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ABSTRACT 

The study was conducted using rainfall time-series data for 42 years from 1977 to 2018.We have identified seven   large 
monsoon deficient years. Among these years, 1992, 2009, and 2015 consisted of El Niño episodes which quantify 
significant rainfall deficits 19.29, 13.6, and 17.59 % respectively from an average rainfall. With some exceptions, all El 
Niño years observed deficit rainfall. On El Niño years averaged deficit rainfall was approximately nine percent below 
than the average monsoon rainfall. The eastern region observed the large deficient monsoon years frequently than the 
central and western regions of Nepal. The central region recorded large spatial variability of average summer rainfall 
ranging from less than 200 mm/months in lesser Himalayans to more than 3,000 mm/months in mid-mountainous 
region. The western region had observed a large deficient summer monsoon anomaly 45 % in the year 1979. Similarly, 
the central region had 31 % deficient summer monsoon anomalies in 1992, and the eastern region observed 25 % 
deficient anomalies in 1982. There was a strong correlation between the Nepal Summer Monsoon Rainfall (NSMR) and 
Southern Oscillation Index (SOI). Generally, large negative/positive magnitude of SOI on the Indian and Pacific Ocean 
has link to weakening/strengthening NSMR. 
 
Keywords: Anomalies, deficit monsoon years, El Niño, Nepal 
 
 
INTRODUCTION 
The Asian monsoon circulation system of the annual 
cycle has been divided into two different wet and dry 
phases, which undergo a periodic and high amplitude 
variation on intra-seasonal, annual and inter-annual 
timescales (Webster et al., 1998). The active and break 
period of the monsoon is characterized by precipitation 
maxima and minima over South-Asia (Ramanadham et al., 
1973). The atmosphere is highly complex, and it cannot 
be expected that the Southern Oscillation could account 
for most of the monsoon variability (Bhalme and Jadhav, 
1984). Although large positive/negative value of SOI 
signifying strengthening/weakening of the Walker 
circulation coincides with a large excess/deficient 
monsoon rainfall in India (Rasmusson and Carpenter, 
1983; Bhalme and Jadhav, 1984). Generally, there is a 
good correlation between a large negative/positive value 
of SOI and droughts/floods in India, however, there are 
some exceptions unexplained by the SOI (Mooley and 
Parthasarathy, 1983; Bhalme and Jadhav, 1984). The 
Southern Oscillation has an irregular period, ranging from 
2 to 6 years, usually averaging between 2 and 3 years 
(Wright, 1975; Trenberth, 1976; Fredriksen et al., 2020). 
During the El Niño year in India there is a strong 
tendency for a below-normal Indian monsoon rainfall 
over most parts of India (Sikka, 1980; Varikoden et al., 
2015; Bhalme and Jadhav, 1984). Similarly, during the El 
Niño/La Nina phenomena there is a good correlation 
between a large negative/positive value of SOI and 

droughts/floods in Nepal (Shrestha et al., 2000; Sigdel and 
Ikeda, 2012). El Niño Southern Oscillation (ENSO) 
develops the weaker monsoon rainfall in South Asian 
countries Nepal, India, Bangladesh, and Sri Lanka 
described in detail by the researchers (Shrestha et al., 
2000; Varikoden et al., 2015; Chowdhury, 2003; Silva and 
Hornberger, 2019). The effect of ENSO and Indian 
Ocean Dipole (IOD) events on the rainfall variability is 
still undefined and unclear (Muangsong et al., 2014; 
Cherchi and Navar, 2013).The influence of SOI on 
monsoon rainfall over Myanmar was significant than the 
linkage with IOD (Sien et al., 2015). Similarly, the 
influence of SOI on monsoon rainfall over Nepal was 
more significant than the effect of IOD (Sigdel and Ikeda, 
2012). Shrestha, (2000) identified that there is a strong 
correlation between SOI and summer rainfall over Nepal. 
Strong El Niño episodes develop to weaker monsoons 
and droughts in South Asian region (Fan et al., 2017). El 
Niño characterized by warming of surface temperatures 
in the Pacific Ocean, is associated with lower than normal 
monsoon rainfall in the South Asian region (Varikoden 
and Babu, 2015; Wang et al., 2020). 
 
