
Abstract

Most South Asian countries receive up to 70–80% of their annual rainfall from June to September
during the southwest monsoon. Most economic sectors, including agriculture and water resources, are
heavily dependent on monsoonal rain. Recently, however, the southwest monsoon has been showing
abnormal behavior with regard to, for example, the dates of onset and withdrawal and the occurrence
of high frequency rainfall events. In the present study simulations of General circulation models
(GCMs) from Coupled Model Intercomparison Project Phase 5 (CMIP5), along with Climatic
Research Unit and Global Precipitation Climatology Centre gridded datasets, have been used to
quantify past rainfall and temperature changes during the monsoon season, and to project them to the
end of the 21st century. Past climate in eight South Asian countries during four climatological mean
periods, 1901–1930, 1931–1960, 1961–1990, and 1991–2005,was analyzed, and future scenarios
were constructed for 2006–2099. Most countries experienced a cooling trend during 1901–1930,
whereas rainfall showed an increasing trend except in Bangladesh and Bhutan. After 1960,
temperatures tended to increase, and the rate of warming became high during 1991–2005. The
warming rate during 1991–2005varied from country to country, with the highest rate recorded in
Afghanistan (ca. 0.10 °C year–1) followed by Bhutan (ca. 0.08 °C year–1), and the lowest rate (0.02 °C
year–1) recorded in Sri Lanka. During these years, Bhutan, Sri Lanka, India, and Pakistan experienced
decreasing rainfall, whereas rainfall increased in Afghanistan, Nepal, and Bangladesh. A CMIP5
multi-model ensemble (MME) approach was used to predict future possible climate changes for each
country by using four different Representative Concentration Pathway (RCP) scenarios. The
warming trends projected by the MME varied over a wide range, depending on the RCP: 0.4–5.8,
0.6–3.8, 0.5–4.1, 0.4–4.1, 0.5–3.5, 0.3–3.9, and 0.6–5.0 °C, for Afghanistan, Bangladesh, Bhutan,
Nepal, Sri Lanka, India, and Pakistan, respectively, at the end of the 21st century. Irrespective of the
RCP, the MME results projected increases in rainfall in most South Asian countries, particularly in
Nepal, Bhutan, and India, but Afghanistan and Pakistan were projected to experience a nominal
decreasing trend during 2006–2099.
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1. Introduction

Climate change and global warming have jointly emerged as one of the most widely discussed
environmental issues of our time, and they attract public attention globally. Although climate
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change is a global issue, its diverse and often adverse impacts on ecosystems, agricultural
productivity, water resources, and socio-economic activities are felt on regional and sub-regional
scales. Many countries in the world have already, either individually or as part of a regional
collaboration, taken the initiative to address this issue. Stakeholders at many levels are
demanding accurate estimates of country-scale past and future climate changes for contingent
and long-term planning at both national and regional levels. In addition to meteorological
observations, simulations performed with general circulation models (GCMs) and regional
climate models (RCMs) are valuable for quantifying historical climate change signals and
projecting future changes at both regional and sub-regional scales. For example, Das and Lohar
(2005) estimated global climate information to generate local climate changes in eastern India
through statistical downscaling and Loo et al. (2015) used thermometric records to study the
connection between global warming and monsoon rainfall over South Asia and found that
rainfall distribution is dependent on neighboring weather system of South Asia.

South Asia, which is the most densely populated geographic region in the world, comprises
eight countries: Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, and Sri
Lanka (Fig. 1). These countries also compose the South Asian Association for Regional
Cooperation (SAARC), although Afghanistan did not join SAARC until 2006. According to the
study by Desai et al. (2002) and Encyclopedia Britannica, Asian Continent, the boundaries of
South Asia are not all clear cut, but it covers approximately 4.4 million km2, which is 10% of the
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Fig. 1 Study area showing the South Asian domain (0–40˚N, 60–100˚E), which comprises eight
countries: Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, and Sri Lanka.



