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ABSTRACT: The northeast region (NER) of India covers an area of 0.26 million km2. This region is one of the highest
rainfall-receiving regions on the planet. Consequently, it has huge water and hydropower potential and analysis of rainfall
and temperature trends would be of interest to water and energy planners. Trends in monthly, seasonal, and annual rainfall
and temperature on the subdivision and regional scale for the NER were examined in this study. Trend analysis of rainfall
data series for 1871–2008 did not show any clear trend for the region as a whole, although there are seasonal trends
for some seasons and for some hydro-meteorological subdivisions. Similar analysis for temperature data showed that
all the four temperature variables (maximum, minimum, and mean temperatures and temperature range) had rising trend.
Notably for the post-monsoon season, the Sen’s estimator of slope (°C/year) was 0.019, 0.011, and 0.015 for the maximum,
minimum, and mean temperature, respectively. Copyright  2012 Royal Meteorological Society
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1. Introduction

Studies to detect climate change and its impact on
the various sectors deserve urgent attention in light of
the impact of climate change on agriculture, increased
risk of hunger and water scarcity, rapid melting of
glaciers, and decrease in river flows Intergovernmental
Panel on Climate Change (IPCC, 2007). This study
aims to determine trends in the monthly, annual, and
seasonal total rainfall; maximum, minimum, and mean
temperatures; and diurnal temperature range (DTR) for
northeast region (NER) of India.

Although climate change is a broad area of research,
the changing pattern of precipitation deserves urgent and
systematic attention as it will affect the availability of
food supply (Dore, 2005). Precipitation is a vital part of
the hydrologic cycle and changes in its pattern would
directly influence the water resources of the concerned
region. Changes in rainfall quantity and frequency would
alter the pattern of stream flows and demands (partic-
ularly agricultural), spatial and temporal distribution of
runoff, soil moisture, and groundwater reserves. This
will necessitate a review of our reservoir operation and
water resources management policies. Trend analysis of
rainfall in different spatial scales will lead to a better
understanding of the problems associated with floods,
droughts, and the availability of water for various uses
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with respect to future climate scenarios. Air temperature
is also considered a good indication of the state of climate
because of its ability to represent the energy exchange
process over the earth’s surface with reasonable accu-
racy (Vinnikov et al., 1990; Thapliyal and Kulshrestha,
1991).

2. Climate change in India

A large number of studies have been conducted for
the Indian subcontinent and several investigators have
concluded that the trend and magnitude of warming over
India/Indian subcontinent over the past century is broadly
consistent with the global trend and magnitude (Pant
and Kumar, 1997; Arora et al., 2005; Dash et al., 2007).
However, the DTR decadal trends over India are quite
different from those observed over other parts of the
globe because of the comparatively large increase in Tmax

over a major part of India (Srivastava et al., 1992; Rupa
Kumar et al., 1994). Several studies relating to changing
pattern of rainfall over India observed that there is no
clear trend of increase or decrease in average rainfall over
the country (Mooley and Parthasarathy, 1984; Thapliyal
and Kulshrestha, 1991; Lal, 2001; Kumar et al., 2010).
Although long-term trends in monsoon rainfall have
not been observed on an all-India scale, several studies
have found significant trends in rainfall on a regional
scale (Koteswaram and Alvi, 1969; Jagannathan and
Parthasarathy, 1973; Raghavendra, 1974; Chaudhary and
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Abhyankar, 1979; Kumar et al., 2005; Dash et al., 2007;
Kumar and Jain, 2010). Some studies have shown that,
in general, the frequency of intense rainfall events in
many parts of Asia has decreased, while the number of
rainy days and total annual precipitation has decreased
(Khan et al., 2000; Shrestha et al., 2000; Mirza, 2002;
Lal, 2003; Min et al., 2003; Goswami et al., 2006; Dash
et al., 2007).

3. Northeast India

The NER of India consists of the states of Assam,
Arunachal Pradesh, Manipur, Meghalaya, Mizoram,
Nagaland, Sikkim, and Tripura, covering an area of
255 168 km2. These states consist of a part of the
east Himalayan region, which extends from Arunachal
Pradesh eastwards to the Darjeeling hills of West Ben-
gal. The area is characterized by rich biodiversity, heavy
precipitation, and high seismicity. The climate is pre-
dominantly humid subtropical with hot, humid summers,
severe monsoons, and mild winters. Along with the west
coast of India, this region has some of the Indian subcon-
tinent’s last remaining rain forests. The region’s lowland
and moist to wet tropical evergreen forests are considered
to be the northern most limit of true tropical rainforests
in the world (Procter et al., 1998). Northeast (NE) India
has 64% of the total geographical area under forest cover.
The entire region is a part of Indo-Burma and Himalayan
hotspots, 2 of 25 such hotspots in the world. An index
map of the region is given in Figure 1.