The record of the annual cycle of the monsoon system 
shows that most of the rainfall occur from June to 
September as the southwest Indian monsoon enters 
Nepal. Southeasterly circulation brings abundant rainfall 
(moisture) from the Bay of Bengal and occasionally from 
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the Arabian Sea (Bohlinger et al., 2017). The winter season 
is dominated by westerly circulation originating from the 
Mediterranean Sea and Siberia (Kanskar et al., 2004). The 
influence of these two circulation systems is 
heterogeneously distributed over Nepal; summer rainfall 
greater in the central and eastern regions cause 
southeasterly and westerly derived winter rainfall most 
significant in the western region of Nepal (Kanskar et al., 
2004). Moreover, Wang et al. (2013) studied the drought 
over the western region of Nepal to investigate the winter 
deficit rainfall. Rainfall is the only primary source of both 
surface and groundwater in Nepal. It is essential to 
understand large-scale atmospheric circulation system 
connections to monsoonal variability over Nepal from a 
socioeconomic aspect, such as drought risk, flood 
damage, effect on hydropower generation, and crop 
production practices. 
 
Many studies had concentrated on rainfall variability in 
Nepal, (Kanskar et al., 2004; Ichiyanagi et al., 2007; 
Salerno et al., 2015; Karki et al., 2017; Shrestha et al., 2019; 
Sigdel and Ma, 2017; Pokharel et al., 2020). However, few 
authors have researched monsoon rainfall connecting 
with large-scale atmospheric circulation (Shrestha et al., 
2000; Sigdel and Ikeda, 2012; Sharma et al., 2020).  
Shrestha et al. (2000) identified that strong El Niño 
episodes develop to weaker monsoons and deficit rainfall 
in Nepal. Sigdel and Ikeda, (2012) concluded main large-
scale pattern influential on the monsoon rainfall 
variability was explained by ENSO as a significant 
correlation with SOI. Sharma et al. (2020) identified the 
year-to-year dominant variability of summer rainfall in 
Nepal which corresponds with ENSO. However, there is 
still a gap in identifying the large deficient monsoon years 
and its spatial variability relating with SOI across the 
country.  
 
The main objective of this research is to investigate the 
large monsoon deficient years associated with El Niño 
and normal years during the last 42 years (1977-2018). 
Similarly, this research focused on rainfall variability in 
the western, central, and eastern regions during the 
monsoon period.  
 
MATERIALS AND METHODS 
Study Area 
Nepal is a landlocked mountainous country situated in 
the central Himalayas of South Asian territory. The 
northern side is situated in Highland Tibet of China, and 
the remaining sides surround India. It extends from 80° 
04' to 88° 12' E in longitude and 26° 22'to 30° 27' N in 
latitude (Sigdel and Ikeda, 2010). The country extends 885 
km from east to west, varies from 130 km to 260 km in 
the North to the south (Karki et al., 2017), and covers 
147516 sq. km (Shrestha et al., 2020).The complex 
topography of Nepal ranges from the low land of Terai 

60 meters in south to Mount Everest 8848.86 m above 
sea level in the Himalayan region towards the North. The 
climate of Nepal is sub-tropical, with most of the rainfall 
concentrated in the monsoon season (Karki et al., 2015). 
We have further classified the country into the western, 
central, and eastern regions to identify the differences of 
the spatial variations of NSMR. 
 
