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Abstract: Monsoon patterns have been changing noticeably in recent years around the globe. These changes
have tremendous effects on agriculture systems especially in the areas where rainfall is the precondition of
agriculture. This paper will investigate monsoon patterns in Nepal and how they correlate with recorded rice
yields. The results were analyzed and cross-checked with AquaCrop, a crop water productivity model.

The findings indicate that the Nepal’s monsoon patterns do not follow a definitive trend. Parameters such as
onset and withdrawal dates, duration and distribution are quite unpredictable. The patterns, however, do have
direct impact on national average rice yields, but that effect has turned less sensitive in recent years.

The findings suggest that though monsoon has vital role on rice production in Nepal, where agriculture systems
depend primarily on rainfall, more research is required to predict more accurately and precisely the production
functions and relationships to yield. The better we understand this relationship, the more we can compensate
for adverse monsoon patterns through anticipatory deployment of ag-technologies and advanced management

options. Furthermore, support from legislators will be required to move these ideas into practice.
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Introduction

he impact of climate change is immense in an

agrarian country like Nepal. The temporal and
spatial variation of climatic factors predominate
agricultural productivity. Several irrigation systems
in this country have been built to irrigate rice fields by
utilizing the monsoon runoff because annual rainfall
has become more and more unpredictable. Rice is
the staple food for approximately 3.5 billion poor
people around the world and accounts for one-fifth of
the global calorie supply (Tripathi et al, 2012). More
than 90% of production and consumption of rice is
in Asia (Basnet, 2012). Rice is the leading cereal crop
of Nepal in terms of production (4.46 million tons)
and cultivation area (1.496 million hectares) (MOAC,
209). Rice production and sales provide 23% of the
country’s agricultural gross domestic product (GDP)
and employs 65.6% of the population (MOAC, 2009),
and rice provides 50% of the total calories requirement
of the Nepalese people (MOAC, 2009) However,
Nepalese rice productivity, about 3 tons per hectare, is
very low compared with other rice-producing countries
worldwide, and lower than most other South Asian
countries (IRRI 2006). Rain-fed crops are crucial to
feeding the growing global population. About 60% of
global food comes from rain fed crops (Schultz et al.,
2005). In Nepal, roughly two-thirds of the country’s
agricultural production requires rain fall, and if year
round irrigation were possible, production would
increase only by 50%, according to some estimates
(WRS, 2002). As reported by the Nepal Agricultural
Research Council (NARC) in 2007, more than 70% rice
is grown under rain fed conditions, 9% in the uplands,
and 21% under partially- or fully-irrigated conditions.

Therefore, climate is a primary determinant of
agricultural productivity, especially in the case of
developing countries like Nepal where agriculture is
basically dependent on natural circumstances against
the controlled environmental conditions in developed
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countries (Joshi et al. 2011). Monsoon is one of the
prime factors governing the production of major crops
in the country. Variability in the onset of the rainy
season has led to variations in the start of the planting
season of rain fed rice (Dahal, 2009). Monsoon rain
affects rice yield in at least two ways: 1) The total
amount and temporal variation of the monsoon rain
affects soil moisture. 2) The date of monsoon onset
affects the transplantation age of seedlings. Thus,
erratic monsoon could hit the rain fed crops hard in
terms of the yield. As weather patterns change, the
economy of farmers, which depends on traditional
subsistence-based agriculture, would become more
vulnerable and difficult (Dahal, 2009).

Before the start of monsoon season each year, the
topic of onset becomes a popular issue throughout
Nepal. This event is important not only to farmers
but also the agriculturists, economists, businessmen,
and planners who have a great stake in matters of
productivity. Monsoon onset draws attention because
this event is critical to transplanting rice, the first crop
of the country. If one were to observe only the media
coverage of monsoon onset, it would appear that early
monsoon is a cure-all for rice production. Here are a
few headline examples:

« Late monsoon brings fear of food shortage in Nepal
(AFP News, 2009)
« The monsoon arrives but too late (DFID, 2009)

«  Emerging trend of change in rainfall patterns and
its impact on traditional farming systems (Climate
frontlines, 2009)

» Too little too late (Nepali Times, 2009)

« Late monsoon, fertilizer crunch to hit rice
production (The Himalayan times, 2012)

» UN food agency: Poor monsoon likely to hit Nepal’s
paddy output (The Kathmandu Post, 2012a)
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« Drop in paddy yield to hit Nepal>s GDP growth
(The Kathmandu Post, 2012b)

» Nepal to face rice deficit of 9ook tones this year
(The Kathmandu Post , 2013)

«  Monsoon and agriculture production in FY2013 in
Nepal (Sapkota, 2013)

Our paper will provide insight on monsoon
occurrence trends in Nepal and trace out the
corresponding rice yield implications. In this process,
we will test the hypothesis that early monsoon onset
corresponds with higher rice yields.