NE India can be considered a separate macro-region
within the Indian landmass (Winstanley, 1973;

Figure 1. Index map of the northeast region of India showing different
meteorological subdivisions.

Parthasarathy et al., 1987). Agriculture products form
important inputs to the economy of NE India and any
changes in the spatial and temporal pattern of rainfall
directly affects the monsoon-reliant agriculture ecosys-
tem. The climate is subtropical and the region is charac-
terized by wide variation of weather and climate. With an
annual average rainfall of 2068 mm, it is one of the high-
est rainfall-receiving regions on the planet, which makes
it an important site from a meteorological perspective.
Cherrapunji (or Mawsynram), which is the wettest place
on the Earth with annual rainfall of around 12 000 mm,
falls in this region. On the other hand, a few places in
Assam receive an annual rainfall of only up to 2000 mm.
According to the data presented by Parthasarathy et al.
(1995), the mean annual rainfall in the NER varies from
1577 to 6002 mm. The mean temperature varies from 5
to 30 °C and the mean relative humidity remains between
70% and 85% for most part of the year (Jhajharia et al.,
2009). This region is drained by the mighty river Brahma-
putra and its tributaries, with an average annual discharge
of about 19 200 cumecs. Tea, besides paddy, forest prod-
ucts, such as bamboo, different types of fruit crops, and
orchids are the main cash crops of NE India (Jhajharia
et al., 2011).

NE India is vulnerable to water-induced disasters
because of its location in the eastern Himalayan periph-
ery, fragile geo-environmental setting, and economic
underdevelopment. The powerful hydrological and mon-
soon regime of the region, especially the Brahmapu-
tra and the Barak (Meghna) river systems, are both a
resource and a source of vulnerability.

High-resolution regional climate model (PRECIS) sim-
ulations for A1B emission scenario indicates that the
projected mean annual rainfall in NE will vary from a
minimum of 940 ± 149 to 1330 ± 174.5 mm, Ministry
of Environment and Forest (MOEF, 2010). The increase
with respect to 1970s is by 0.3–3%. The NE also shows
a substantial decrease in rainfall in the winter months
of January and February in 2030s with respect to 1970s
with no additional rain projected to be available during
the period March to May and October to December. In
fact, recent data indicate the same pattern. However, the
monsoon rainfall during June, July, and August is likely
to increase by 5 mm in 2030s with reference to 1970s, a
negligible rise indeed.

Jhajharia et al. (2009) suggest that two parameters, viz.
sunshine duration and wind speed, strongly influenced
changes in pan evaporation at various sites from different
regions in NE India in different seasons.

Jhajharia and Singh (2010) observed decreasing trends
in DTR (DTR = Tmax − Tmin) at four sites in NE for
almost all timescales. However, the DTR trends were
significant mainly at annual, seasonal (pre-monsoon and
monsoon), and monthly (May, June, August, September,
and November) timescales. Significant increasing trends
in DTR are observed at three sites in the month of Octo-
ber and in the monsoon and post-monsoon seasons as
well. Four sites showed significant increasing trends in
Tmean in monsoon and post-monsoon seasons. Also, the
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post-monsoon changes in Tmax and Tmin were more than
the monsoon changes, indicating an element of a sea-
sonal cycle. Significant decreasing trends in the sunshine
duration were observed at annual, seasonal (winter and
pre-monsoon), and monthly (January–March) timescales.

Correlation analysis revealed that different meteorolog-
ical parameters influence DTR in different seasons over
different sites. DTR increases were found to be positively
correlated with Tmax and moderate negatively correlated
with Tmin. However, DTR decreases were found to have
a positive correlation with sunshine duration, Tmax, and
Epan and a negative correlation with Tmin. Concomitant
decreases in sunshine duration may be one of the potential
causes of observed DTR decreases over NE India.

