 
 

 
 

 

received highest rainfall (2121 mm) during SWM period. 

Lowest rainfall was noticed at Udaipur (150 mm) 

followed by Keylong (176 mm). The spatial distribution 

of rain, its variability and rainy days during SWM are 

presented in Figs. 1(a-c). 

 State as a whole is subjected to 38 per cent variable 

monsoon rainfall. It is considerably high compared to All 

India monsoon rainfall variability (11 per cent). The 

variability in the rainfall during SWM, was found to be 

highest at Salooni (83 per cent) followed by Keylong (61 

per cent) and the least at Bhoranj station (18 per cent).  

 

 On an average, SWM rainfall was spread over 39 

days with variability of 25 per cent. Dharamshala station 

recoded maximum number (66) of rainy days followed by 

Palampur (63), Jogindernagar (56) and Malan (53). These 

were observed to be the least at two stations, viz., Keylong 

(14) and Udaipur (15 days) situated in rain shadow area. 

Keylong registered highest variability in the number of 

rainy days (44 per cent) followed by Kotkhai (37 per cent) 

whereas Akrot (14 per cent) registered least variability 

followed by Berthin, Kangra, Mashobra and Palampur 15 

per cent each. 

 

 6. Features of Post monsoon rainfall: The 

contribution of rainfall during post monsoon season was 

least with on an average the state received 82 ± 73 mm 

with a variability of 92 per cent, which is more than 

double the variability of SWM monsoon. Thus amongst 

seasons, this season can be regarded as the driest with 

highly variable rainfall. The season also coincides with the 

sowing of the rabi crops in the state. During recent years, 

the highest rainfall was observed in 2014 (98.5 mm, 4 per 

cent below normal) and lowest in 2011 (17.8 mm, 84 per 

cent below normal). Salooni station receives significant 

amount of rainfall (395 mm) mainly in the form of snow. 

Nurpur station receives a fairly good (214 mm, variability 

41 per cent) amount of rainfall followed by Mandi (199 

mm, variability 175 per cent), Sundernagar (111 mm, 

variability 69 per cent) and Dharamshala (109 mm, 

variability 71 per cent). The lowest rainfall was noticed at 

Chachiot (31 mm, variability 138 per cent) and Poanta     

(49 mm, variability 139 per cent) and a relatively higher 

consistency was observed in Nurpur followed by Sangla 

station (119 mm, variability 52 per cent).  

 

 The rainy days varied from 2 days each at Bhoranj 

and Chachiot to 15 days at Salooni. Average number of 

rainy days during the season were 6 with higher variability 

72 per cent.  

 

 7. Features of winter rainfall: Rainfall during 

winter season was 143 ± 88 mm with variability 61 per 

cent which is the third wet season. In recent years, the 

winter of 2013 was the wettest (249.8 mm, above normal 

by 35 per cent) and 2009 being the driest with 97.3 mm 

rainfall, which was below normal by 39 per cent. Highest 

rainfall is received at Salooni (333 mm) and Nichar                     

(222 mm) whereas Poanta (80 mm) and Chachiot (81 mm) 

received  lowest  rainfall.  Winter  rain  is  highly  variable 
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Figs. 2 (a-c). (a) Rainfall, (b) Variability and (c) Number of rainy 

days during winter season over Himachal Pradesh 

 
 

 

both at Sangla and Udaipur (117 per cent) stations 

followed by Chachiot (106 per cent) whereas least 

variable at Dharamshala (31 per cent) and Bajaura (34 per 

cent). Winter rainfall was spread over 9 days only with 44 

per cent variability [Figs. 2 (a-c)]. 

  

 

 
Figs. 3 (a&b). (a) Stations in Himachal Pradesh showing a change in 

southwest monsoon rainfall pattern and (b) rainy days 



 

 

 

626                            MAUSAM, 69, 4 (October 2018) 

 8. Features of summer rainfall: The mean summer 

rainfall for the state is 170 ± 98 mm with variability 60 

per cent which is second most wet season. In recent years, 

the wettest summer is 2014 (244.6 mm, above normal by 

9 per cent) and driest in 2008 (100.9 mm, below normal 

by 59 per cent). At the station level, Salooni gets more 

rainfall (294 mm) than Nichar (275 mm) and Bajaura (257 

mm). The lowest rainfall is received at Poanta (67 mm) 

and Nadaun (86 mm). Due to occasional development of 

convective clouds, pre-monsoon showers are received 

during later part of the season and giving copious rains at 

least in six districts, viz., Hamirpur, Kangra, Kullu, Mandi, 

Shimla and Una. Farmers take benefit of these rains for 

preparation of land and sowing of maize and direct seeded 

rice. The summer season rainfall over the state is spread 

over 13 rainy days with 45 per cent variability.  