Materials and Methods

We collected data on monsoon onset and withdrawal
from the Department of Hydrology and Meteorology
(DHM) of the Government of Nepal (GoN). Rice
yield data was from Ministry of Agricultural (MoA)
publications in 2012. In our study we compare the
national average rice yields compared with simulated
yields obtained through AquaCrop, a crop water
productivity model developed by the FAO. AquaCrop
uses input data sets on climate, crop, irrigation field
management, and ground water table. Simulation was
carried out for the years 2000-2009, keeping constant
the crop, irrigation, field management and ground
water table data and using actual recorded climatic
data for that particular year. The climate data sets
include rainfall, temperature, evaporations, and CO2.
Among these, daily rainfall and temperature data were

located in the Chitwan district of Nepal. This location
was adopted because of data availability for that area
and because the area had been previously validated for
rice by the author (Rijal, 2012).

AquaCrop models were run for the years 2000 to
2009 keeping all the input data constant except the
climatic data of temperature and rainfall. Among
these two variables, temperature data didn’t vary
considerably over the period of analysis. In contrast,
the monsoon rain events were found to be quite diverse
from year to year.

Result and discussions
Monsoon trend

While monsoon onset is typically presumed as
June 10 in Nepal, the past 45 years (1968-2012) show
that more than 66% of onset have occurred past that
date with a median onset date of June 13 (Figure 1).
However, the trend of onset date is shifting earlier in
recent years. Statistical analysis with data of 45 years
showed that the mean monsoon duration is 103 days in
that time period with a minimum duration of 72 days
(1979) and maximum duration of 129 days (2008).

Monsoon  occurrence events  with  their
corresponding onset and withdrawal dates of the
last 23 years (1990- 2012) are depicted in figure 2.
This shows that the monsoon duration, onset, and
withdrawal are random and do not appear to follow
any definite trend.

obtained from DHM. Evapotranspiration
data was obtained from the database of
LocClim software developed by FAO, which
gives the average evapotranspiration over
period of years for a particular location.
CO2 data was adopted from the default data
provided by AquaCrop.
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For the simulation, we used a rain fed

rice variety called Radha-7. It is widely used
in Nepal and has a maturity period of 148
days. We assumed a plant density of 25,000
per hectare.
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is celebrated as rice transplanting day in
Nepal, we used that one month earlier
(May 29) for the sowing of seeds (assuming
30 day old slips are transplanted). Rice
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transplanting depends on the monsoon
onset date which is assumed in our as June
10 in Nepal. Thus, it takes 19 days from
monsoon onset to the rice planting date
on average. In our simulation, average rice
planting date was calculated by adding 19
days to the actual monsoon arrival date in each
year.

Among other inputs, irrigation options were taken
as rain fed. Similarly, no specific field management
data have been used, except a bund height of 25 cm in
the terraced fields. Soil was taken as sandy loam. The
ground water influence was ignored. This simulation
used the climatic data from the Rampur station
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Figure 1: Monsoon Onset Trend, The monsoon onset date is shifting earlier.
Though June 10 is assumed as monsoon onset date in Nepal, as of records
till date, it has been found June 13 and also more than two third events
have occurred beyond this date. Data source: Department of Hydrology and
Meteorology, Government of Nepal.

