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Abstract
Mountainous regions are considered highly vulnerable to the effects of climate change. The extent of 
change and variability of climatic parameters is still unexamined in many remote mountainous areas. 
This paper aims to understand the change in pattern of rainfall and temperature during 1986-2015 in 
the Himalayan state of Mizoram, India. Time series analysis of climatic parameters is carried out by us-
ing Coefficient of Variation (CV), Mann-Kendall (M-K)and Sen’s Slope estimator. The analysis revealed 
that during the entire study period, the highest seasonal rainfall variation occurs during winter and the 
highest seasonal temperature variation occurs during spring. Mann-Kendall test showed a significant 
change in rainfall with November showing the highest negative trend of rainfall. The temperature trend 
analysis in the study also reveals drastic change of temperature over 2˚C in the last 30 years. Lastly, linear 
regression analysis shows that changes in the climate variables have significant effect on the production 
of maize and ginger at 0.05 significance level with r²=0.49 and 0.24 respectively.

Keywords: Climate change, Climate Variability, Mann-Kendall,Sens’s Slope Trend Analysis, 
Regression, Agriculture, Mizoram

1. Introduction

Climate change and variability are among 
the biggest challenges of the world today. 
Climate change refers to the unprecedented 
permanent or long-term change of the earth’s 
atmospheric conditions. It is a long-term 
continuous change, usually at least 30 years 
(WTO-UNEP, 2009). Climate variability, on the 
other hand, refers to variation from climate 
means (Tam, 2012). It has been estimated 
that the global average temperature has 
increased by 0.3°C to 0.6°C over the past 100 
years (IPCC, 1990), and is projected to rise by 
1.8°C to 4.0°C by 2100 (IPCC, 2007). 

The reported rise of global surface 
temperature by 0.6°C is found to be highly 

comparable to the rise of mean annual 
temperature over India (Dash et al., 2007). 
During the past century, different climatic 
zones in the country have experienced an 
increase in maximum temperature ranging 
from 0.5 to 1.2°C (Dash et al., 2007). Rainfall 
pattern has also changed from increasing 
trend in the first half of the 20th century to 
a significant decrease of Monsoon from the 
decade 1971-1980 onwards (Guhathakurta 
& Revadekar, 2017). The Intergovernmental 
Panel on Climate Change (IPCC, 2007) has 
projected an increasing temperature, a 
significant change in Monsoon and water 
stress in India by the 2020s.

Because of its diverse geography and 
dependency of agricultural sector on 
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Monsoon, India ranks among the most 
vulnerable countries with respect to climate 
change (Brenkert & Malone, 2005). Millions 
of population belonging to climate sensitive 
zones and primary sector without having 
appropriate knowledge on coping strategies 
and adaptive measures are at risk to climate 
change (Panda, 2009; Patnaik & Narayanan, 
2009; Ravindranath et al., 2011).Climate 
change has significant effect on the growth 
and productivity of crops (Tao et al., 2003; 
Lobells et al., 2008). A number of studies 
in India have shown that decrease in 
intensity of Monsoon is negatively affecting 
agricultural productivity in both irrigated 
and rainfed areas (Ashrit et al., 2001; Chung 
& Ramanathan, 2006; Soora et al., 2013). 
Moreover, climate related hazards like 
cyclone, landslide, flood and drought are 
expected to intensify at regional or local level 
resulting in the disruption of the livelihood of 
poorer sections of population (Panda, 2009; 
Brenkert & Malone, 2005).

Highlands and mountainous areas are 
considered as one of the most vulnerable 
ecosystems to climate change due to fragile 
environment, dependence on traditional 
economy and relatively low level of 
development (see Ives & Messerli, 1989; 
Koenig & Abegg, 1997; Beniston, 2003; 
Beniston, 2005; Viviroli et al., 2011; Kohler 
et al., 2014; Fort, 2015; Finaev et al., 2016). 
A slight change in temperature and rainfall 
pattern in hill areas may easily induce 
frequent occurrence of natural hazards, 
disruption of ecological system, reduction 
of crops, availability of water, and, after all, 
the well-being of the natural and human 
environment. The north-eastern Himalayan 
region of India is also highly vulnerable to 
climate related water-induced disasters as 
it has been experiencing rapid decrease in 
rainfall during the last three decades (Das, 
2009; Jain at al.,2013; Choudhury et al., 
2019). Rainfall deficiency was the largest 
during the decade 2001–2010 for northeast 
India (Guhathakurta & Revadekar, 2017). 
Moreover, it is estimated that the magnitude 
of increase in maximum temperature in the 

region is one of the highest in India (Dash et 
al., 2007).