Asian continent and 3.3% of the world’s land surface area. In addition, about 45% of the
population of Asia (and over 25% of the world’s population) lives in South Asia. The South
Asian climate is varied: some places receive extremely high amounts of rainfall (e.g.,
Cherrapunji, located in one of the North-East state of India named as Meghalaya), other places
such as Thar (India and Pakistan) and parts of Afghanistan are deserts or semi-deserts, and
mountainous areas such as the Himalayas have huge glaciers. The northeastern part of South
Asia is dominated by the Himalayas, including Mt. Everest, the world’s highest mountain, and
the southern part is occupied mainly by the plains of the Deccan Plateau. Three major water
bodies (the Arabian Sea, the Bay of Bengal, and the Indian Ocean) enclose peninsular South
Asia. The climate of this vast region varies considerably from country to country and even from
place to place within a country. Its major climatic zones range from tropical monsoon in the
south to temperate in the north. In 2003, the United Nations Environment Programme (UNEP,
2003) reported that South Asian regions are among the most disaster prone in the world. The
Third Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) predicted
that the area-averaged annual mean warming over the land regions of Asia would be about 3˚C
during the 2050s and about 5˚C during the 2080s as a result of future increases in the
atmospheric concentrations of greenhouse gases (Lal et al. 2001). The rise in surface air
temperature was projected to be most pronounced over boreal Asia in all seasons. These
projected temperature increases are particularly alarming because the glaciers in the mountains
of South Asia are vulnerable to rapid melting, which will increase the frequency of glacier lake
outburst floods, whereas coastal regions will experience intensified cyclonic activity, frequent
storm surge, and decreases in the availability of adequate fresh, drinkable water as a result of
saltwater intrusion and sea-level rise. At present, very few scientific studies have attempted to
construct country-specific climate change scenarios by using the results of simulations
performed with advanced models available in the Couple Model Inter-comparison Project, phase
five (CMIP5). Past and present climate trends in South Asia are characterized by increasing air
temperatures, and these increases are more pronounced during winter than in summer. According
to Gruza and Rankova (2004), IPCC (2007) and Savelieva et al. (2000) reported that during
recent decades, temperatures have increased at a rate between 1 and 3˚C per century in some
parts of Asia, and surface air temperature increases have been most pronounced in northern Asia.
Although the climate of South Asia shows wide variation both spatially and on inter-seasonal
and inter-annual timescales, studies have in general found a decreasing trend in precipitation,
especially in coastal belts, on the arid plains of Pakistan and Afghanistan, and in some parts of
northeastern India. In Bangladesh, however, an increasing rainfall trend has been observed. Cruz
et al. (2007) have summarized the temperature and precipitation changes in some counties of
South Asia, based on the outputs of CMIP phase 3 GCMs (Table 1).

The frequency of intense rainfall events in many parts of Asia has increased and, as a result,
the occurrence of severe floods, landslides, and debris/mud flows has increased in some South
Asian countries (Cruz et al., 2012) .The economies of most South Asian countries are heavily
dependent on agricultural activities, which in turn are highly dependent on monsoonal rainfall.
The southwest monsoon accounts for 70–80% of the annual rainfall in most countries of South

43Ensemble-based CMIP5 Simulations of Monsoon Rainfall and Temperature Changes over South Asia



Asia. The timely occurrence of the southwest monsoon and the monsoonal rainfall distribution in
different months are very important, because both air temperature and rainfall amounts greatly
influence seasonal crop yields. Moreover, South Asian countries have steadily increasing
populations, which translates into a huge increase in the demand for food grains. In addition,
alarming climate change impacts include significant declines in the productivity of most major
crops. Therefore, reliable climate change scenarios need to be generated for each country so that
long-term national climate change policies can be established and suitable strategies for
adaptation and mitigation to projected changes can be developed.

Rainfall in most South Asian countries depends on "large-scale seasonal reversals of the wind
regime" referred to as monsoons (Barry and Chorley, 2009). The word ÅgmonsoonÅh is derived
from the Arabic word mausim, meaning season. Monsoon winds are caused by differential
heating of the land and ocean. The following is a short explanation of how large-scale monsoon
circulation takes place. In summer, land areas in the Northern Hemisphe regain heat more rapidly
than the ocean. As a result, the warm air rises, causing low-pressure areas to form over the land
surface, so cold moist air from the ocean advects into these low-pressure layers. On a local scale,
this phenomenon is called a sea breeze. In addition to differential heating, the Inter-tropical
Convergence Zone also plays a major role in monsoonal circulation. The monsoon climate over
South Asia is operated by regular oscillation of a tropical convergence zone (TCZ) in both hemi
spheres. The TCZ shifts across the equator seasonally in a manner largely determined by the
earth’s rotation and insolation. When it moves north of the equator, it draws winds from the south
that become southwesterly after the equator is crossed. These winds bifurcate into an Arabian
branch and a Bay of Bengal branch. The Asia monsoon season as two main components: the
South Asia monsoon system and the East-Southeast Asia monsoon system. In these systems, the
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Table. 1 Key climate change signals observed in five South Asian countries (data from Loo et al., 2015).