Monsoon and actual yield

Various statistical analysis and graphical
interpretations were carried out pertaining to monsoon
events and national average rice yields. In the early
years of our analysis, particularly before 2004, the
relationship between monsoon onset date and yield
seemsinverse: the earlier the onset, the higher the yield.
In later years, this relationship appears proportional
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except in for 2009. Figure 3 shows that the effect of
monsoon onset date on yield is decreasing in recent
years. This is a sensible conclusion as rice yields are
dependent on many other factors than monsoon onset.
It is possible that monsoon onset dependence on yield
might have been decreased on recent years due to
that compensated by one or many of the factors such
as irrigation, improved seeds, timely availability of
fertilizers, improved farming technologies etc.
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Figure 2: Monsoon Occurrence events. The monsoon occurrence events have
not been following a definite trend on its onset, duration and the withdrawal.
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Figure 3: National average rice yield on the backdrop of monsoon onset date.
In the earlier years, the national average rice yield has significant dependence
on monsoon onset date, however in the recent years the nexus has broken to
some extent.
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Figure 4: Comparison of recorded national average rice yield and simulated
yield using AquaCrop. The simulated yield variation is only the reflection of
climatic inputs (temperature and rainfall).

We conducted some correlation studies on actual
yield and rainfall parameters. The actual yield and total
rainfall amount during the crop period were slightly
correlated (r = 0.26). The correlation was found weak
because the monsoon rain amount was quite sufficient
for the required soil moisture to the crop. This finding
agrees with results from other recent experiments
on water saving technologies (WSTs), which have
demonstrated that rice doesn’t need continuous
submergence for high yield (Belder et at.,2004, Tuong
and Bhuiyan, 1999, Singh et al., 2001, Arora et al.,
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2006, Anbumozhi et al.,1998, Zeng et al.,2003, Dunn
and Gaydon, 2011, Tuong and Boman, 2003, Yang
et al., 2012, Mahajan et al., 2009, Choudhury et al.,
2007, Arora, 2006, Pirmoradian et al., 2004, Bouman
and Tuong, 2000, Dawe, 2005, Tabbal et al., 2002,
Bouman et al., 2007, Humphreys, E.,2005).

The average actual yield was found slightly
negatively correlated to the
distribution of rainfall (r = -0.06) during the

skewed temporal

crop period. Obviously, the skewed temporal
distribution adversely affects the yield. The
feebler correlation (r = -0.06) between the
time gap of successive rainfall events and rice
yield is in agreement with Rijal (2012) which
has shown that the soil moisture application
interval of less than 10 days for growing rice
have no noticeable detrimental effect on the
rice yield.

Simulation result

The crop growth simulation carried out in
the climatic environment of Chitwan district
of Nepal closely resembled the national
average yields (Figure 4). The recorded
national average yield and simulated yield
over the period of analysis (2000 to 2009)
strongly correlated (r= 0.86) even at 99% of
confidence limit. The correlation is stronger
particularly in the recent years.

Overall, the results of correlation between
the monsoon trend and rice yield and the
simulation both infer that the last decade
of rice yield owes more to technological and
management factors rather than monsoon
onset. This might be due to various factors
including improved seeds, and fertilizers.
Quality seeds alone can contribute up to 15-
20% yield (Basnet, 2012). As well, in the last
ten years in Nepal, traditional rice varieties
have been replaced by modern varieties
(MOAC, 2011).

Conclusion

The monsoon occurrence events have not
been following a definite trend and its
characteristics such as onset, duration,
distribution and withdrawal are quite
unpredictable. Median monsoon onset date
was found to be June 13 for the years 1968-

2012. However, in recent years monsoon onset
dates have been found to be shifting earlier.

An inverse relation was found between monsoon
onset date and average rice yield (earlier the monsoon,
higher the yield) in general and particularly before
2004. The correlation between yield and monsoon
onset date is weaker in recent years.

Our findings suggest that to create more consistent
and predictable rice yields integrated and holistic
approaches are needed that include area-appropriate
concepts, policy intervention, understandings of
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farmer constraints in achieving high yield, deployment
of new technologies, promotion of integrated crop
management, adequate supplies of inputs and farm
credit, and strengthening of research and extension
linkages (FAO, 1999). Therefore, future research
should focus on what factors have contributed most
strongly to reducing the correlation between monsoon
onset date and rice yield in the later years. We need to
move away from the conventional belief that monsoon
onset is the prime determinant in rice yields.
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Foot Note

1. Asadh is the 3rd month of Nepalese calendar which
comprises approximately the 2nd half of June and
1st half of July.
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