Data and Methods 
Data (Methods of Data Collection)  
The daily rainfall data of 107 weather stations acquired 
from the Department of Hydrology and Meteorology, 
Government of Nepal. Monthly total rainfall values were 
obtained by summing up daily rainfall data. Similarly, the 
annual total rainfall data were calculated by adding 
monthly total rainfall data from January to December, 
and for summer monsoon (June–September), total annual 
rainfall at each station was computed after completing the 
missing data. The distribution of the meteorological 
stations is shown in Fig.1. Available observed rainfall data 
covering the year between 1977 to 2018. Time range was 
determined by evaluating the records of the stations as 
possible as more stations. Annual, seasonal, and monthly 
means were calculated for all stations using the arithmetic 
mean method. The annual mean is averaged over January-
December. After data collection and study of climate 
datasets, stations were selected based on less than 10 % 
missing records, and most of the stations (95 %) were 
lower than 3 % of the total  number of annual values. 
Some high-altitude stations are used for spatial coverage 
having 30 years’ time series with 5-10 % missing values. 
We have adopted the Normal ratio method to estimate 
missing rainfall values of climate datasets from nearby 
three weather stations (Myrondis, D & Nikolaos, T., 
2021, Bagale et al., 2021). Monsoon rainfall was 
interpolated and visualized by using inverse distance 
weighted (IDW) technique (Patel et al., 2007). 
 
The SOI is one measure of the large-scale fluctuations in 
air pressure observed between the western and eastern 
tropical Pacific during El Niño and La Niña episodes 
(Yan et al., 2011).The negative phase of the SOI 
represents below-normal air pressure at Tahiti and above-
normal air pressure at Darwin. Monthly Southern 
Oscillation Index (SOI) data and Ocean Nino Index 
(ONI) monthly sea surface temperature (SST) anomaly 
over the Nino-3.4 regions were acquired from the 
National Weather Service Climate Prediction Centre of 
National Oceanic and Atmospheric Administration 
(NOAA) available on 
https://origin.cpc.ncep.noaa.gov/products/precip/CWli
nk/MJO/enso.shtml, accessed 5 January 2020 for the 
time 1977 to 2018. The ONI defined by three months 
running mean SST anomalies in the Nino-3.4 regions, 
which is also known as the Nino-3.4 index. 
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Figure 1. Location map of the study area along with rainfall stations used in this study; pink, red and yellow color 
respectively represents the stations for the western, central, and eastern regions between 1977 and 2018. 

 
 
Methodology for Identification Departure of Deficit 
and Excess Years  
Bhalme and Jadhav (1984) and Varikoden et al. (2015) 
used the ±10 % departure from long-term mean to excess 
/deficit Indian Summer Monsoon Rainfall climatology 

was identified as severe flood/drought years in India. 
Flood/Drought document in Nepal using anomalies is 
limited; it is new; this study used ± 10 % departure from 
long term mean monsoonal rainfall to identify the severe 
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extreme events. Percent Departure Nepal Summer 
Monsoon Rainfall (PDNSMRi) is easily calculated. 
 

𝑃𝐷𝑁𝑆𝑀𝑅𝑖 =
𝑅𝑖 − �̅�

�̅�
∗ 100 % 

 

Where Ri and  R̅ denote all Nepal summer monsoon 
rainfall and means all Nepal monsoon rainfall for 42 years 
datasets, the Percent Departure Summer Monsoon 
Rainfall of each 107 stations was calculated the same. 
 
The Student’s t test is used to check statistically 
significant test for monsoon rainfall anomalies. 
Furthermore, Gumus and Algin, (2017) defined stations 
proportion is the number of stations relative to the total 
number of stations used. 
 
The El Niño years were identified based on the three-
month running average SST anomalies over the Nino-3.4 
regions. We considered a year as El Niño when the value 
of Nino 3.4 SST anomaly is greater than 0.5 degree 
Celsius and a year as La Niña when the value of Nino 3.4 
SST anomaly is lower than 0.5 degree Celsius in any five 
consecutive overlapping months. The detail information 
of El Niño episodes was obtained from NOAA (Website) 
URL, https:/origin.cpc.ncep.noaa.gov/products/precip/ 
CWlink/MJO/enso.shtml.  
 