 
 9. Trends in seasonal rainfall and rainy days:  

During SWM rainy season, 15 out of 40 stations showed a 

significant trend. At eight (20 per cent) stations spread 

over in Mandi, Sirmaur, Solan and Shimla districts it was 

decreasing. The rest of the stations in Bilaspur, Mandi, 

Kangra and Shimla districts had increasing trend.  

 

 In case of rainy days, trends were significant at 12 

stations. Twenty five per cent (10 out of 40) stations 

spread over in Una, Chamba, Bilaspur, Mandi, Shimla and 

Kangra district showed increasing trend. Among these, 

three stations, Berthin (Bilaspur), Chachiot (Mandi) and 

Shimla (Shimla) followed the increasing rainfall trend. 

Remaining two stations situated in Shimla and Hamirpur 

districts showed decreasing trend [Figs. 3 (a&b)].  

 
 During post monsoon season, trends were significant 

at 28 per cent of the stations (11 out of 40). Six (15 per 

cent) stations showed increasing trends in three stations in 

Mandi and one each in Kangra, Bilaspur and Una districts. 

The decreasing trends are observed at remaining five 

stations spread over in Shimla district and Chamba and 

Sirmaur districts.  

 
 The number of rainy days during post monsoon 

season showed increasing trend at 9 stations (out of 40) of 

which majority of the stations (5) followed the rainfall 

pattern which was increasing. Whereas decreasing trend 

was observed at two stations, each in Chamba and Lahaul 

& Spiti districts of which Salooni station (Chamba) follow 

the rainfall pattern. 

 

 During winter season at 13 per cent (5 out of 40)                 

of the stations, trends in rainfall were significant. An 

increasing trend was observed at 3 stations, spread over                

in Mandi, Lahaul and Spiti districts [Figs. 4 (a&b)].                

Two stations in Kinnaur & Kangra districts showed deceasing 

trend.  

 
 

 

 
Figs. 4 (a&b). (a) Stations in Himachal Pradesh showing a change in 

winter season rainfall pattern and (b) rainy days  

 
 The number of rainy days during winter season 

showed increasing trend at 5 out of 9 stations out of which 

3 stations, Chachiot, Jogindernagar and Keylong  followed 
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Figs. 5 (a&b).  (a) Stations showing a change in SWM rainfall events 

in 75-100 mm and (b) 100 mm category  

 
 
the rainfall pattern which was increasing. Whereas 

decreasing trend was observed at remaining four stations, 

spread over in Hamirpur, Sirmaur, Mandi and Lahaul & 

Spiti districts. 

 
 During summer season, trends in rainfall were 

significant at 25 per cent (10 out of 40) stations out of 

which 9 stations showed decreasing trend in Una, Kullu, 

Bilaspur, Kinnaur, Solan and Shimla districts. Increasing 

trend was observed only at one station, Chachiot in Mandi 

district which also followed the increasing rainfall pattern. 

  

 Trend for the number of rainy days was significant at 

40 per cent (16 out of 40) of the stations out of which 9 

stations showed decreasing trend of which four stations 

followed the rainfall pattern. Increasing trend was 

observed at rest of the 7 stations of which Chachiot station 

followed the rainfall pattern which was increasing.  

 

 The mountainous and hilly environments are more 

vulnerable for the expected changes in climate in near 

future, (IPCC, 2001) due to their physiographic 

characteristics. The state of Himachal Pradesh being 

mountainous and hilly is therefore expected certainly to 

face these changes. This analysis indicates significant 

decreasing trend in about half a dozen stations with equal 

number of stations showing increasing trend in annual 

rainfall. The similar pattern was also observed in the south 

west monsoon. There are no trends (change) in ≥62 per 

cent stations for rainfall and ≥60 per cent stations for rainy 

days during different seasons. Indicating a mixed picture 

with regional increasing or decreasing trends.  

 

 Kumar et al. (2005) had also found an increasing 

trend in rainfall at some stations and a decreasing at other 

stations in Himachal Pradesh. On the contrary, Jaswal     

et al. (2015) observed significantly decreasing trend in 

monsoon (-3.71 mm/year) at Shimla. Trend detection of 

rainfall for the period 1901-1984 at 11 stations in 

Himachal Pradesh indicated a decreasing trend in 

monsoon rainfall at 95% confidence level (Kumar et al., 

2005). Decrease in monsoon season rainfall by 61 mm 

during last 100 years has also been reported in the state 

(Guhathakurta and Rajeevan, 2006). A slight downward 

trend in monsoon rainfall has been observed for the river 

Beas catchment by Singh and Sen Roy (2002). The 

decreasing trend of -2.85 mm/yr for the state has been 

observed by Himachal Pradesh Knowledge Cell on 

Climate Change (HPKC CC, 2015).  