Jhajharia et al. (2011) estimated ET0 using the
Penman-Monteith (PM) method over the eight sites in
NE India and NE India as a whole. The total annual
ET0 of the eight sites of NE region was in the range
of about 900–1320 mm. The total monthly ET0 was
around 50–65 mm in December to February, reached
peak in summer, and remained in the range of about
110–150 mm, it gradually decreased thereafter. The
average seasonal total ET0 for NE India as a whole varied
from 105 mm in winter to 470 mm in monsoon. Statisti-
cally significant decreasing trends in ET0 were observed
for the annual duration; winter, pre-monsoon, and post-
monsoon seasons and to some degree in the monsoon sea-
son. Temperature remained practically trendless in winter
and pre-monsoon seasons and witnessed increasing trends
in monsoon and post-monsoon seasons.

4. Methodology

For seasonal analysis, each year was divided into
four climatic seasons (Rao, 1981), namely winter (Jan-
uary–February), pre-monsoon (March–May), southwest
monsoon (June–October), and post-monsoon (Novem-
ber–December). Note that the southwest monsoon sea-
son in this region lasts for 5 months (June–October) in
contrast to 4 months (June–September) for the whole
of India, while the postmonsoon season lasts for only
2 months. Analysis of the data was carried out season-
wise as well as year-wise for temperature (1901–
2003) and rainfall (1871–2008). To detect local trends
in the long time series for rainfall and tempera-
ture, analyses were performed by dividing them into
smaller timescales – for rainfall, it is 1871–1950 and
1951–2008, and for maximum, minimum, and diurnal
temperatures, it is 1901–1950 and 1951–2003.

In this study, the magnitude of trend in a time series
was determined using a nonparametric method known as
Sen’s estimator (Sen, 1968) and statistical significance
of the trend in the time series was analysed using
Mann–Kendall (MK) test (Mann, 1945; Kendall, 1975).

4.1. Magnitude of trend

Sen’s method assumes a linear trend in the time series
and has been widely used for determining the magnitude

of trend in hydro-meteorological time series (Lettenmaier
et al., 1994; Yue and Hashino, 2003; Partal and Kahya,
2006). In this method, the slopes (Ti) of all data pairs are
first calculated by

Ti = xj − xk

j − k
fori = 1, 2, . . . , N, (1)

where xj and xk are data values at time j and k (j > k),
respectively. The median of these N values of Ti is Sen’s
estimator of slope, which is calculated as follows:

β =




TN + 1
2

N is odd

1
2

(
TN

2
+ TN + 2

2

)
N is even

(2)

A positive value of β indicates an upward (increas-
ing) trend and a negative value indicates a downward
(decreasing) trend in the time series.

4.2. Significance of trend

To ascertain the presence of statistically significant trend
in hydrologic climatic variables such as temperature,
precipitation, and stream flow with reference to climate
change, nonparametric MK test has been employed by a
number of researchers (Douglas et al., 2000; Yue et al.,
2003; Burn et al., 2004; Singh et al., 2008a,b; Kumar
and Jain, 2011). The MK method searches for a trend
in a time series without specifying whether the trend is
linear or nonlinear. In this study, the MK test was also
applied. The MK test checks the null hypothesis of no
trend versus the alternative hypothesis of the existence
of increasing or decreasing trend. Following Bayazit and
Onoz (2007), no pre-whitening of the data series was
carried out as the sample size is large (n ≥ 50) and slope
of trend was high (>0.01).

The statistics (S) is defined as (Salas, 1993) follows:

S =
N−1∑
i=1

N∑
j=i+1

sgn(xj − xi) (3)

where N is the number of data points. Assuming (xj −
xi) = θ , the value of sgn(θ) is computed as follows:

sgn(θ) =
{ 1 if θ > 0

0 if θ = 0
−1 if θ < 0

(4)

This statistics represents the number of positive differ-
ences minus the number of negative differences for all
the differences considered. For large samples (N > 10),
the test is conducted using a normal distribution (Helsel
and Hirsch, 1992) with the mean and the variance as
follows:

E[S] = 0 (5)

Var(S) =
N(N − 1)(2N + 5) −

n∑
k=1

tk(tk − 1)(2tk + 5)

18
(6)
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where n is the number of tied (zero difference between
compared values) groups and tk the number of data
points in the kth tied group. The standard normal deviate
(Z-statistics) is then computed as (Hirsch et al., 1993)
follows:

Z =




S − 1√
Var(S)

if S > 0

0 if S = 0
S + 1√
Var(S)

if S < 0
(7)

If the computed value of |Z| > zα/2, the null hypothesis
(H0) is rejected at α level of significance in a two-sided
test. In this analysis, the null hypothesis was tested at
95% confidence level.

