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MESSAGE

Climate change has emerged as the greatest threat to the survival of life
on the planet earth. The Paris climate accord has been an important step and
the agreement on making effort for containing the global rise in temperature
to 1.5% C by 2050 is significant but the initial trend in the last two years have
defied the expectations on this count. Against this back drop, the recent study
for Meghalaya indicating that the per capita emission from the State s
amongst the lowest not only in the country but possibly amongst the lowest as
compared to any region in the waorld is very heartening for us.

Mcghalaya is blessed with rich biodiversity, high rainfall and diverse
landscapes. People in the State have lived in symbiotic relatianship with the
ecosystems and derived their livellhoods from the natural resources,
sustainably, since ages. But the sustainability of our natural ecosystems could
be under serious threat on account of climate change. Consequences of
climate change have potential to disrupt livelihoods of lakhs of our people in
the villages and also to diminish productivity of our natural ecosystems beyond
critical levels. We need to lake cognizance of this emerging reality with a
sense of urgency and also need to take appropriate measures for reorienting
our policies, programmes and adaptation actions on the ground to the extent
necessary,

Scientific and analytical approaches are always helpful in sound decision
taking. | am happy to see that an effort has been made by Meghalaya Basin
Development Authority for mapping vulnerable areas of the State from the
climate change point of view by using latest computer models in collaboration
with a premier institution of the country. | hope that findings of this study
would lead to a better understanding of climate change phenomenon in the
State and would help in prioritizing of our actions for adaptation to climate
change, | compliment the scientists of IIT Gandhinagar and officials of
Meghalaya Climate Change Cenler, MBDA for bringing out this useful report.
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FOREWORD

Meghalaya's diversity of biological resources and landscapes Is well known.
Mountainous terrain and high rainfall are the other distinguishing features which
define the contours of bio-physical conditions and livelihood pattern in the State.
Amidst the bountiful nature and endowments such as high rainfall and high density of
water streams and springs, there are concerns of fast changing land use and land
cover in the State marked by snitting cuitivation and mining activites  Clirmate
change, which is a global reality, has already started to show its signs in several
ways such as warming, climate variability, extreme events in the State. Changes of
anthropegenic nature and climate change are perceived as the greatest challenges
to the sustainability of natural resources and livelihood of the people in the State

Meghalaya has reasons to be concerned about the Impacts of climate change as its
large segment of population depends on climate sensitive sectors such as
agriculture, water, livestock and forestry for their livelihoods. Studies have shown
that climate change and its impacts are more preonounced in the mountains.
Therefore other sectors such as health, urban habitats, infrastructure and economy
of the State as a whole are threatened with dire consequences of climate change.

While we prepare ourselves to face the impacts of climate change and take actions
to adapt to it, our planning and strategies should be based on all passible scientific
data and studies. In this context. | am happy to see that at the initiation of
Meghalaya Climate Change Centre under MBDA, a study titied "ldentification of
climate vulnerability hotspots in Meghalaya using high resolution climate
projections” has been done by the Water and Climate Laboratory, Indian Institute of
Tachrelogy Gandhinagar, for the Government of Maghalaya. | sm sure findings of
this study will be of immense use not only in effective planning of our adaptation
actions to climate change but also provide important inputs in development planning
to almost every Department.

I compliment Head of the Water and Climate Laboratory of Indian Institute of
Technology Gandhinagar and his team for accomplishing this important study for
Meghalaya. | also congratulate officials and Scientists of Meghalaya Climate Change
Centre and Meghalaya Basin Development Authority, Shillong for their initiatives
towards science based climate change actions in the State.
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PREFACE

Climate change has emerged as one of the most serious threats to the sustainability
of natural ecosystems on the planet earth, It Is now established beyond doubt that
the climate change is real and happening with even greater intensity than what was
visualized under the previous scientific projections,

Cascading impacts of climate change on natural resources and livelinood of millions
of people dependent on them have potential to disrupt socia-economic and s0Cio-
cultural fabric of the society and thus pose a serious challenge before the
governance.