RESULTS  
Rainfall Statistics 
The monthly rainfall statics of 1977 to 2018 revealed that 
the precipitation strongly increased from May (7 %), with 
the highest in July (27 %) due to the influence of summer 
monsoon while the lowest recorded in November (Fig. 
2a) below 1 %. Approximately 50 % of the annual rainfall 
was recorded during July and August in two months, and 
80 % of the annual rainfall occurs, during the monsoon 
season, followed by the pre-monsoon 13 %, post-
monsoon 4 %, and winters 3 %. Monsoon rainfall 
variability with respective year to year varied from 74 % 
in 1992 to 86 % in 1984 (Fig. 2b). 
 
Table 1. Regional rainfall (mm) statistics 

Region Western Central Eastern 

Winter 91.40 61.46 40.28 
Pre-
monsoon 171.41 229.42 281.94 
Monsoon 1239.36 1515.31 1491.19 
Post-
monsoon 51.50 74.92 98.12 
Annual 1553.68 1881.11 1911.53 

 
Summer rainfall observed greater in the central region 
with comparisons to the eastern and western regions of 
Nepal. However, the western region observed low annual 
rainfall but high amount of Westerly derived winter 
rainfall in winter season than other regions of Nepal 

(Table 1). Pre- and post-monsoon rainfall increases from 
the western to eastern Nepal. Though, the annual rainfall 
decreases from eastern to western Nepal. 
 
Monsoon Rainfall 
During the 42 years the mean monsoon rainfall is 1,433.2 
mm/month. Monsoon rainfall widely varies over 
different parts of the country with lowest over Northwest 
part (< 200 mm) and highest over central mid-
mountainous part (> 3000 mm) of the country followed 
by Northeast part. The spatial variations of monsoon 
rainfall have clearly observed the dry areas as well as wet 
areas in different regions over the country in the isohyetal 
map. Low rainfall observed in Mustang region lies on 
lesser Himalayans and high in Lumle region lies on the 
mountainous region of central Nepal (Fig. 3). 
 
Generally, the amount of mean monsoon rainfall 
observed decreases from the east to west region. 
However, in the central region of Nepal there are certain 
pockets with heavy monsoon rainfall totals. 
 
Temporal Variability of Monsoon Anomaly in Nepal 
We have used an average rainfall of 107 stations for the 
monsoon anomaly (Fig. 3). Excess/deficit years were 
identified based on the percent departure of NSMR 
(anomalies). Anomalies are prepared based on 
climatology for the period 1977–2018. A season is 
defined as a large excess (flood)/ large deficient (drought) 
season when the departure percent is ±10 % from the 
mean NSMR. From this statistical analysis the seven 
flood/drought years were 1984, 1996, 1998, 1999, 2000, 
2003, 2007 and 1977, 1979, 1992, 2005, 2006, 2009, 2015 
respectively. The rainfall anomalies observed below the 
mean is 19 seasons and above is 23 seasons. 
 
The deficit fluctuation of rainfall anomalies was about 
19.29 % in 1992 and followed 2015 at about 17.59 %. 
Similarly, the excess fluctuation of rainfall anomalies was 
19.21 % in 1998 and followed 2007 at about 14.79 % 
(Fig. 4). Furthermore, the deficit and excess monsoon 
anomalies and rainfall are clearly depicted in Table S1. 
 
Regional Temporal Variations of Monsoon Rainfall 
We used average rainfall of 28 stations for the western 
region, 47 stations for the central region and 32 stations 
for the eastern region to show the temporal variability of 
rainfall in respective regions as depicted in Fig. 5a. The 
regional rainfall shows that the eastern and central regions 
of Nepal observed more rainfall than the western region. 
 
During the study periods, 25 seasons of high rainfall were 
observed in the central region compared with the eastern 
region, and 17 seasons observed more rainfall in eastern 
Nepal. However, in recent years the rainfall has been 
decreasing in the eastern region compared to the central 
region. In all 42 years, the western region of Nepal 
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observed low rainfall than the central and eastern regions 
of Nepal except in 2013. The rainfall record (Fig. 5a) 
shows the decreasing and increasing rainfall 
characteristics in the western, central, and eastern regions. 
The average monsoon rainfall totals in the central region 
of Nepal observed more than eastern and western regions 
(Table 1). 
 
The variability of an anomaly of the western, central, and 
eastern regions is in different characteristics each year. 

