
In agrarian nations such as India, rainfall significantly 
influences agriculture, water resources, and consequently the 
national economy. Therefore, the annual, seasonal, and monthly 
variations of rainfall analysis are crucial for effective regional 
planning and management. Over the past century, India’s mean 
surface temperature has risen by approximately 1°C in winter, 0.3°C 
in the pre-monsoon period, 0.4°C during the monsoon, and 1.1°C in 
the post-monsoon season (Dash et al., 2007). Moreover, the climatic 
change has led to a myriad of adverse effects including lower crop 
yields (Kelkar et al., 2020), reduction in tropical forest coverage 
(Gopalakrishnan et al., 2011), reduced snow-covered area, rising 
sea surface temperature (Dash et al., 2007), more frequent summer 
heatwaves, heavy floods, prolonged droughts and, fluctuations in 
water resources (Gosain et al., 2011). Many previous studies have 
reported that production of different crops in India is anticipated 
to experience a loss of agricultural productivity due to climate 
change (Zacharias et al., 2014; Sandeep et. al., 2018; Pandey, 2023; 
Mukherjee et al., 2024). Rain-fed rice is more susceptible in the 
northeast region, with a range of effects dropping from -35% to +5% 
(Guntukula, 2020). In such a situation, improvement of agricultural 

productivity can be accomplished only through the adoption of seeds 
that are resilient to temperature fluctuations and more advanced 
crop management techniques (Mukherjee and Huda, 2018). As one 
of the most vulnerable regions to climate change, the agricultural 
productivity in this area is significantly impacted by these climatic 
factors. Therefore, it is very important to understand the effects 
of climate factors on food production to implement appropriate 
strategies and policies for the enhancement of the agricultural 
productivity of the region.

This study examines the trends in seasonal and annual 
rainfall and minimum and maximum temperatures in the northeastern 
states of India from 1970 to 2023. The goal is to understand the 
recent climatic impacts on hydrological changes. Additionally, the 
study seeks to evaluate how these climatic changes have affected 
foodgrain production in the state of Assam.

MATERIALS AND METHODS

The northeastern region of India (NER) comprises 
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We analyzed the changes in annual and seasonal rainfall and temperature across seven northeastern Indian states for the period 1970-2023. Our 
findings indicate significant changes in climatic conditions, including both maximum and minimum temperatures and rainfall. Specifically, there 
has been a significant decline in seasonal monsoon rainfall, with overall annual rainfall also decreasing, except in Mizoram. Over the past five 
decades, there has been a marked increase in both maximum and minimum temperatures, though the extent of this warming differs by state and 
period. Temperature trends show a clear rise in both maximum and minimum temperatures. Considering the agricultural dependence in these 
states, we also examined the impact of climatic factors on Assam’s agricultural output using Autoregressive Distributed Lag (ARDL) model. 
Findings show that rainfall significantly affects food grain production in Assam, whereas temperature does not significantly impact food grain 
production.
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the states of Arunachal Pradesh, Assam, Manipur, Meghalaya, 
Mizoram, Nagaland, Tripura and Sikkim. Stretching from 88ºE 
to 96ºE longitude and 22ºN to 29ºN latitude, the northeastern 
region shares borders with five neighboring countries. The NER is 
characterized by a humid subtropical climate influenced by various 
geographical features such as the Himalayas, the Meghalaya 
plateau and the Naga-Patkai hills (Fig. 1). The state-wise monthly 
rainfall data for the period of 1970 to 2023 have been collected 
from India’s Water Resources and Information System (https://
indiawris.gov.in) and temperature datasets were downloaded 
from the official website of IMD, Pune (https://www.imdpune.
gov.in/cmpg/Griddata/Max_1_Bin.html). To evaluate the effect 
of climatic change on agricultural output in the region, data on 
foodgrain production from 1980 to 2023 has been gathered for the 
state of Assam from Handbook of Statistics on the Indian Economy, 
published the Reserve Bank of India (https://www.rbi.org.in/scripts/
annualPublications.aspx?head=Handbook%20of%20Statistics%20
on%20Indian%20Economy). The reason behind selecting Assam is 
that in the entire northeastern region of India Assam is endowed 
with the highest plain area.