4.3. Data used

As a whole, the Indian subcontinent has been divided
into 36 meteorological subdivisions (these are the areas
of homogenous climate, 34 in mainland and 2 on
islands). The NER of India encompasses the following
five subdivisions:

1. Assam and Meghalaya,
2. Arunachal Pradesh,
3. Nagaland, Manipur, Mizoram, and Tripura (NMMT),
4. Sub-Himalayan West Bengal and Sikkim (SHWBS),

and
5. Gangetic West Bengal.

4.4. Rainfall

The subdivisional monthly rainfall data of India prepared
by the Indian Institute of Tropical Meteorology (IITM,
htpp://www.tropmet.res.in) was used to carry out this
study. We used the data for the four subdivisions from
the NER of India (the data for Arunachal Pradesh was not
available). The station rainfall data were obtained from
the India Meteorological Department (IMD). The data
from IMD are released after rigorous quality checks and
pre-processing so as to provide error-free data for analysis
and design. As such, these data may be considered the
most reliable long series of data for the study area. The
data for 138 years (1871–2008) were used.

In addition, the subdivisions of India were combined
into five homogeneous regions by IITM, of which we uti-
lized the series for NER in our study. General statistical

features of the different subdivisions and the whole study
area are given in Table I. The area-weighted monthly
rainfall (by assigning the subdivision area as the weight)
series of the four regions, including NE, along with
the combined data of 30 subdivisions, are available at
http://www.tropmet.res.in.

It is noted that the density of the stations is low in the
region. Furthermore, the coefficient of variations of the
rainfall for the different subdivisions is quite low and it
is still lower for the whole region.

4.5. Temperature

The temperature series for NE India was derived from
the Indian Regional Monthly Surface Air Temperature
data set published by IITM with data being sourced
from IMD. All-India and regional monthly temperature
series are computed by simple averages of the constituent
grid point data of the respective regions, the details
of which are available in the study by Kothawale
and Rupakumar (2004). Maximum (Tmax) and minimum
(Tmin) temperature series for the years 1901–2003 were
used in this study along with computed values of DTR
(Tmax − Tmin) and average temperatures (Tavg).

5. Results

The results of trend analysis for the rainfall and the
temperature data are discussed in the following sections.

5.1. Rainfall data

Results of rainfall data analysis are presented for the
monthly, seasonal, and annual data.

5.1.1. Trend analysis of monthly rainfall data

As expected, rainfall trends show large variability in mag-
nitude and direction of trend from one subdivision to
another. When the entire available data series for the
period 1871–2008 was considered for trend detection
at monthly scale, of 48 values (12 months × 4 subdi-
visions), 20 values were negative and 28 were positive
(Table II). Among the subdivisions, two subdivisions,
namely Assam and Meghalaya and NMMT, the value
of Sen’s estimator is statistically significant for only one

Table I. Meteorological subdivisions whose data were used and statistical properties of annual rainfall.

S. No. Subdivision/
region

Subdivision
number

Area
(km2)

Number of
rainfall stations

Minimum
rainfall (mm)

Maximum
rainfall (mm)

Mean
rainfall (mm)

CV∗

1 Assam & Meghalaya 3 109096 10 1772.3 3084.9 2346.4 0.11
2 Nagaland, Manipur,

Mizoram & Tripura
4 70495 4 1418.1 2742.1 1980.2 0.12

3 Sub-Himalayan West
Bengal & Sikkim

5 21625 5 1705.9 3323.8 2504.2 0.13

4 Gangetic West Bengal 6 66228 11 1083.6 2182.2 1538.6 0.15
Northeast India 3, 4, 5, 6 267444 30 1576.0 2625.9 2067.8 0.09

∗ CV: coefficient of variation.
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Table II. Sen’s estimator of slope (mm/year) for monthly rainfall.

S. No. Subdivision/region Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1871–2008
1 Assam & Meghalaya −0.04 0.04 −0.15 0.01 −0.23 −0.18 0.14 −0.50 −0.22 0.29 0.03 0.01
2 Nagaland, Manipur, Mizoram,