For example, the large deficient monsoon (drought) year 
percent departure of rainfall in the western region was 
about -45 % in 1979. Similarly, in the central region, the 
large deficient monsoon year percent departure of 
monsoon rainfall was 31.37 % in 1992, and in the eastern 
region about 25.27 % percent departure monsoon rainfall 
was in 1982. The decreases of anomalies (percent 
departure monsoon rainfall) in these regions on deficit 
rainfall years are shown in Fig. 5b. 
 

 
 
 

 
 
Figure 2. Variability of (a) Monthly rainfall statistics averaged from 1977 to 2018 and Pie chart shows the seasonal amount 
of rainfall (%). (b) annual monsoon rainfall variability and percent monsoon rainfall for the period 1977-2018 
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Figure 3. Spatial distributions of mean Monsoon rainfall over Nepal from 1977 to 2018 

 
 
 

 
Figure 4. Temporal Variability of Monsoon Anomalies from 1977 to 2018 

 
 
 



D. Bagale, M. Sigdel, D. Aryal 

17 

 

 
Figure 5a. Temporal Variability of Regional Monsoon Rainfall from 1977 to 2018 

 
 
 

 
Figure 5b. Temporal Variability of Regional Monsoon Anomalies from 1977 to 2018 

 
 
The western, central, and eastern regions of Nepal 
recorded ten, seven, and thirteen seasons of large 
deficient monsoon (drought) years respectively. The 
regional deficient monsoon years and its rank are shown 
in Table 2. Moreover, the western region of Nepal 
recorded seven seasons of large excess monsoon (flood) 
years in recent 42 years. The flood years were 2000, 1998, 
2007, 1984, 2003, 2013, and 1988. Similarly, the central 
region recorded nine seasons of large excess monsoon 
(flood) years. The flood years are 2003, 1998, 2007, 1984, 
1989, 2000, 1995, 2001, and 2010. While in the eastern 
region recorded 7 seasons as large excess monsoon 
(flood) years. The flood years are 1984, 1987, 1998, 2007, 

1996, 1989, and 1999. Comparing the results region-wise, 
the eastern region of Nepal faced more dry conditions 
frequently than the central and western regions of Nepal 
are shown in Table 2.  
 
Relative Frequency of Monsoon Rainfall in Large 
Deficient Monsoon Episodes  
This study quantifies the seven large deficient monsoon 
year’s stations proportion expressed in percent which are 
depicted in table 3 and we also present large deficient 
year’s deficit rainfall in each drought episodes from long 
term average. Spatial extents of the variability of rainfall 
are interpolated over Nepal in Fig. 6 (a-g). 
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Table 2. Regional Large Deficit Percent Departure Monsoon Rainfall in Nepal from 1977 to 2018 

Rank Eastern Western Central 

year 

Monsoon 
Rainfall 
mm 

Percent 
departure year 

Monsoon 
Rainfall 
mm 

Percent 
departure year 

Monsoon 
Rainfall 
mm 

Percent 
departure 

1 1982 1186.70 -25.3 1979 845.37 -45.1 1992 1170.61 -31.4 
2 2012 1191.80 -24.7 2015 947.73 -29.4 2015 1212.20 -26.9 
3 1992 1203.68 -23.5 2004 987.13 -24.3 2005 1292.27 -19.0 
4 1977 1236.39 -20.2 1977 992.66 -23.6 1977 1293.97 -18.8 
5 2006 1268.35 -17.2 2006 1006.98 -21.8 2006 1299.30 -18.4 
6 2009 1273.35 -16.7 1987 1031.64 -18.9 2009 1347.04 -14.2 
7 2005 1282.04 -16.0 2005 1071.61 -14.5 1979 1373.19 -12.0 
8 2014 1288.21 -15.4 2002 1080.41 -13.5 1991 1380.82 -11.4 
9 2015 1302.82 -14.1 1992 1087.77 -12.8    
10 1986 1309.75 -13.5 1991 1098.22 -11.7    
11 1994 1311.76 -13.3       
12 2018 1331.78 -11.6       
13 2013 1339.59 -11.0       