summer winds together with the associated rain are referred to as the summer (or southwest)
monsoon, which blows from late May to September. The other main monsoon regime is the
northeast monsoon (winter monsoon), which blows from November to March. October is a
transition month between the southwest and northeast monsoon seasons (Cruz et al., 2012). The
monsoon climate of South Asia is greatly regulated and influenced by the El Niño southern
oscillation (ENSO), although the nature of this influence is not well studied and still
controversial. El Niño years, the South Asian climate is drier from that of normal years. Study by
Cruz et al. (2007) indicated that the production of rice, maize, and wheat has declined in recent
decades in many parts of Asia owing to increasing water stress, in part due to increasing
temperatures, the increasing frequency of El Niño events, and fewer rainy days. Most studies of
South Asia have reported gradual changes in the temporal distribution of rainfall. Averaged
annual rainfall has decreased by 7.5% in South Asia (significant at the <1% level) during
1900–2005. Droughts have become more common, especially in tropical and mid latitude
regions, since the 1970s (IPCC, 2007). Increased temperatures and decreased precipitation over
land areas enhance evapotranspiration and drying of the land surface, which has caused droughts
in many regions. Since 1970, fewer cyclones have originated in the Bay of Bengal and the
Arabian Sea, but the intensity of cyclones has increased (Ali, 1999); consequently, damage
caused by intense cyclones has risen significantly in India and in neighboring coastal countries.
In most coastal areas of Asia, the current rate of sea-level rise is between 1 and 3 mm/year, which
is slightly higher than the global average.

IPCC (2007) projections show that drier subtropical regions are warming more than the
moister tropics, and warming is likely to be above the global mean in South Asia. The projected
warming was comparatively less (i.e., similar to the global mean) over Southeast Asia, and larger
over South Asia and East Asia; the greatest warming was projected for continental Asia (Central,
West, and North Asia). Liu and Chen (2000) have proposed that the Himalayas are warming at a
faster rate than the global average, especially at higher elevations. In all these regions, the
frequency of extreme events may be affected by seasonal and inter-annual fluctuations of large-
scale climate variation patterns such as ENSO and the North Atlantic Oscillation (Schwierz et
al., 2006). An increase in the occurrence of extreme weather events, including heat waves and
intense precipitation events, is projected for South Asia (Lal et al., 2000), along with an increase
in the inter-annual variability of daily precipitation during the Asian summer monsoon (Lal et
al., 2000; May et al., 2004). Moreover, the area suitable for rainfed agriculture is expected to
decrease, significantly reducing the productivity potential of the land in many continental areas
(Fischer et al., 2002).

In the IPCC Fourth Assessment Report (IPCC, 2007), the focus is on changes in monsoonal
rainfall and temperature over parts of South Asia, but a clear and reliable picture that can be
confidently used as a guideline for policy making by individual countries of South Asia is
lacking. Keeping in mind all available information, research gaps and taking into account the
importance of highly sensitive and vulnerable regions of the South Asia, the major objective of
present study is to construct an ensemble-based past and future climate change scenarios for each
country of South Asia by using the outputs of the latest generation IPCC-CMIP5 GCM
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simulations. In addition, multiple sources of observation data were used to depict historical
rainfall and temperature change signals. Moreover, the future projections were obtained by using
four Representative Concentration Pathway (RCP) scenarios for greenhouse gases. Therefore,
the results of this study may be reliably used as basic climatic input for national-level policy
making and long-term decision taking.

2. Data

Past rainfall and temperature changes in South Asia were reconstructed from the following
data sources. Monthly data sets from the Climate Research Unit (CRU;
http://www.cru.uea.ac.uk/cru/data/hrg/), which are based on data from over 4000 individual
weather stations globally, were used for past temperature information during 1901–2005. The
CRU data are gridded and have a resolution of 0.5˚ latitude x 0.5˚ longitude. For precipitation
data, monthly precipitation data sets from the Global Precipitation Climatology Centre (GPCC;
http://www.esrl.noaa.gov/psd/data/)for 1901–2005were used.