Owing to its high rainfall and other geo-
environmental factors, Northeast India is 
highly suitability for production of crops 
like maize and ginger. The region is one 
of the most important ginger producing 
regions in the country. Parthasarathy et al. 
(2008) did not find any significant change 
for ginger production in Northeast India 
under the changing climatic scenario in their 
assessment of land suitability of ginger. At the 
same time, decreasing rainfall in the region 
is found to affect productivity of maize (Zea 
mays) in rainfed areas (Byjesh et al., 2010; 
Ravindranath et al., 2011; Deb et al., 2015; 
Duncan et al., 2016).

No proper study has been conducted on 
the relationship between climate variability 
and agricultural productivity in Mizoram till 
today. The agricultural system in the state is 
highly dependent on seasonal rainfall (Singh 
et al., 2016) as the majority of cultivable land 
in the state falls under the rainfed areas. No 
proper examination on climate change in 
Mizoram has also been conducted till today. 
A few descriptive studies have observed 
increasing temperature and decreasing 
rainfall in the post-Monsoon period during 
the past few years (GoM, 2012 & Sahoo et 
al., 2018; Singh et al., 2016).Guhathakurta et 
al.(2020) observed significant increase of dry 
days in the state while Tiwari (2006) noticed 
an increase in mean maximum temperature 
by 1.8˚C in a span of 5 years, and a decreasing 
rainfall during 1992-2000.

2. Objectives of the Study

The present study is an attempt to 
determine change and variability in 
temperature and rainfall patterns in Mizoram 
and its impacts on the production of two 
important crops - ginger and maize. Our 
result is expected to give insight into the 
current knowledge of change and variability 
of climate in the region which has not been 
properly investigated. 
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3. The Study Area

Located in the southernmost part 
of northeast India, Mizoram is a small 
mountainous state with 85 per cent of its 
geographical area under forest cover (FSI, 
2019). The state receives an average annual 
precipitation of 254 cm. most of which occurs 
during Monsoon season. The state economy 
is predominantly depending upon agriculture 
with more than 60 per cent of its working 
population are directly or indirectly engaged 
in agricultural activity. The state belongs 
to the Eastern Himalayan region which is 
considered as one of the most climatically 

sensitive regions in the world due to its fragile 
geo-ecological system, rapid urbanization 
and high dependence on forest-depleting 
traditional shifting cultivation in rural areas 
(Fig. 1). About 90 per cent of the entire 
cultivated areas are rainfed that increases 
the vulnerability of the state to the adverse 
effects of climate change and variability.
Maize is one of the most important crops in 
the state and is usually grown in Jhum land 
along with rice as an intercrop. Mizoram is 
one of the leading ginger producing states in 
India and ranks first in terms of productivity 
(Rahman et al., 2009).

Fig. 1. The Study Area -Mizoram, India
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4. Materials and Method

Climatic parameters like rainfall and 
temperature data for a period of 1986-2015 
were obtained from Indian Meteorological 
Department (IMD) while a time series data of 
25 years (1994-2019) for ginger and maize 
production in the state were obtained from 
Directorate of Agriculture, Government of 
Mizoram. 

Three statistical techniques were applied 
to measure variability of recorded climate 
data. Firstly, Coefficient of Variation (CV) 
is used to determine decadal variation of 
the collected data. This technique has been 
popularly used to measure variation from the 

mean (see Asare-Nuamah & Botchway, 2019; 
Gemeda et al., 2020). The formula of CV is

Where, σ = standard deviation, and µ = mean.
Secondly, following Yue et al. (2002), 

Jaiswal et al. (2015), Atta-ur-Rahman& 
Dawood (2017), Yadav et al. (2014), 
Guhathakurta & Revadekar (2017) and 
Getachew (2018), the non-parametric Mann-
Kendall (M-K) test have been applied to 
find out the changing trend of the climate 
variables by classifying the time series data 
into three categories -monthly, seasonal and 
annual data sets.

Fig 3. Maize are usually grown along with Rice in Mizoram

Fig. 2. Ginger cultivation in the hills of Mizoram
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The equation for Mann-Kendall test is 
given as

Here, S denotes Mann-Kendall (M-K) test 
while xJ and xk represent parameter values in 
years j and k, j>k, respectively. The positive 
and negative values of n denote increasing 
and decreasing trend respectively (Salmi et 
al., 2002). 