The rainfall and temperature datasets were analysed 
seasonally and annually. For seasonal analysis each year was 
divided into four seasons based on the climatic features of the 
months given by the Indian Meteorological Department; Winter 
season (January and February), Pre-monsoon season (March, April, 
and May), Monsoon (June, July, August and September) and Post 
monsoon (October, November and December) (Subash and Sikka, 
2014). The Mann-Kendall test and Sen’s slope estimator have been 
employed for analyzing trends and determining the slope of changes 
in rainfall and temperature. Previous studies have employed similar 
methodologies for assessing the climate change (Swami, 2024; 
Sunny and Sidana, 2017).

Rainfall and temperature were considered as sole 
explanatory variables to see their impact on foodgrain production. 
Autoregressive Distributed Lag Model (ARDL) approach has 
been used to examine the impact of explanatory variables on the 
dependent variable. The following econometric model (Dell et al., 

2014) has been used for assessing the impact of climatic factors on 
foodgrain production in Assam:

where, food_prod= food production, temp = temperature, t indicates 
time unit (t= 1, 2, 3 ……). βs, σs, and γsare coefficients of parameters 
and έ is the error term.

RESULTS AND DISCUSSION

Trends of rainfall and temperatures

Table 1 presents the average seasonal rainfall trends. 
The overall trend across the states indicates a decline in seasonal 
rainfall, especially in winter and monsoon periods. This research 
reveals an upward trend in temperatures in general (Table 1). Both 
maximum and minimum temperatures have risen significantly 
across all states, with the most pronounced increases in Nagaland, 
Manipur, and Tripura, especially in maximum temperatures during 
the post-monsoon season. The annual rainfall trend was decreased 
in the states except in Mizoram (Table 1). Significant declines were 
observed in Arunachal Pradesh, Assam, Manipur, and Tripura, with 
Arunachal Pradesh experiencing the largest significant decrease 
at -18.024 mm year-1. The annual maximum temperature trends 
showed significant increases across all seven northeastern states 
(Table 1). Manipur and Nagaland saw the highest rise in annual 
mean maximum temperatures, followed by Meghalaya, Arunachal 
Pradesh, Assam, and Tripura. Annual minimum temperatures also 
significantly increased in all the states. Tripura had the highest 
rise in annual mean minimum temperature, followed by Assam, 
Mizoram, and both Manipur and Meghalaya (Table 1).

The trend of rising temperatures is significant across all 
the states. By the end of the twenty-first century, in North East India, 
the maximum and minimum temperatures are expected to increase 
by 4ºC and 5.5ºC respectively (Paul and Maity, 2023). Annually, 
rainfall is declining while temperatures are increasing. Also, 
future projected seasonal rainfall during 2011-2060 is expected to 
decrease while the temperature is expected to increase (Soraisam et 
al., 2018). Significant decline in monsoonal rainfall in the Ganges 
and Brahmaputra watersheds was reported (Roxy et al., 2015) due 
to increased Indian Ocean warming, which has reduced the land-
ocean thermal gradient. During the last century, the sea surface 
temperatures (SST) of the Arabian Sea and the Bay of Bengal 
have been increased by almost 1ºC (Dash et al., 2007) decreasing 
the frequency of depressions, and thereby weakening the summer 
monsoon circulation.

Impact of rainfall and temperature on foodgrain production 

The Augmented Dickey-Fuller (ADF) test for stationarity 
(Table 2) showed that rainfall is stationary at levels, while food 
production and temperature are stationary at first differences, 
indicating the presence of a mixed order of integration. Given this, 
the Autoregressive Distributed Lag (ARDL) model was chosen for 
analysis.

Fig. 1: Political map of the study area showing state boundary and 
state capitals
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To examine the long-run relationship among the variables 
the ARDL bound test was used. Results (Table 3) portrayed no 
significant relationship long run relationship, as the F-statistic 
(3.014) is below the upper bound I(I) at the 5% significance 
level. Diagnostic tests confirm no issues with autocorrelation, 
heteroscedasticity, or normality of errors. The Ramsey RESET test 
indicates good model fit (p = 0.995), while the Breusch-Pagan-
Godfrey test (p = 0.209 and Breusch-Godfrey serial correlation LM 
test (p = 0.819) show no heteroscedasticity or serial correlation. 
The Jarque-Bera test confirms normal distribution (p = 0.286). The 
CUSUM test indicates parameter stability at 5% significance level 
shown in Fig. 2, confirming that the model is stable and the results 
are valid.