 
 
Table 3. Large deficient monsoon rainfall statistics based on stations proportion expressed in percent in different years 

Rank Year   <Average monsoon 
rainfall 
mm 

<10% 
monsoon rainfall 
mm 

Deficit rainfall  below from  long term 
average (mm) 

1 1992 73 66 276.26 
2 2015 72 63 251.86 
3 1977 72 48 247.72 
4 2006 70 65 228.59 
5 2005 68 55 221.26 
6 2009 66 56 194.37 
7 1979 62 51 166.35 

 
 
Large deficient summer monsoon was in 1992. In this 
episode 66 % stations observed below 10 % monsoon 
rainfall anomalies and more than 73 % stations are 
observed below from mean monsoon rainfall. Large 
deficit monsoon years ranking from first to seventh is 
tabulated in Table 3 with rainfall statistics. 
 
Spatial Distribution of Monsoon Rainfall Variability 
on Large Monsoon Deficit Years  
Nepal is a mountainous country with complex 
topography; Nepal faces the leeward side with low rainfall 
in the Northern part of Nepal. This area of Nepal is 
semiarid; low monsoon rainfall areas are Mustang, Dunai 
and Manang located in the lesser Himalayans regions. 
These locations recorded < 200 mm in the monsoon 
season. The spatial distribution of rainfall across Nepal 
indicates high rainfall or pocket rainfall areas surrounding 
Lumle, Num, Pokhara, and Gumthan. Lumle and 
Pokhara lie in the central region of Nepal on High and 
Mid Mountainous near the Annapurna region. Num and 
Gumthang lie on the eastern part of high mountain 
regions record more than 3000 mm/months in the 
monsoon season. The interpolated Fig. 6(a-g) indicates 

the pockets rainfall areas as well as dry areas in the seven 
large deficient monsoon cases.  
 
In the recent four decades, we observed and analyzed the 
western, central, and eastern regions rainfall statistics. The 
large monsoon rainfall deficit recorded in 1979 on 
western region which was 45.09 % from the mean rainfall 
of the western region. Similarly, the central region and 
eastern region have recorded large monsoon rainfall 
deficient in year 1992.  In this year, central and eastern 
regions have measured rainfall anomalies decreases 37.37 
% and 23.50 % respectively. In the monsoon drought 
years 1979, 2015, 1977, and 2006 the western region of 
Nepal was more affected by large rainfall deficit in 
comparisons to the central and eastern regions [Fig. 6 (b, 
c, e and g)]. In these years the mountainous region of the 
central and western region recorded low rainfall. In the 
particular year 1979, the eastern region recorded excess 
rainfall, but the western region recorded a large deficit 
rainfall during the recent 42 years. While in the central 
region, rainfall anomaly decreases by 11.99 %, but the 
eastern region increases rainfall anomaly by 2.92 %. 
Similarly, in the year 1992 the central region was more 
affected by a large deficit monsoon rainfall in comparison 
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to eastern and western regions followed by the year 2005. 
In the year 1992, the central region witnessed a decrease 
in larger rainfall anomalies than the eastern and western 

regions (Table 2). But in 2009 the eastern region was 
more affected by deficit rainfall than any regions of Nepal 
(Fig. 6f). 

 

 
 
Figure 6. Spatial distributions of (a) monsoon rainfall 1977, (b) monsoon rainfall 1979, (c) monsoon rainfall 1992, (d) 
monsoon rainfall 2005, (e) monsoon rainfall 2006, (f) monsoon rainfall 2009, and (g) monsoon rainfall 2015 
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Figure 7. Spatial distributions of composite large deficit monsoon years 

 
 
Composite of Large Deficit Years 
We have analyzed the composite episodes for extreme 
years over Nepal; consisting of summer large deficient 
monsoon (drought) years are 1977, 1979, 1992, 2005, 
2006, 2009, and 2015. The mean anomaly sets of 5 
composite large deficit episodes were less than 15 %. 
Therefore, the composite of the 5 large deficit episodes is 
averaged.  
 