 

 Trends in post monsoon season rainfall were 

observed to be increasing at more number of stations and 

most of them are located in Mandi district and the 

decreasing trends mainly in Shimla district. Dash et al. 

(2007) have also found decreasing trend in monsoon and 

an increasing trend in the pre- monsoon and post-monsoon 

rainfall for the period 1871-2002. Decrease in monsoon 
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rainfall and increase in pre-monsoon, post-monsoon and 

winter rainfall at the national scale has also been observed 

by Kumar et al. (2010). Non-significant trends at 36 

stations out of 37 for winter season were also observed by 

Jaswal et al. (2015). Although increasing significant trend 

is observed only at few stations in present study but 

similar slightly upward trend has also been observed for 

the river Beas catchment in the state by Singh and Sen 

Roy (2002). Bhan and Singh (2011) have reported 

decreasing trends in snowfall in winter months at Shimla 

during 1992-2011 however trends were non significant for 

Shimla in the present study. A deceasing trend                             

(-0.18 mm/yr) for winter season in the entire state has 

already been reported (HPKCCC, 2015). 

 

 During summer season, decreasing trends was 

observed at most of the stations; majority of them were 

located in Solan and Shimla districts. On the contrary, 

increasing trend for summer rainfall (0.31 mm/yr) for the 

period 1951-2010 for the state and for Shimla, (+1.77 

mm/year) has been reported by HPKCCC (2015) and 

Jaswal et al. (2015). Though again the data periods and 

number of stations are different in these studies. 

  

 10. Trends in receipt of heavy rainfall events: 

Trends in the heavy rainfall (75-100 mm) events were 

significant only at 3 out of 40 (8 per cent) stations during 

SWM season. Out of these 2 stations, each in Sirmaur and 

Mandi districts showed significant declining trend and one 

station, in Mandi district showed increasing trend under 

75-100 mm events [Figs. 5 (a&b)]. In case of above        

100 mm category, 7 stations were found to be significant 

out of which 4 (10 per cent) stations in Solan, Sirmaur and 

Kangra districts showed significant decreasing trend. On 

the other hand, increasing tendency was observed at 

remaining stations in Bilaspur, Kangra and Mandi 

districts. The number of rainy days with the heavy rainfall 

events are also observed to be decreasing at the six 

stations mentioned above in both the categories,           

viz., 75-100 mm and >100 mm. The results are somewhat 

similar to Jaswal et al. (2015) who have observed 

significantly decreasing trends for daily heaviest rainfall 

in at Hamirpur, Kotkhai, Nahan, Nurpur, Renuka and 

Pachhad and increasing trends in annual daily heaviest 

rainfall at Kalpa and Palampur stations.  

 

 During post monsoon and summer season, the heavy 

rainfall trends were non-significant at all the stations for 

both the categories. In winter season, decreasing trend in 

75-100 mm category was observed at only one station, 

Nurpur in Kangra district whereas it was non-significant 

at all the stations for above 100 mm category. Decrease in 

some of the extreme rainfall indices during monsoon for 

Shimla has been observed by Joshi and Rajeevan (2006). 

Trends for Shimla were however observed to be non 

significant in the present study. Though, significant trends 

could be observed at only few stations and that also were 

decreasing. Some researchers however have observed 

significant increasing trends in the frequency and intensity 

of extreme monsoon rain events in spite of considerable 

year to year variability over the past 50 years in central 

India (Goswami et al., 2006) and during summer over 

northwest India (Mall et al., 2006). Krishnamurthy et al. 

(2009) and Ghosh et al. (2009) however depicted 

significantly increasing and decreasing trends in extremes 

of rainfall over many parts of India. Rajeevan et al. (2008) 

have concluded that the frequency of extreme rainfall 

events shows significant inter-annual and inter-decadal 

variations.  

 

 In present study it was clearly found that for heavy 

rainfall events of 75-100 mm and >100 mm category no 

trend was observed in the state during different seasons at 

most (≥92 per cent and ≥82 per cent) of the stations, 

respectively. Significant increase/decrease in extreme 

rainfall events (75-100 mm and >100 mm) were observed 

only at few stations during SW Monsoon with more 

stations showing decrease in rainfall then the stations 

showing increase in rainfall. 

 

 11. Commencement of growing season, length of 

growing season, choice of cropping systems, allocation of 

resources and inputs depend significantly on the weekly 

distribution of rain. Distribution of rain on a weekly basis 

for the state and for the individual stations along with their 

statistics indicates that the considerable (≥ 20 mm / week) 

rain was received over the state during the period from 

23
rd

 Standard Meteorological Week (SMW) (4-10 June) to 

38 SMW (17- 23 September). This indicates a total 

growing period of 16 weeks (around 112 days). Only four 

weeks out of this growing period exhibit less than 50 per 

cent variability and in remaining weeks it was more than 

50 per cent even reaching to 60 per cent up to 39 SMW. 