Table 4 shows the results of short run relationship 
that shows that the previous rainfall lag (1), lag (2), and lag (3) 
significantly affect foodgrain production in Assam. However, the 
temperature does not show any significant impact on foodgrain 
yields in the state. This result is supported by previous research 
(Guntukula, 2020, Babu and Uma, 2023), which show that rainfall 
directly influences agricultural production in India. Guntukula 
(2020) found that rainfall, along with maximum and minimum 
temperatures, significantly impacts major crop yields, though 
the extent of this impact varies among different crops. Further, 
to evaluate whether the inclusion of lagged values of rainfall 
significantly improves the prediction of food production Granger 
Causality test was applied. The results displayed that past values 

Table 1: Sen’s slope for seasonal and annual rainfall and temperatures for northeastern states of India

Seasons Arunachal Pradesh Assam Manipur Meghalaya Mizoram Nagaland Tripura
Rainfall (mm year-1)

Winter -1.790* -0.558* -0.590* -0.234 -0.437* -0.357 -0.437*
Summer -4.045* -0.048 0.887 0.378 -0.903 0.718 -4.548
Monsoon -7.716* -4.357* -5.164* -6.60 2.037 -1.432 -4.439*
Post monsoon -2.134* -1.093 -0.990 -1.583 0.725 0.152 -0.047  
Annual -18.024* -6.09* -7.541* -7.712 0.987 -1.692 -10.698*

Maximum temperature (°C year-1)
Winter 0.031* 0.021* 0.032* 0.023* 0.014 0.035* 0.011
Summer 0.016 0.011 0.017* 0.012 0.010 0.020* 0.009
Monsoon 0.026* 0.026* 0.032* 0.031* 0.028* 0.029* 0.026*
Post monsoon 0.037* 0.028* 0.038* 0.033* 0.024* 0.038* 0.019*
Annual 0.025* 0.021* 0.029* 0.026* 0.021* 0.029* 0.018*

Minimum temperature (°C year-1)
Winter 0.017* 0.018* 0.018* 0.015* 0.016* 0.018* 0.019*
Summer 0.009* 0.015* 0.010* 0.011* 0.015* 0.010* 0.019*
Monsoon 0.014* 0.021* 0.014* 0.018* 0.021* 0.012* 0.025*
Post monsoon 0.018* 0.017* 0.018* 0.015* 0.016* 0.018* 0.020*
Annual 0.013* 0.018* 0.015* 0.015* 0.017* 0.014* 0.022*

Note: * indicates statistical significance at 5% as per the Mann-Kendall test (+ve for increasing and –ve for decreasing)

Table 2: Results of ADF test

Variables At Level At first difference Decision
C C & T C C & T

t-stat t-stat t-stat t-stat
Rainfall -60254** -7.323** I (0)
Temp -2.894 -5.114* -7.706** -7.597** I (I)
Food_Prod -1.344 -7.991 -2.996** -7.865** I (I)

Note: * & ** indicates significant at 5% and 1% respectively
Table 3: Results of Bound test

Model F-Statistic Critical values I (0) I (I)
FoodProd| Rainfall| Temp 3.014** 10% 2.63 3.35

5% 3.10 3.87
1% 4.13 5

** indicates <5% level

Rainfall and temperature trends and impact on agricultural productivity in NE India
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of rainfall do not provide statistically significant information to 
improve the prediction of food production (F-stat= 1.65; p>0.05) in 
the short run within the current dataset.

CONCLUSION

The findings show significant warming in both maximum 
and minimum temperatures across seven states over the past 50 
years, with a notable decline in rainfall, particularly during the 
monsoon season. While rainfall decline is not statistically significant 
in many states, it remains concerning. Findings also indicate that 
rainfall significantly affects foodgrain production in the short run, 
while temperature has no significant impact. The ARDL finding 
suggests that variations in climatic factors directly and temporarily 
affect foodgrain production over the time period under study. The 
predictive causality shows that past values of rainfall does not 
significantly improve the prediction of food production. Non-
climatic factors such as agricultural inputs, market conditions etc. 
might have more significant influence on food production of the 
state. The study’s insights are crucial for developing region-specific 
policies to enhance agricultural productivity.
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