The spatial distributions of the mean monsoonal of 
composite large deficit years are shown in Fig. 7. The 
central part of Nepal recorded more rainfall which 
belongs to the high and mid mountains near the 
Annapurna region. The rainfall pockets area of Nepal 
recorded > 3000 mm rainfall during the drought years in 
Lumle, Pokhara, Num, and Gumthang which lie on the 
mountain regions of central and eastern parts of Nepal. 
On the other hand, the central and western parts of high 
lands are facing a rainfall deficit. The deficit areas are in 
Mustang, Manang, Dunai, and Jumla station recorded low 
precipitation than mean monsoonal rainfall in composite 
large deficit years.  
 
Relation between NSMR and SOI  
This study used the SOI index, which measures a large-
scale fluctuation in sea level pressure between La Nina 
and El Niño episodes. Comparison between all Nepal 

summer monsoon series and SOI shows (Fig. 8) the 
substantial correlation between SOI and NSMR records.  
 
Deficit period with SOI (-), excess period with SOI (+); 
the NSMR and SOI are 31 (about 74 %) times the phase 
relation (positive/negative SOI, positive/Negative NSMR 
(Fig. 8). In 31 times phase relation 14 (about 45.16 %) 
times deficit and 17(about 54.84 %) times excess summer 
rainfall in Nepal. The correlation coefficient between 
NSMR and SOI is 0.52 from 1977 to 2018 at a 95 % 
confidence level. During the study periods, the average 
deficit monsoon rainfall is 8.72 percent in the low phase 
of SOI (< -0.5), while the average excess is 7.12 percent 
in the high phase of SOI (> 0.5). From the above-
mentioned phase relation between NSMR and SOI 
analysis, the all-Nepal monsoon record series is highly 
influenced by the SOI. Such a similar pattern is noticed in 
NSMR in large deficit (drought) years. However, during 
the drought/flood period SOI and the NSMR are strong 
(-/+) more than the normal years. The 
strength/weakness of the monsoon system was identified 
as La Nina/El Niño years for high NSMR variability. The 
El Niño years are 1982, 1983, 1987, 1991, 1992, 1997, 
1998, 2002, 2004, 2009, 2015, 2016 and La Nina years are 
1985, 1988, 1989, 1995, 1998, 1999, 2000, 2007, 2008, 
2010, 2011, 2015) during study periods extracted from  
https://origin.cpc.ncep.noaa.gov/products/precip/CWli
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nk/MJO/enso.shtml.The years 1998 and 2016 marked 
both El Niño and La Nina episodes. However, monsoon 
seasons of Nepal dominated by excess rainfall in these 
years. Our findings show that Nepal's large deficit 
monsoon (drought) years associated with El Niño and 
normal both are extreme dry years. All El Niño years 
were the deficit, but in year 1987(El Niño) there was 

excess monsoon rainfall observed in Nepal (Fig. 2b). It is 
a need to further investigation for the justification causes. 
Moreover, this study quantifies the El Nino year’s rainfall 
with their decreasing percent rainfall anomalies and deficit 
rainfall below average monsoon rainfall between 1977 
and 2018 in (Table S1 and Table 4). 

 

 
Figure 8. Relationship between Percentage Departure of NSMR and SOI 

 
 
Table 4. The rainfall variability observed in the large deficit monsoon rainfall years by El Niño events 

  

Years 1982 1983 1991 1992 1997 2002 2004 2009 2015 

Deficit rainfall 
(mm) 

134.12 35.83 61.97 276.43 44.27 53.22 70.55 194.53 252.03 

 
 
 
In 1992, summer episodes collected 1156.74 mm/months 
rainfall below 252.03 mm/months than the long-term 
average. Other large deficient monsoon events rainfall 
deficits are tabulated in table 4. On El Niño episodes 
averaged deficit rainfall observed approximately nine 
percent below from an average monsoon rainfall (1977 to 
2018). 
 