Future climate change scenarios were generated by using the outputs from the IPCC Fifth
Assessment Report (AR5), which was published in September 2013 (IPCC, 2013). AR5 includes
four RCP scenarios for future greenhouse gas concentrations. RCP8.5 projects there to be >1370
ppm (parts per million) CO2 equivalent in the atmosphere by 2100 and a continued rise after
2100; in RCP6.0, the CO2 equivalent concentration stabilizes by 2100 at 850 ppm without any
overshoot; in RCP4.5, the CO2 equivalent concentration also stabilizes by 2100 but at 650 ppm
without overshoot; and in RCP2.6, the CO2 equivalent concentration peaks at 490 ppm before
2100 and then declines. These four RCPs were used with the CMIP5 simulations to estimate
probable future temperature and precipitation changes to the end of the 21st century for each
country in South Asia under various climate scenarios. 

3. Methodology

The non-parametric Mann-Kendall test (Pant and Rupa Kumar, 1997; May, 2004) and simple
linear regression analysis were utilized to assess the country-scale temperature and rainfall
trends respectively for monsoon consisting months from June to September. The Mann-Kendall
test, which is widely used in climatological analysis (Libiseller and Grimvall, 2002; Karabulut et
al., 2008), examines whether a random response variable increases or decreases monotonically
with time. In this test, the null hypothesis of randomness (H0) states that the data (x1, . . .xn) are
samples of n independent and identically distributed random variables. The alternative
hypothesis Ha is that the distributions of xk and xj are not identical for all k, j ≤ n with k ≠ j.
Under H0, the Mann-Kendall test statistic is calculated by using the following equations (Kahya
and Kalayci, 2004):
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S is asymptotically distributed, and the mean and variance of S, for the situation where there
may be ties in the x values, are calculated as

where p is the number of tied groups in the data set, and tj is the number of data points in the
jth tied group. If n is greater than 10, the normality approximation is good provide done employs
the standard normal variate Z given as

Thus, the null hypothesis is rejected at significance level α if |Zs|>Zcrit, where Zcritis the
value of the standard normal distribution with an exceedance probability of 2α. A positive value
of Z indicates that the trend is upward, whereas a negative value indicates a downward trend in
the tested time series (Lazaro et al., 2001; Önöz and Bayazıt, 2003; Kahya and Kalayci, 2004).
Statistically significant trends are generally reported at the 95% confidence level (α= 0.05, two-
tailed test). For analysis of past climate change based on the CRU data and to clearly visualize
how the mean climate over South Asia is changing with the passage of time, the past  time period
of 1901–2005 was divided into four climatological mean periods: 1901–1930 (first period),
1931–1960(second period), 1961–1990 (third period), and 1991–2005 (fourth period). Although
the first three periods are each 30 years long (the typical climatological duration), the fourth
period includes just 15 years.

Similarly, future climate change scenarios were constructed by using the four RCPs available
in CMIP5. Not all CMIP5 models provide results for all of the RCPs, so we considered only
those GCMs providing outputs for all four RCPs. As a result, we used nine GCMs for generating
future temperature scenarios and 21 GCMs to generate future precipitation scenarios. Future
country-scale trends were generated by using methods similar to those used to generate the past
trend analyses. For temperature, nine trends were generated by the nine GCMS for each RCP and
each of the seven countries (excluding the Maldives), and for precipitation 21 trends were
generated by the 21 GCMs for each RCP and each country. Individual models may overestimate
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or underestimate the observed true mean climate; therefore, we used a multi-model ensemble
(MME) of all of the employed models (nine for the temperature ensemble and 21 for the
precipitation ensemble) (Benestad, 2005). In this study, we used the simple multi-model average;
that is, the results of all models were averaged by assigning equal weight to the output of each
GCM. In this way, we determined the MME values for each country for each of the four RCPs.
The significance of the trends produced by all models was calculated at the 95%level.

4. Results and Discussion

1) Past Scenario
Past warming or cooling trends, expressed as ˚C, during the four periods are listed by country

in Table 2. Interestingly, all of the countries except Bangladesh showed a decreasing trend in
temperature during the first climatological period. The cooling trend was significantly high in
Afghanistan (–0.041 ˚C year–1), and it was lowest in Sri Lanka (–0.003 ˚C year–1) (Table 2).
During the second period (1931–1960), Bangladesh did not show any trend, whereas Bhutan
(–0.012 ˚C year–1), Pakistan (–0.001 ˚C year–1), and Afghanistan (–0.016 ˚C year–1) showed
nominally decreasing temperature trends. India and Sri Lanka both showed warming trends of
0.001 and 0.004 ˚C year–1, respectively, but the trends were not significant even at the 95% level.
In the third period, all countries except Pakistan showed an increasing trend, with Afghanistan
showing the highest trend (0.039 ˚C year–1). During 1991–2005, all countries experienced rapid
warming; the warming rate was highest in Afghanistan, followed by Bhutan and India.
Interestingly during these15 years, India experienced an moderate temperature increase of 0.05
˚C year–1, a nominal value compared with that in other countries, though the change was not
significant at the 95% level.