Meghalaya is bestowed with high forest cover, rich biodiversity, high rainfall and
network of large number of meandering streams. People in the State are largely
dependent on natural resources for their livellhood activities such as agriculture,
harticulture, forestry and live stack rearing and are in turn inherently vulnerable to
climate change Actions towards adaptation to climate change are therefore of
utmaost importance for policy, planning and action by different sectoral Departments.
State Action Plan on Climate Change (SAPCC) addresses concerns on account of
climate change in the State and helps convergence of related initiatives.

Effective implementation of adaptation actions on the ground can happen only if the
planning and implementation strategies are based on scientific data including climate
change projections at an appropriate scale. It is a matter of great satisfaction that the
study “ldentification of cfimate vulnerability hotspots in Meghalaya using high
resolution climate projections’ which has been done by the Water and Climate
Group of |IT Gandhl Nagar will equip us with the desired scientific information, It is
further encouraging to note that the high resolution at which this Study has besn
done makes the data usable for even sub district level planning. | congratulate Dr
Vimal Mishra and his team at lIT Gandhinagar for successfully completing the study

| compliment Dr Subhash Ashutosh, IFS Addl PCCF & Dy CEC MBDA the Naodal
Officer for Climate Change Management in Meghalaya for his Initiatives in relation to
Climate Change Adaptation. The efforts of the team of Stientists of Meghalaya
Climate Change Centre, MBDA (Shri L Shabong, OSD) are also highly appreciated.

(P —;

Shillong Ram Maohan Mishra
24" April. 2017 Development Commissionar
Government of Meghalaya
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Summary

Both observations and climate change projections show significant changes in mean and extreme
climate in the State of Meghalaya, which can have tremendous implications on agriculture, water
resources, forests, and biodiversity of the State. High resolution (~ S5km) gridded observations
of precipitation and air temperatures (maximum and minimum) were obtained and bias
corrected to estimate observed changes in Meghalaya. The State has a complex topegraphy, which
requires high resolution observations and climate change projections. We used high resolution
precipitatieon and temperature data to statistically downscile and bias correct dimate change
projections (~ 5 km), which otherwise are too coarse to resolve the topographic variability in
Meghalaya. The five best global climate models (GCMs]) were selected from the 40 models that
participated in the Coupled Model Intercomparion Project 5 (CMIPS). These five best models were
selected based on their skills to simulate the observed climate and other features related to the
Indian summer monsoon rainfall, Finally, for these five models, high resolution (~ 5km) climate
projections were developed for the entire State and analysis was performed to understand the
changes under the projected future climate. Both observations and future projections suggest an
increase in precipitation and air temperature in the State of Meghalaya. Moreover, under the future
climate mean and extreme temperatures are projected fo increase in the majority of the State. The
State is projected to experience a significant rise in the frequency of extreme predpitation and
temperature (hot days, hot nights, and heatwaves) events under all the selected representative
concentratien pathways (RCPs 2.6, 4.5, 6.0, and 85). Moreovey, the frequency of cold days and
cold nights is projected to significantly decline in the future dimate in the Near (2013-2040), Mid
(2041-2070), and End (207 1-2 100} term periods. These projected changes mayhave implications
for the agriculture, water resources, forests, and public health sectors. For instance, a significant
risein air temperature and heat waves can affect crop produdion and water storage in lakes and
reservoirs. The projected changes under the future climate are estimated at block level using the
high resolution data, which can be used for policy and dedsion making for adaptatien. While more
in-depth analysis to using the high resolution data developed in this study for sectorial impacks
assessment is meeded, uncertainty in the projections for the Mear, Mid, and Long term climate

should be incorporated in the framework of the adaptation pelicies atloeal level.
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1.
Introduction