During the study period, this study observed seven 
drought years in Nepal only three years associated with El 
Niño years, and four drought years are in normal years. 
The first and second extreme drought in 1992 and 2015 
were associated with El Niño years, and the third drought 
in 1977 occurred in normal year. 
 

DISCUSSION 
Approximately 80 % of the annual rainfall is received 
during the monsoon season (Kanskar et al., 2004; Sigdel 
and ikeda, 2012; Karki et al., 2017). This study also 
identified that contributions of monsoon rainfall was 74 
% in year 1992 and 86 % in year 1984. The similar results 
presented by Shrestha et al. (2000) identified the year 1992 
was the driest during the periods (1948-1994) using 75 
stations over Nepal. In that particular year, whole Nepal 
recorded below normal rainfall which coincided with an 
El Nino event.  
 
Present study shows that large monsoon deficient 
episodes are extreme in El Niño and normal years. Out of 
seven large deficient monsoons (drought) years, only 
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three drought years associated with El Niño years (1992, 
2009, and 2015) and four drought years (1977, 1979, 
2005, and 2006) are recorded in normal years. The year 
1977 is a large deficient monsoon year observed on 
normal year. So, Nepal observed a large deficient 
monsoon (drought) year on El Niño and normal year. 
The findings of monsoon seasons large deficit events 
from this study are also similar with other studies such as 
Sharma et al., 2020. Furthermore, A similar result 
presented by Balme and Jadhav, (1984), in India where 
drought is recorded in both El Niño year and normal 
year; however, there have been deficient monsoons over 
India apart from the mentioned El Niño episodes 
(Varikoden et al., 2015). 
 
During the seven large monsoons deficient years’ western 
regions of Nepal recorded comparatively low rainfall than 
eastern and central regions. In the year 1979, 1992, and 
2015 the central region recorded low monsoon rainfall 
than the eastern region, and in the year 1977, 2005, 2006, 
2009, the eastern region records low monsoon rainfall 
(Fig. 5a). The large monsoon deficient years have 
resembled Shrestha et al. (2000) and Shrestha (2000). 
Furthermore, in the recent decades some researchers 
(Wang et al., 2019; Varikoedal et al., 2015; Kumar et al., 
2013) identified the inter-decadal weakening of the South 
Asian Summer Monsoon frequently after 2000 both on El 
Nino and Normal years over the South Asian countries. 
Those studies support the findings of drought events 
frequently as reported in the present study. 
The previous researchers’ (Sigdel and Ikeda, 2012; 
Shrestha, 2000) findings supports the present results that 
there a strong correlation between SOI and monsoon 
rainfall. In this study the correlation coefficient between 
NSMR and SOI is 0.52 at a 95% confidence level. Similar 
results were presented by Chudhary et al. (2003) in 
Bangladesh; Sien et al. (2015) in Myanmar and Varikoedal 
et al. (2015) in India. 
 
CONCLUSIONS 
The study provided concise knowledge about the 
temporal (all-Nepal as well as regional) and spatial 
variability of monsoon seasons using a rainfall anomaly 
over Nepal during the past four decades (1977- 2018). 
There were seven large deficit monsoon years 1977, 1979, 
1992, 2005, 2006, 2009, and 2015 with deficit percent of 
rainfall 17.30, 11.62, 19.29, 15.45, 15.96, 13.57 and 17.59 
respectively from long term average on corresponding 
monsoon episodes. The eastern region frequently showed 
the monsoon dry signals compared with the central and 
western regions. Moreover, whole Nepal indicates that 
after the year 2000 large deficit rainfall events evolved 
frequently. The average deficit monsoon rainfall is 8.72 
percent in the low phase of SOI (< - 0.5). The correlation 
coefficient between SOI and NSMR is strong on large 
deficit monsoon years than normal years, the correlation 
coefficient between NSMR and SOI is 0.52. Present study 

showed that large deficient years are observed both in El 
Niño and normal years. Out of seven drought years, only 
three years associated with El Niño years. With some 
exceptions, all El Niño years measured deficit rainfall. 
Deficit rainfall during the El Niño years observed 
approximately nine percent below the average monsoon 
rainfall. 
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