The spatial distribution of warming/cooling trends in the whole South Asian region during
each of the four periods is shown in Fig. 2. In the first period, the cooling trends were
comparatively strong in a V-shaped region in the northern part of the domain (Fig. 2a). In the
second period, the strong cooling trend in the north central part of the domain largely
disappeared, but appeared in southern part of India (Fig. 2b). In the third period, strong cooling
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Table. 2 Past monsoon temperature trends (˚C) in each country in each the four climatological periods



patches were found in the western Himalayas, north central India, extending up to the Tibetan
Plateau, and also in Pakistan, and the magnitude of the warming was higher (Fig. 2c). In the
fourth period, steep warming trends were observed over almost all of South Asia, but the warming
rate was higher in the northeast, as well as in parts of Bhutan and northeastern India (Fig. 2d).

At the beginning of the 20th century (i.e., during the first climatological period), India and Sri
Lanka experienced higher rainfall enhancement (ca. 50 mm 30 yr–1). However, the trend was not
statistically significant. Bhutan experienced decreased rainfall (ca. 140 mm 30 yr–1) in the same
period, and Bangladesh also showed a rainfall reduction of 50 mm. The rainfall changes during
the second climatological period (1931–1960) were almost the opposite; Bhutan and Bangladesh
received increasing rainfall at the rates of ca. 235 and ca. 80 m mm 30 yr–1 respectively, whereas
Sri Lanka and Nepal experienced decreasing rainfall at ca. 20 and 50 mm, respectively. In the
third period, rainfall showed an increasing trend in all South Asian countries except Sri Lanka.
The increasing trend in Bhutan, ca. 180 mm 30 yr–1, was highly significant at the 95% level,
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Fig. 2

(a) (b)

(c) (d)



whereas the trends in the other countries were not significant even at the 95% level. During the
fourth, 15-year period, declining rainfall trends in India, Pakistan, Sri Lanka, and Bhutan, and
increasing trends in Nepal and Bangladesh, were observed. The rainfall change rates (shown in
mm/year) during the four climatological periods are displayed in Table 3.

In the GPCC data, rainfall trends were strongly increasing (10 mm year–1) over central and
central-eastern India during 1901–1930 (Fig. 3a), and during the next 30-year period
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Table. 3 Past monsoon rainfall trends (mm) in each country in each of the four climatological periods

Fig. 3

(a) (b)

(c) (d)



(1931–1960), these regions received decreasing rainfall. Increasing trends were observed over
the western and eastern Himalayas and the Western Ghats in India during this period (Fig. 3b).
During 1961–1990, the rainfall trend was decreasing in the western Himalayas as well as in
north-central India, whereas the trend was increasing in northeastern India and the upper part of
the southern peninsula (Fig. 3c). In the fourth period, adjoining patches of dryer and wetter
regions were observed over central and western India (Fig. 3d).

2) Future Scenario
The future temperature warming trends projected by the nine selected models (see Table 4)

using the four RCPs for seven countries are presented in Table 5.The predicted temperature
trends depended upon the model and the RCP scenario. With the RCP2.6 scenario, the IPSL-
CM5A-MR model simulated a decreasing trend in all countries except Sri Lanka, whereas
MIROC5 predicted that temperatures would decrease in Afghanistan, India, Nepal, and Pakistan.
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Table. 4 TheCMIP5 GCMs used for future projections. Italics indicate models used for the temperature analysis.
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Table. 5 Simulated temperature trends for (Deg C 93 years–1) for each country and each of the RCPs
during 2006–2099



With the RCP4.5 scenario, the bcc-csm1-1 and MIROC5 models both simulated significant
decreasing trends in Afghanistan, Bhutan, Nepal, and Pakistan, and bcc-csm1-1 also simulated a
decreasing trend in India. With the RCP6.0 scenario, MIROC5 and bcc-csm1-1 again predicted
decreasing trends in Afghanistan, Bhutan, India, Nepal, and Pakistan. With the RCP8.5 scenario,
only MIROC5 predicted decreasing trends only over Pakistan and Afghanistan; all other models
projected steep increasing trends varying from 1.00 to 8.88 ˚C in all countries. The country-wise
temperature changes projected by the MME of the nine models from 2006 to 2099 are presented
in Fig. 4. Afghanistan and Pakistan are projected to experience the largest temperature changes
during 2006 to 2099.
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Fig. 4 Ensemble-based future projections of temperature for each country and for each RCP during 2006–2099.