Glabal and regional air temperature increased in the 20" century with the largest warming
experienced during the recent decades [WMO, 2005]. Moreover, 2016, 2015 and 2{14 were
recorded as the top three warmest years in the enfire record for which measurements are
available. Diurnal temperature range (difference between maximum and minimum temperatare)
is reducing, which may pose negative impacts on agriculture [Easterling et al, 1997]. Significant
changes in precipitation and air temperature are noticed across India between1950 and2008
[Mishra et al, 2014a, 2014h). Observed precipitation during the monsoon season has declined in
many parts in India (Mishra et al. [2012, 2016]), which are linked with the warming in the Indian
Ocean [Alory et al, 2007; Brown and Funk, 2008]. Global mean air temperature has increased
significantiy [Karl et al, 1996], which is consistent with the trends observed in India [Kumar et al,
1994]. At the regional scale, Mishraet al [2014a] reported that monsoon season precipitation has
declined and air temperature has increased over the majority of India in the recent past, which has
resulted in an inoreased frequency of droughts.

Some of the observed trends in precipitation and air temperature are projected to remain the
same under the future climate [Easterling ef al, 2000; Shefield and Wood, 2008; Mishra et al,
2014b]. For instance, Kumar et al. [2011] found that annual air temperatures are projected to
increase under the future climate. Rupa Kumar et al [2006] reported that both precipitaton and
temperature are projected to inoease in India under the climate warming. Moreover, Chaturvedi
et al. [2012] using the CMIPS dataset reported a large uncertainty in precipitation projections.
Maoreover, temperatute is projected to increase 3-4°C under the representative concentration
pathways [RCP) B.5 by the end of 21° century in India as reported in Chatmrvedi et al [2012].
Similar to previous studies, Mishra [2015] reported that there is a large uncertainty in projections
of the monsoon season predpitation under the future dimate, while the temp erature projections
are relatively robust. Moreover, Mishra et al[20144] showed that the selection of climate models
that show skills against observed data is important to understand the projected changes under
the future climate, Since the glebal climate models {GCMs) use coarser spatial resolution (150-
Z200km), use the regienal climate madels (RCMs} that simulate climate variables at higher spatial
{50km) resolutions is required for the climate impact studies.

Declining monsoon season precipitation and increasing air temp eratures can lead to persistent
drought conditions that can hamper agricultural production in various parts of India. Frequent
droughts during the monsoon season under the currentand projeced dimate may pose challenges
for food grain production and may affect food and fresh water security in India[Mishra etal., 2014b]
Projected future climate with substantial rise in mean and extreme air temperature can result in
an inareased frequency of heat wawves, number of hot days and hot nights. The impacts of drought
and increased warming may pose adverse impads on agricultural production [Lobell and Asner,
2003; Lobell and Field, 2007; Mishra and Cherkauer, 2010; Mishra et al, 2014b].5tudies based on
climate medels showed that food grain yield might decline by 2.5% to 16% for every increase
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of 1 °C in seasonal air temperature in the sub-tropics and tropical regions [Lobel! et al, 2008;
Battisti and Naylor, 2009]. Moreover, Fischer et al, [2005] reported that in warming climate, the
gap between arop production and consumption may rise espedally in the developing countries.
Schmidhuber and Tubiello [2007] reported that the impacts of climate change on food production
and food security can be more than previously thought.

The north-eastern region of India can face implications of climate variability and climate change.
Climatechange can put severe pressure onwaterresourcesand agriculture in thenortheasternIndia.
Increased dimate warming will lead to more losses through evaporation and evap otranspiration,
which will increase irrigation frequency and irrigation water demands [Barneit et al, 2005
Schlenker etal., 2007]. During the recent years, the summer monsoon has become erraticleading
to frequent droughts and posing challenges for water availability [Ramanathan et al, 2005;
Mishra et al, 2010]. Surface water storage in reservoirs will experience more evaporation under
enhanced hydrologic grele [Barnett et al, 2005; Tanaka et al, 2006], Climate change impacts and
the vulnerability of certain regions in terms of its effect can be quantified using precipitation and
temperature as variables. Both the variables are interdependentand are the major driving factors
of short term weather and long term climate systems. Thus, the hazards assodated with each
variable can provide insight to the existing and probable projected future. Thiz report provides
an assessment for the observed and projected future dimate in the 3tate of Meghalaya using high
resolution (~ Skm) datasets. The high resolution climate projections were downscaled and bias
corrected using the data from the CMIPS models and observations. The high resolution climate
projections can b etter resolve topographic variahility thatis present in the State of Mezhalaya.