& Tripura
−0.01 −0.03 −0.14 0.04 0.14 −0.21 −0.14 −0.52 −0.25 0.05 −0.01 0.00

3 Sub-Himalayan West Bengal &
Sikkim

0.00 0.00 −0.01 0.12 0.00 −0.67 0.80 −0.23 −0.24 0.29 0.02 0.00

4 Gangetic West Bengal 0.01 0.00 0.01 0.06 −0.07 −0.13 0.10 0.12 0.41 0.10 0.01 0.00
Northeast India −0.02 0.01 −0.10 0.06 −0.06 −0.22 0.14 −0.32 −0.05 0.20 0.03 0.00
1871–1950
1 Assam & Meghalaya −0.07 0.05 −0.47 0.17 0.71 1.16 −0.15 −0.28 −0.02 0.66 0.03 0.00
2 Nagaland, Manipur, Mizoram,

& Tripura
−0.02 0.04 −0.60 0.17 0.15 0.25 −0.23 −0.43 −0.60 0.09 −0.03 0.00

3 Sub-Himalayan West Bengal &
Sikkim

−0.04 0.08 −0.07 0.18 0.42 −0.30 0.18 0.27 0.20 0.66 0.03 0.00

4 Gangetic West Bengal 0.03 0.02 −0.06 0.03 −0.20 −0.20 0.48 0.73 0.05 0.16 0.00 0.00
Northeast India −0.02 0.03 −0.42 0.16 0.26 0.64 −0.06 −0.12 −0.21 0.38 0.06 −0.01
1951–2008
1 Assam & Meghalaya −0.07 0.56 0.20 1.28 −2.03 −1.62 −0.74 −0.75 0.53 −0.51 0.00 −0.03
2 Nagaland, Manipur, Mizoram,

& Tripura
−0.08 0.22 0.36 0.56 0.88 −2.74 −0.55 −0.56 1.26 −0.82 0.01 0.01

3 Sub-Himalayan West Bengal &
Sikkim

0.00 0.19 −0.02 0.85 −0.05 −0.60 0.84 0.37 1.91 0.42 0.03 0.04

4 Gangetic West Bengal 0.03 0.17 0.20 0.38 1.19 1.06 1.44 0.77 0.00 −0.38 0.04 0.03
Northeast India −0.03 0.32 0.21 0.72 −0.20 −0.91 0.18 −0.17 0.77 −0.17 −0.07 0.01

Bold values indicate statistical significance at 95% confidence level as per the Mann–Kendall test (+ for increasing and − for decreasing).

month each. For SHWBS, Sen’s estimator is statistically
significant for three months. Of these, one month has
large positive value and one month has large negative
value. The Gangetic West Bengal subdivision has one
month with rising trend, which is statistically significant.
For the whole NE region, positive and negative values
were evenly balanced and the declining trend for only
one month is statistically significant.

Since the available data series was quite long (about
140 years), it was split in two parts, 1871–1950 and
1951–2008, to ascertain the temporal variation in trends
in the series. For the period 1871–1950, of the 48 slope
values, 17 were negative (declining trend). Although the
values of Sen’s estimator are comparatively larger, the
values for very few months are statistically significant.
Assam and Meghalaya subdivision has a large positive
value of the Sen’s estimator for the months of June
and October and these were statistically significant;
NMMT and SHWBS subdivisions had one rising and one
declining statistically significant trend and no trend value
was statistically significant for Gangetic West Bengal. For
the whole NER, positive and negative values were evenly
balanced and the declining trend for only one month was
statistically significant.

For the period 1951–2008, of the 48 slope values, only
16 had negative sign and many values were statistically
significant. Assam and Meghalaya subdivision had high
positive as well as high negative values of the estimator
and two positive and two negative values were statis-
tically significant. The subdivision of NMMT had very

high negative significant value for the month of June.
Most of the statistically significant values for the SHWBS
subdivision had high magnitude. For Gangetic West Ben-
gal, all the values (except one) were positive and the
values for two months were statistically significant. The
data for the whole NER had six months of positive Sen’s
estimator value and six months of negative value for this
period.

5.1.2. Trend analysis of seasonal rainfall

Trend analysis was also performed on seasonal scale to
examine if there are trends in the data at this scale.
Figure 2 shows the plots of seasonal and annual rainfall
for the region for the period 1871–2008; trend lines
for the data have also been drawn. It is noticed from
the figures that the rainfall for the monsoon season
has the least scatter among all the seasons. Annual
rainfall also does not show much scatter but rainfall for
winter and post-monsoon seasons have large variation
from one year to the other. For the period 1871–2008,
the various subdivisions had small positive or negative
trends in different seasons, but the trends were significant
only in three instances in monsoon and post-monsoon
(Table III). Of 16 slope values, 11 were negative. Among
the statistically significant values, one had a declining
trend and the other two had rising trend. In the monsoon
season, NMMT subdivision had high negative slope and
Gangetic West Bengal had high positive slope; both are
statistically significant. SHWBS subdivision had a small
positive significant slope in the post-monsoon season.
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Figure 2. Plots of seasonal and annual rainfall and trend lines for the region for the period 1871–2008. This figure is available in colour online
at wileyonlinelibrary.com/journal/joc

For the period 1871–1950, of 16 slope values, only
5 were negative and none of the subdivisions had
significant slope, although some of the values had high
magnitude. None of the slope values for the whole NER
was statistically significant.