Future rainfall trends projected by the MME-based time series using 21 GCMs for each of the
four RCPs are displayed in Fig. 5 for each country and magnitudes of trends are summarized in
Table 6. With the RCP2.6 scenario, the MME projected highly significant increasing trends of
28.5, 77.4, and 107.2 mm during 2006–2099 in India, Nepal, and Bhutan, respectively, but no
significant trends were projected in Pakistan and Afghanistan. With the RCP4.5 and RCP6.0
scenarios, which assume stabilization of the greenhouse gas concentration, increasing monsoon
rainfall was projected in all South Asian countries except Afghanistan. The highest significant
increasing trends of rainfall were projected for Bhutan, 201.4 mm with RCP4.5 and 186.6 mm
with RCP6.0, and the smallest increasing trends, 6.3 mm with RCP4.5 and 8.8 mm with RCP6.0
were projected for Pakistan. With RCP8.5, the MME projected increasing trends in all countries.
Similar to the other RCPs, with this extreme scenario, higher trends were projected in Nepal and
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Fig. 5 Ensemble-based future projections of precipitation for each country and each RCP during 2006–2099.



Bhutan and smaller trends were projected on Pakistan. The magnitudes of the trends were higher
than the trends projected with the other RCPs, and they were all highly significant, except that
for Afghanistan.
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Table. 6 Simulated rainfall trends (mm 93 years–1) for each country and each of the RCPs during 2006–2099
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5. Conclusion

Past temperature trends were decreasing in almost all South Asian countries except Bangladesh
during 1st climatological period. Increasing trends were observed after 1960 in most South
Asian countries, and the rate of warming was highest during the 15 years from 1991 to 2005. The
gradual tendency toward increasing temperature trends from the mid-20th century is attributed to
anthropogenic activities and the industrial revolution. The highest warming rate of 0.10 ˚C year–1

was observed in Afghanistan, whereas the island country surrounded by the seas, Sri Lanka,
showed the smallest warming trend of 0.02 ˚C year–1 during 1991–2005. All models except
IPSL-CM5A-MR and MIROC5 with RCP2.6 projected warming in all South Asian countries.
Interestingly, MIROC5 projected cooling trends with all RCPs in most countries. Overall, future
temperature trends projected at the end of the 21st century by the MME had a wide range
depending on the RCP: 0.40–5.80, 0.60–3.80, 0.49–4.07, 0.44–4.12, 0.55–3.55, 0.34–3.90, and
0.56–5.02 ˚C for Afghanistan, Bangladesh, Bhutan, Nepal, Sri Lanka, India, and Pakistan,
respectively.

With regard to past precipitation, in the GPCC data, monsoon rainfall in India and Pakistan
showed increasing trends during the first three periods of the 20th century, but a decreasing trend
during the 15 years from 1991 to 2005. In Sri Lanka, the trends were negative except in the first
period, whereas the opposite was the case in Bangladesh. In Bangladesh, trends were positive
during the last three periods, and the trend during 1991–2005 was much higher than in other
countries. Afghanistan faced increasing trends in all four periods, but the magnitudes of the
trends were much smaller compared to those in other countries. Increasing trends were observed
in Nepal in the last two periods, but a high decreasing trend was observed in Bhutan during the
fourth period. From 2006 until the end of the 21st century, with all RCPs, a highly significant
(95%) increasing trend was projected in India, Nepal, and Bhutan. The MME-based projected
enhancement of future precipitation in India ranged from 0.303 to 1.211 mm year–1, whereas it
was 0.823–3.435 mm year–1 in Nepal and 1.140–3.786 mm year–1 in Bhutan. With all RCPs
except RCP2.6, highly significant positive trends were projected in Bangladesh (0.84–2.056 mm
year–1) and Sri Lanka (0.594–1.375 mm year–1). In Pakistan, the trend was insignificant and the
projected change was nominal with all RCPs except RCP8.5.With both stabilization scenarios,
RCP4.5 and RCP6.0, a rainfall deficit was projected for Afghanistan at the end of the 21st
century. 
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