 

 Only isolated rainfall events are noticed over the 

entire state during 40 to 20 SMW and the rains get 

momentum with the onset of pre-monsoon showers from 

21 SMW (21 -27 May) onwards and later with the onset of 

monsoon from 26 SMW (25 June-01 July). Only 7.5 per 

cent stations (3) received ≥20 mm / week rainfall by 

SMW 22, 52.5 per cent stations (21) by SMW 23 and                    

83 per cent stations (33) by SMW 24 and 93 per cent 

stations (37) by SMW 28. Out of these 37 stations, no 

station received on an average less than 20 mm per week 

rainfall with coefficient of variation 50-60 per cent in 

which the mean weekly rainfall varied between 68-83 mm 

up till SMW 33. At Keylong, Sangla & Udaipur stations, 

the wettest period with more than 20 mm precipitation 

was however limited for couple of weeks during                  

winter. The period of 6 weeks (SMW 28 to 33) with 
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rainfall >20 mm per week with coefficient of variation of 

50-60 per cent for all the 40 stations in which the mean 

weekly rainfall varied between 68 to 83 mm was found to 

be highly risk free and the safest period for successful 

transplanting and establishment of varied kind of saplings 

under rain fed conditions in the state. Increasing rainfall 

vis-a-vis rain days were observed during post monsoon 

and winter season at Chachiot and Jogindernagar in  

Mandi district. During post monsoon season stations with 

similar behavior were Akrot, Chachiot, Jogindernagar, 

Malan and Sundernagar and during winter                   

Chachiot, Jogindernagar and Keylong. Decreasing trend in 

rainfall vis-a-vis rainy days was also observed at                

Bajaura, Ghumarwin, Jubbal and Mashobra during 

summer. It is amply clear that majority of the stations in 

the state do not indicate any significant increasing or 

decreasing trend in heavy rainfall events except at very 

few stations in Mandi, Bilaspur, Solan, Sirmaur and 

Kangra districts. This type of information would give 

insights to the policy makers and farmers for focused 

attention towards soil and soil moisture conservation 

measures, as heavy rainfall events could trigger landslides, 

aggravate soil erosion and extensive crop damage in these 

five districts.  
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DOES GEOMETRY OF CROP AFFECT THERMAL 

REQUIREMENT OF MUSTARD CROP: AN 

ANALYSIS OF INDIAN MUSTARD 

 

 1. Rapeseed-mustard (Brassica spp.) is a major 

group of oilseed crops of the world being grown in 53 

countries across the six continents with India being the 

third largest cultivator and producer after Canada and 

China (DRMR, 2014). Crop yield is influenced by several 

factors like weather, soil type and its nutrient status, 

management practices and other inputs available. Out of 

these, weather is the only environmental factor which 

influences the growth in every phenophase of the crop 

cycle. Phenological development of the crop and the 

efficient conversion of biomass into economic yield 

depends on optimum sowing time and selection of 

improved cultivars. Delay in sowing causes early  

maturity resulting in drastic reduction in yield as 

compared to the timely sowing which has a longer               

growth duration that consequently provides an  

opportunity to accumulate more biomass. The primary 

focus for estimating phenology has been the approach of 

growing degree-days (Nuttonson, 1955). This concept 

assumes that there is a direct and linear relationship 

between growth of plants and temperature with every 

plant having its own threshold or base temperature               

below which the growth does not take place, which has 

been applied by scientist in past to correlate the 

phenological development of different crops to predict 

maturity days.  

 

 2. A field experiment was conducted in silty clay 

loam soil at Norman E. Borlaug Crop Research Centre 

(CRC) of the Govind Ballabh Pant University of 

Agriculture and Technology, Pantnagar, (Uttarakhand) 

during the rabi season of the year 2014-15. 

Geographically this centre is situated at 29° N latitude and 

79.3° E longitude with an elevation of 243.83 m from the 

mean sea level. This region comes under sub-humid and 

sub-tropical climate with four distinct seasons. 

Meteorological data used for the study (i.e., minimum and 

maximum temperature, bright sunshine hours) were taken 

from Agrometeorological observatory of the University 

and are depicted in Table 1. The experiment was laid out 

in Split Plot Design having three planting dates, viz., 22
nd

 

October, 1
st
 November and 11

th
 November, as main plot 

treatment and five planting geometries, viz., 30 × 10 cm,  

30 × 20 cm, 30 × 30 cm, 45 × 15 cm and 45 × 30 cm as 

sub-plot treatment with three replications. An Indian 

mustard (Brassica  juncea)  variety namely,  RGN-73  was 

selected for the experiment which is a medium maturing 

variety and takes 120-151 days to mature with an 
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