Data for the period 1951–2008 showed high slope
values for the various subdivisions. Most notable were
the statistically significant positive slopes for Gangetic
West Bengal. For the whole NER, two seasonal slope
values were positive and two were negative. Thus, for
the whole NER, seasonal slopes were mostly negative
for the period 1871–2008, these were mostly positive
for the period 1871–1950, and were both positive and
negative for 1951–2008. But none of the slopes for the
whole region was statistically significant.

5.1.3. Trend analysis of annual rainfall

For the annual data of various subdivisions, three values
were negative and one was positive for the period
1871–2008, three values were positive and one was
negative for the period 1871–1950, and there was a

balance between negative and positive values for the
period 1871–2008. Among these, only one value was
statistically significant.

For the entire data series for the whole NER, the value
of the Sen’s estimator was −0.2, while it was 0.83 for the
period 1871–1950 and 0.66 for the period 1951–2008
(Table III). Intuitively, it is difficult to explain as to
why a large series shows a declining trend, but a rising
trend is seen when it is split into two parts. To explore
this behaviour, the statistical properties of the Sen’s
estimators were examined. In the Sen’s method, the
slopes of all data points are calculated and their median
value is the Sen’s estimator of slope. When the statistical
properties of the data are determined, it is seen that these
data have high skewness and they cannot be considered to
be normally distributed. If we compute the mean values
of the slopes for the entire series and the two parts of the
series, these turn out to be −0.116, 1.38, and −0.241,
respectively. These values give an intuitively reasonable
estimate because the whole series has a decreasing slope,
while the first part has a rising slope and the second a
falling slope.
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Table III. Sen’s estimator of slope (mm/year) for annual and seasonal rainfall.

S. No. Subdivision/region Annual Pre-monsoon Monsoon Post-monsoon Winter

1871–2008
1 Assam & Meghalaya −0.66 −0.23 −0.68 0.03 −0.01
2 Nagaland, Manipur, Mizoram, & Tripura −0.87 0.05 −0.94 −0.01 −0.05
3 Sub-Himalayan West Bengal & Sikkim −0.05 0.07 −0.37 0.04 −0.01
4 Gangetic West Bengal 0.97 0.08 1.01 0.02 0.03
Northeast India −0.20 −0.03 −0.39 0.05 −0.01
1871–1950
1 Assam & Meghalaya 1.47 0.37 0.83 0.03 0.04
2 Nagaland, Manipur, Mizoram, & Tripura −1.08 −0.21 −0.84 −0.03 0.01
3 Sub-Himalayan West Bengal & Sikkim 1.30 0.65 0.60 0.03 0.04
4 Gangetic West Bengal 1.15 −0.11 1.16 0.00 0.12
Northeast India 0.83 0.15 0.35 0.09 0.07
1951–2008
1 Assam & Meghalaya −3.01 −0.72 −2.92 −0.08 0.46
2 Nagaland, Manipur, Mizoram, & Tripura −0.32 1.85 −3.03 0.23 0.21
3 Sub-Himalayan West Bengal & Sikkim 2.96 0.77 1.93 0.10 0.18
4 Gangetic West Bengal 7.54 2.00 4.62 0.06 0.36
Northeast India 0.66 1.02 −0.93 −0.04 0.37

Bold values indicate statistical significance at 95% confidence level as per the Mann–Kendall test (+ for increasing and − for decreasing).

Figure 3 shows the Box and Whisker plots of Sen’s
slopes of the seasonal and annual rainfall time series.
The lower and upper ends of the box denotes the 25 and
75 percentile values, the line inside the box represents
the median, and the whiskers show the minimum and the
maximum values. For all the data series, the median line
is close to zero, implying that there is no clear trend in
the data. For all the five series in the figure, the distance
between the median to minimum is less than the distance
between the median to maximum. Thus, the variability of
the Sen’s slopes till the median is more at all timescales.