Thirdly, the non-parametric technique of 
Sen’s Slope method is calculated to estimate 
the true slope. The slope ‘Q’ is calculated by 
using the following equation:

Where xJ and xk are the data value at time j and 
k (j>K) respectively (for detailed discussion, 
see Raja et al., 2018).

Lastly, linear regression is employed to 
assess the relationship between climatic 
variables and productivity of ginger and 
maize during 1994-2019.

5. Results and Discussion

Rainfall Variation

The average annual rainfall in Mizoram 
during 1986-2015 was 206.72mm. The 
maximum rainfall (256.81mm) was 
recorded in 2007 while the minimum rainfall 
(157.65mm) occurred in 2014. As shown 
in Fig. 4, coefficient of variation (CV) of 
monthly rainfall pattern during the study 
period reveals that the highest and the lowest 
variations were recorded in the months of 
December and October respectively. 

Decadal-wise variation of mean monthly 
rainfall shows that the most recent decade 
(i.e. 2006-2015) has recorded relatively high 
variation in comparison to the previous two 
decades. Maximum variation is observed 
during dry winter season (November–
February). On the other hand, Monsoon 
season shows minimal variation not only 
during this decade but also for the entire 
study period. 

The M-K test and Sen’s slope have been 
estimated to determine the nature of trend 
of the climate variables. The time-series data 
was analyzed by categorizing it into three 
groups - monthly, seasonal and annual. The 
‘Z’ values of M-K test show a constant decline 

Fig. 4.Variation in Average Annual Rainfall, 1986 - 2015, Mizoram
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of precipitation for almost all the months, all 
seasons and total annual rainfall (Table 1). 
However, the change is significant only in the 

months of October, November, December and 
in winter season which is also indicated by 
the Sen’s slope or Q values (Fig. 5). 

Table 1. M-K and Sen’s Slope statistics of Rainfall in Mizoram, 1986-2015

Month/Season Test Z Q B Significance
January -0.58 -0.011 4.21  

February -1.87 -0.750 25.93 +
March -1.75 -1.606 70.62 +
April -0.71 -1.075 135.64  
May 0.64 1.909 274.00  
June -1.00 -2.236 429.20  
July -1.43 -2.942 452.29  

August 0.18 0.369 414.50  
September -0.54 -0.963 376.66  

October -2.11 -3.695 269.82 *
November -2.55 -1.805 55.518 *
December -2.07 -0.089 2.3556 *

Spring -1.32 -3.695 269.41  
Summer 0.18 0.438 1646.3  
Autumn -1.53 -3.962 636.3  
Winter -2.43 -2.435 85.772 *
Total -1.43 -8.994 2657.9  

(Note: + and * indicate significance at 0.1 and 0.5level of significance respectively)

Fig.5.Variation in Total Annual Rainfall, 1986-2015, Mizoram
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Temperature variation

The analysis of both the maximum and 
minimum temperatures reveal a huge 
variation of temperature in all the decades. 
During the entire period, the maximum 
temperature shows a moderate monotonic 
nature.  Low coefficients of variation are 
detected in March and July while May and 
September show relatively higher values 
of variation (Fig.6). The average monthly 
minimum temperature, on the other hand, 
shows a higher variation in the month of 
January which gradually declines in the later 
months but abruptly increases in the month 
of December (Fig.7).

Relatively higher fluctuation in maximum 
temperature was observed during 2006-

2015 as compared to the previous decades 
(Fig. 6). During this decade, the highest 
variation is observed in the month of August. 
High anomalies were recorded in the months 
of May to October in all the three decades. 
The minimum temperature, on the other 
hand, has shown maximum variations during 
winter season (Fig.7).

The seasonal temperature variation 
of maximum and minimum shows a high 
monotonic characteristic in all the seasons. 
Spring season has recorded the highest 
maximum rainfall variation from its mean 
while showing declining trend with time.  
Recently, increasing variation in maximum 
temperature is observed during winter (Fig. 
8). Similar pattern is observed for minimum 

Fig.6.Variation in Average Maximum Temperature, 1986-2015, Mizoram

Fig.7.Variation in Average Minimum Temperature,1986-2015, Mizoram
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Fig. 8. Seasonal maximum temperature variation, 1986-2015, Mizoram

Fig. 9. Seasonal Minimum Temperature Variation, 1986-2015, Mizoram

Fig. 10. M-K trend and Sen’s slope of average maximum average temperature, June, 1986-2015
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temperature. Winter and spring seasons 
have recorded relatively higher variations as 
compared to summer and autumn seasons. 
For all seasons, variations in minimum 
temperature are found to be declining with 
time (Fig. 9).

