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Introduction

Royal University of Bhutan

Rainfall brought by the Indian Summer Monsoon contributes to about 80% of the total annual

rainfall of South
Asla.

Changing frequency and pattern of rainfall consequently impact water security, and economy of
the region (Gadgil and Gadgil, 2006; Asoka et al., 2017; Mishra et al., 2020).

Goswami, $2012) and Sinha et al., (2018) refer the monsoon as a large-scale atmospheric
pattern controlled by its variability on a spatial and temporal scale - the Bay of Bengal branch
and the Arabian Sea.

The contribution of monsoon water through the two branches such as the Bay of Bengal and
the Arabian Sea to the Himalaya is variable from west to east (Medina et al.,2010).

The sparse spatio-temporal coverage of instrumental observations has limited our
understanding of such monsoon variability patterns.
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Warming trend Royal University of Bhutan

since 1910 since 1960 since 1990

Bhutan W 1.5 W

Nepal 0.8 1.6 2.3
Bangladesh 0.7 1.1 2.0
Myanmar 0.7 0.8 2.2
India 0.8 1.4 2.2
China 1.1 1.9 1.5
Asia 1.3 2.5 3.1
North Hem. 1.2 2.5 3.6
World 1.1 2.2 2.7

Hoy et al (2009) 5 ccented by Dr. Om Katel
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Climate Change situation in Bhutan
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Climate change is unequivocal and no longer &
a future phenomenon (Baird, 2008;
MacGregor, 2010; Pachauri et al., 2014).

Eastern Himalayas: experiences significant

impact of climate change (Xu et al, 2009; 2.
Maskey et al. 2011; Marzeion et al. 2014).  *
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Temperature area mean of Bhutan for 1901-2012, based on
data provided by the BEST project.

Black line: centred 11-year running mean values; coloured
bars: monthly moving 12-month air temperature anomalies
relative to 1951-1980, red colours indicate positive, blue
ones negative deviations; scaling of the y-axis is orientated at
one standard deviation (STD) of 1901-2012 (0.36)
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Climate change projections for Bhutan Royal University of Bhutan

Parameters Projections for Bhutan
f
Mean annual temperature by 2.1-2.4 °C over 2040-2069
f
Mean summer temperature Tby 2.8 °C over 2040-2069
Mean winter temperature tby 2.1 °C over 20402069
Mean annual precipitation by 20% over 2040-20609,
T
Monsoon mean total precipitation by 350-450 mm/season from 1980 to 2069
Winter mean total precipitation by about 5 mm/season from 1980 to 2069

8 Source: NEC (2011), Chogyel and Kumarr, (ZOJ:DBr‘Z_\sente d by Dr. Om Katel
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~._Land cover change 1996 - 2017
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Land cover classes Area - 1996(%0) Area - 2010 (%0) Area - 2017 (%)
Snow glaciers 2534 (23.8) 1598 (15.0) 1238 (11.6)
Rock bare land 935 (8.8) 1221 (11.5) 1589 (15.0)
Grassland pasture 497(4.7) 638 (6.0) 710 (6.7)

Forest 6310(59.2) 6904 (65.0) 6711 (63.0)
Agricultural land 359(3.4) 259 (2.4) 371 (3.5)

Others 20(0.2) 35 (0.3) 36 (0.3)
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Evidences of climate change impacts being felt in Bhutan
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Extreme weather events Year Impacts
Glacial lake outburst (GLOF) flash flood 1994 Damaged 965 acre of agricultural land
Rice blast epidemic 1996 80-90% crop loss in high altitudes
High-intensity monsoon rain, nationwide 2004 Damaged 39 irrigation channels
Northern corn blight 2007 > 50% crop loss in high altitudes
Damaged maize crops of 320 hhs in
Unusual windstorm 2008 Eastern Bhutan
Cyclone Aila/flash flood 2009 > 100 acre land washed away
Affected 809 acre of land, damaged
Flash flood and landslides 2010 Irrigation channels
Hailstorm in Punakha 2012 30-40% rice crop damaged
> 100 acre maize crop damaged, erosion
High-intensity rain/windstorm 2013 2013 and damaged irrigation structures
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Annual water balance of major land use systems
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 Figure: show positive water balances
with decreasing values northwards.

* A positive water balance dominates in
areas covered by broadleaf forest and
mixed conifer forests, except that a very
small or negative water balances in the
valleys with Chir pine forest.

» The alpine areas (above 2800 m) respond
faster to climate change.
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Plenty versus Scarcity
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Scarcity
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Climate Change and Its impacts on spring water  Royal University of Bhutan

v' Springs, one of the major sources of water for drinking and irrigation, are
reportedly depleting.

v 2.3 % already dried up and 34.1 % are drying in Bhutan (recent reports)
v" The drying up of the springs have further worsened the hardships faced by
the people leading to rural-urban migration increasing fallow land and

lowering of food production

v" Colonization of fresh water ecosystems by invasive species which have
significantly increased (Recent Surveys)
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Climate Change and Its impacts on Ecosystem services Royal University of Bhutan

v' Climate change can disrupt the provision of various ecosystem services
from forests - vital to sustain rural livelihoods and national development

v’ Losing forest - Livelihood lost - dependence on the various ecosystem
services ~ such as forest products for food, shelter, medicine and other

daily needs.

v" Need for better preparedness towards the impact of climate change
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Climatic change as a driver for forest fires in Bhutan
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Climatic changes are likely to alter ecosystem services significantly and in
mountainous region the iincidences is predicted to be higher.

Fire hazards is likely increase significantly in Bhutan (Vila-Vilardell et al, 2020).
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.. Climate Change and Its impacts on Ecosystems Royal University of Bhutan
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v’ Treeline shifts Bluepine (Pinus wallichiana) encroachment into
spruce/maple/birch forests is observed.

v The strong correlation between the upper limit of evergreen broad-leaved

species and the winter temperature Is also reported (Wangda & Ohsawa
2006a & b).

v In the Alpine ecosystem Juniper scrub forest is increasing in area while the
availability of alpine plants (eg: Picorrhiza kuroo, Gentiana urnula and
Fritillaria spp.) are decreasing.
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Households Facing Challenges for Food Security

1% = Labour shortage

R

4% 2%\1% m Crop damage by wild animals

m |nsufficient irrigation supply

= Pest and diseases

® Unproductive land
® Limited access to market
= Shortage of Land
= Hail storms
~ Drought
Excessive rainfall

w landslide & soil erosion

Source: ‘]igme’ T. (2021) Presented by Dr. Om Katel

23



S W

p‘lylcatlons of Climate Change Impacts to Natural Resources
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Water resource:

Water scarcity: although Bhutan is rich in water resources

Natural Hazards:

Flash floods and landslides are projected to increase in the future and hydropower plants are at risk.
Forests and Biodiversity:

Phenology and distribution are projected to change and introduction of alien invasive species

Agriculture and human health:

Food security Is projected at risks as more and more food is being imported, as climate change affected
agricultural productivity and hence increasing the cost of food, since their own fields did not provide enough

to feed the family.
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