Overall, no clear pattern of the values of the Sen’s
estimator for rainfall for the NER of India has emerged,
either spatially or temporally, and thus, one can conclude
that the rainfall series for this region for the period
1871–2008 does not have any significant trend.

5.2. Trend analysis of temperature data

Figure 4 shows the plots of seasonal and annual maxi-
mum temperature as well as trend lines for the region
for the period 1901–2003. Among the seasons, the post-
monsoon season has the least scatter of the data, while
the winter season shows the most scatter.

Analysis of monthly maximum temperature for the
period 1901–2003 shows rising trend for all the months
and the trend is statistically significant for 10 months
as seen from Table IV. At the time, the minimum
temperature data had mostly increasing trend; three
months had increasing trend, which was significant and
two months had decreasing significant trend. For all the
months, the mean temperature had a rising trend, which
was statistically significant for five months. Temperature
range data also had rising trend for all the months, and it
was statistically significant for all but one month, which
implies that the range of temperatures is increasing.

As in the case of rainfall data series, the temperature
data were also split in two parts to ascertain the temporal
trends. For the period 1901–1950, all the temperature
variables, maximum temperature, minimum temperature,
mean temperature, and temperature range, had rising
trend (except one value). All the trend values for the
month of December were significant. For the period
1951–2003, the temperature variables had a mixture of
rising and falling trends, but the maximum temperature
had statistically significant positive slope for four months.

When we look at the trend of seasonal temperature
data (Table V), all the values have shown rising trend
and all the seasonal trends in maximum temperature and
mean temperature are statistically significant. Similarly,
the data for 1901–1950 are dominated by rising trend for
all the seasons, whereas a mixture of rising and falling
trends is seen for the data of 1951–2003.

Trend analysis of annual data showed that all the
four temperature variables had rising trend for the data
pertaining to 1901–2003 and 1901–1950, while the data
for 1951–2006 had either the falling trend or no trend.
For all the scenarios, the post-monsoon season had many
statistically significant values.

Figure 5 shows the Box and Whisker plot of slopes
of maximum temperature series. Here also, the mean
lies close to zero, showing no large trend in the data
at annual and seasonal levels. For all the five series in
the figure, the distance between the median to minimum
is nearly the same as the distance between the median
to maximum. Thus, the variability of the Sen’s slopes is
nearly uniformly distributed at all timescales. Note that
the range of variability of Sen’s slopes is more for the
winter season than for any other season or the annual
maximum temperature series.

The findings of this article are supported by the results
of a few recently published studies on trends in pan
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Figure 3. Plots of seasonal and annual maximum temperature for the region for the period 1901–2002; trend lines for the data have also been
drawn. This figure is available in colour online at wileyonlinelibrary.com/journal/joc

Figure 4. Box–Whisker plot of Sen’s slopes of seasonal and annual
rainfalls. Columns 1–5 refer to winter, pre-monsoon, monsoon,
post-monsoon, and annual, respectively. This figure is available in

colour online at wileyonlinelibrary.com/journal/joc

evaporation/reference evapotranspiration (ET0)/sunshine
duration/temperature from some sites of NE India as
reviewed earlier.

On the basis of the above, one can state that the
maximum and average temperatures in the region are
showing a rising trend and the increase is notably
significant in statistical terms for the post-monsoon

season (November and December). This behaviour of
the data indicates the presence of an element of seasonal
cycle in the temperature trends over NE India.

6. Summary and conclusions

Climate change is likely to affect all facets of life.
Decreasing rainfall, as expected, will result in decreased
water availability (Gosain et al., 2006). For India, the
affects on agriculture will be crucial. On the basis of
the experimentation at New Delhi, Aggarwal (2007) has
reported that a 1 °C rise in temperature throughout the
growing period will reduce the wheat production by
5 million tons. Kalra et al. (2008) found that the yield
of wheat, mustard, barley, and chickpea show sign of
stagnation or decrease following a rise in temperature in
four northern states of India. Of course, the extent of
decrease was different for crops as well as their loca-
tions. Bandyopadhyay et al. (2009) found a significant
decreasing trend in grass reference evapotranspiration all
over India during 1971–2002; Jhajharia et al. (2011) also
reported decreasing trends in reference ET over NE India.

An understanding of the spatial and temporal distribu-
tion and changing patterns in rainfall and temperature is
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Table IV. Sen’s estimator of slope (°C/year) for monthly temperature for northeast India.