The analysis of M-K testshows a 
decreasing trend in annual average maximum 
temperature during the study period (Table 
11). A significant level of negative trend is 
observed for maximum temperature in the 
month of June with the Z value of -2.25 (Fig. 
10). No significant trend is observed for 
minimum average temperature.

Climate variability and agricultural  
productivity

The regression analysis between 
temperature-rainfall and ginger yield in 
Mizoram shows significant relationship at 

0.05 level of significance. The low value of r² 
indicates the role of non-climatic determining 
factors of ginger production which are not 
included in the analysis due to unavailability 
of data. As an exported item, ginger plays an 
important role in the economy of Mizoram as 
it is one of the most cultivated cash crops in 
the state. However, the production pattern of 
ginger in Mizoram is highly fluctuated due 
to instability of ginger market which in turn 
depends upon the quoted price of buyers 
from outside the state (Vanrammawia,2015). 
The informal ginger growers may not harvest 
their crops for 2-3 years if they refuse to sell 
as per the offered price. 

In case of maize, the value of r2 is 
comparatively higher due to less influence of 
non-climatic variables on the cultivation and 
productivity of maize. Maize is the second 
most popular cereal grown by the shifting 

Month/Season
Maximum Temperature Minimum Temperature

Test Z Q B Sig. Test Z Q B Sig.
January 0.30 0.00 24.11 1.66 0.05 8.18 +

February 0.34 0.01 26.74 0.57 0.02 10.58
March -0.63 -0.02 30.64 0.96 0.03 13.34
April -1.47 -0.07 33.43 1.39 0.06 14.92
May -0.61 -0.03 32.83 1.13 0.04 16.43
June -2.25 -0.10 33.40 * 0.11 0.00 19.00
July -0.36 -0.02 31.16 0.70 0.01 19.12

August 0.36 0.03 30.35 0.64 0.02 19.04
September 0.39 0.02 30.15 0.25 0.01 19.04

October 0.04 0.00 29.95 0.34 0.01 17.32
November 0.16 0.01 28.16 -0.48 -0.02 13.89
December 0.04 0.00 24.70 0.93 0.03 9.89

Spring -1.21 -0.03 30.08 0.93 0.04 12.88
Summer -0.73 -0.03 32.10 1.04 0.01 18.39
Autumn 0.52 0.03 29.92 0.50 0.01 18.09
Winter -0.18 0.00 25.64 1.14 0.03 10.18

Annual Avg. 
Temperature -0.27 -0.01 29.55 1.12 0.03 14.93

Table 2. The M-K and Sen’s slope statistics for maximum and minimum temperature in Mizoram,  
1986-2015
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cultivators in the state. As shown in Table 3, 
maize cultivation is highly dependent upon 
both rainfall and temperature as compared to 
ginger. Sowing of maizeis mostly done during 
the month of March to May and its growth 
and productivity is thus highly determined by 
rain water availability (Hnamte, 2009). The 
r² value indicates 49 per cent of the variation 
in the productivity of the maize yield can be 
attributed to the rainfall and temperature. A 
decreasing trend of rainfall by 23.7 per cent 
from its mean annual average rainfall in the 
last 30 years could possibly have an adverse 
impact on the production of maize. 

6. Conclusion

Understanding the adverse impacts of 
climate change on agriculture is imperative 
to seek attention to the need for limiting 
and minimizing the effects. Further, it may 
help in the assessment of socio-economic 
and physical impacts of climate change in an 
underdeveloped, mountainous and rainfed-
agricultural area like Mizoram.

The time series data of rainfall and 
temperature reveals a changing and a 
varying characteristic through time. Analysis 
of Coefficient variation (CV) shows a high 
variation of rainfall from its mean in all the 
three decades and the M-K and Sen’s slope 
estimators analysis helps in having a better 
understanding with the trend characteristics, 
revealing a significantly negative trend with 
a decline of 49.1mm of rainfall compared to 
the total average rainfall of 206.7mm, with 
a declining trend of precipitation since last 
decade. Likewise, the analysis of temperature 
shows a positively high variation in the 
decadal temperature with negative trend 

in the maximum temperature and a much 
constant trend in minimum temperature. 
Although the temperature trend analysis 
doesn’t give a much significant result, which 
could be attributed to the short availability of 
the time series data. The regression analysis 
shows that rainfall and temperature have 
significant influence over the yields of maize 
and ginger in Mizoram. 
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