S. No. Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1901–2003
1 Max. temperature 0.005 0.015 0.006 0.010 0.005 0.007 0.005 0.011 0.006 0.013 0.019 0.017
2 Min. temperature 0.000 0.007 0.002 0.000 0.000 −0.002 -0.003 0.000 -0.006 0.000 0.010 0.011
3 Mean temperature 0.002 0.011 0.004 0.005 0.002 0.003 0.001 0.005 0.000 0.007 0.015 0.014
4 Temperature range 0.007 0.007 0.005 0.009 0.005 0.010 0.007 0.011 0.013 0.011 0.007 0.007
1901–1950
1 Max. temperature 0.019 0.011 0.015 0.018 0.007 0.005 0.000 0.008 0.005 0.002 0.017 0.029
2 Min. temperature 0.007 0.005 0.014 0.008 0.011 0.008 0.000 0.000 0.004 0.004 0.000 0.019
3 Mean temperature 0.013 0.008 0.013 0.011 0.007 0.006 0.000 0.005 0.005 0.003 0.010 0.022
4 Temperature range 0.011 0.006 0.003 0.007 −0.005 0.000 0.000 0.007 0.003 0.000 0.021 0.013
1951–2003
1 Max. temperature −0.002 0.000 −0.011 −0.005 −0.008 0.006 0.010 0.011 0.003 0.014 0.029 0.014
2 Min. temperature −0.005 0.006 −0.004 −0.009 −0.009 −0.005 0.000 0.000 −0.008 0.000 0.024 0.009
3 Mean temperature −0.006 0.002 −0.008 −0.008 −0.010 0.000 0.006 0.007 −0.003 0.008 0.027 0.011
4 Temperature range 0.000 −0.009 −0.003 0.000 0.002 0.008 0.008 0.010 0.012 0.018 0.000 0.009

Bold values indicate statistical significance at 95% confidence level as per the Mann–Kendall test (+ for increasing and − for decreasing).

Table V. Sen’s estimator of slope (°C/year) for annual and seasonal temperatures.

S. No. Variable Annual Pre-monsoon Monsoon Post-monsoon Winter

1901–2003
1 Max. temperature 0.005 0.007 0.007 0.019 0.015
2 Min. temperature 0.000 0.002 0.000 0.011 0.000
3 Mean temperature 0.003 0.004 0.005 0.015 0.007
4 Temperature range 0.004 0.003 0.006 0.008 0.015
1901–1950
1 Max. temperature 0.005 0.011 0.004 0.017 0.008
2 Min. temperature 0.005 0.014 0.004 0.019 0.007
3 Mean temperature 0.007 0.011 0.006 0.017 0.008
4 Temperature range 0.000 −0.004 0.000 0.000 0.011
1951–2003
1 Max. temperature −0.006 −0.004 0.006 0.029 0.000
2 Min. temperature 0.000 −0.004 0.000 0.009 −0.005
3 Mean temperature −0.004 −0.006 0.002 0.018 −0.006
4 Temperature range 0.000 0.005 0.009 0.020 −0.005

Bold values indicate statistical significance at 95% confidence level as per the Mann–Kendall test (+ for increasing and − for decreasing).

a basic and important requirement for the planning and
management of water resources. This study has exam-
ined trends in monthly, seasonal, and annual rainfall and
temperature on the subdivision and regional scale for
the NER. Although there was large variability in mag-
nitude and direction of trend of rainfall data from one
meteorological subdivision to another, overall, no clear
pattern has emerged, either spatially or temporally. Trend
analysis of temperature data showed that all the four
temperature variables (maximum, minimum, and mean
temperatures and temperature range) had rising trend.

Despite numerous international negotiations, emission
of green house gases is continuously rising and land
use–land cover changes are showing no signs of sta-
bilizing. Hence, the future trends and variabilities may
be much larger than what has been observed so far and
the rise in temperature may be more pronounced. While

Figure 5. Box–Whisker plot of Sen’s slopes of seasonal and annual
maximum temperature. Columns 1–5 refer to winter, pre-monsoon,
monsoon, post-monsoon, and annual, respectively. This figure is

available in colour online at wileyonlinelibrary.com/journal/joc
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interpreting the results of trend analysis, it will be worth-
while to keep in mind the observations of Cohn and Lins
(2005): ‘that reported trends are real yet insignificant indi-
cates a worrisome possibility: natural climatic excursions
may be much larger than we imagine. So large, perhaps,
that they render insignificant the changes, human-induced
or otherwise, observed during the past century’.
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