1.1 Hydrometeorological hazards

Hydrometeorological hazards can be considered based on predpitation and air temperature. The
events may notbe exclusiveregarding the two variables,as these variables maybe interdependent.
However, for simplification, the hazards affected by the two wvariables are categorized into
precipitation based and temperature based events. Precipitation-based events are droughts and
floods, while temperature based events are heatwaves, extreme hot and cold days and nights.

1.1.1 Precipitation-based hazards

Diroughts are classified as metecrological, agricultural, hydrological, and so doeconomic droughts.
Droughts are not only sector specific but time-based too. Droughts are observed on the scale of
months (1,3, or 5) or years (1 or 2), comparing the observations for the climatological period. The
short-term (1-6) droughts months can affect agricultural produdion while long-term (more than
12 months) droughts can affect streamfiow, groundwater, and water storage in reservoirs. In this
study, the reference period considered is 19681- 2012,

Some indices such as Standardised Predpitation Index (SPI) and Standardised Predpitation-
Evapotranspiration Index (SPEI) are used to quantify the intensity and duration of droughts. Not
only agriculture, groundwater, surface water storage as well as water availability in dams and
reserveirs are dependent on precipitation. These indices can be used to gquantify predpitation
deficit (and available water) for multiple timescales. These timescales reflect the impacts of
drought on different sectors and provide information needed by various decision-makers and
stakeholders. Meteorological and soil moisture conditions (agriculture) respond to predpitation
anomalies on relatively shorttimescales, forexample, 1 - 6 months, whereasstreamflow, reservoirs,
and groundwater respond to longer term precipitation anomalies of the order of 6 months up fo
24 months or longer. These indices also indicate the condition of surplus precipitation events in
the same context.

1.1.2 Temperature based hazards

Heatwaves have different definitions, and one or more definitions may notrelate to the discomfort
felt by humans. One of the definitions which is considered in this study is based on extreme
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temperature events and its persistence through several days. In technical terms, heatwave may
be defined as the event wherein the daily maximum temperatures (T __) are higher than g5t
percentile of daily maximum temperature of the hottest three months in a year, and maximum
temperatures remains higher than the 95 percentile threshold for more than size consecutive
days. This period of excess maximum temperature is known as heatwave spell. In simpler terms,
the heatwave is a period of prolonged hot weather.

Extreme hot or cold day/mnight events are those days/nights which records rare hot or cold
temperatures in the region for the observation period. The rarity of such events is defined by
temperatures below or exceeding a threshold value, which is based on the distribution of values
for the period of observation. The threshold temperatures are not absolute for the whole area,
rather it is determined by pixel-by-pixel erder (or grid). In other words, a day may be considered
hotif the maximum temperature (T_ ) ataplace (orpixel) ish igher than the 95" percentile value
of T _ forthe temperature distribution of that place (or pixel). However, the same temperature
may notbe considered ashotatanother place (or pixel), since the threshold temperature for that
place may be higher or lower than that of the other place (or pixel). Similarly, a cold night can be
identified if minimum temperature is less than 5® percentile of the coldest three months ina year.

Identification afclimate | 3

vitlaerability hot. spoisin
Meeghalaya using high resolution clinmate projections







2.
Study Area:
State of Meghalaya

Meghalaya State is one ofthe seven sister States of northeastern India. The State has mainly three
climate zones, i.e., Tropical Monsoon (West Garo Hills, East Garo Hills and South Garo Hills), Hot
humid subtropical (West Khasi Hills and Ri-Bhoi) and Warm humid subtropical (East Khasi Hills)
as per modified Koppen-Geiger climate classification [Peel et al, 2007].

The average annual rainfall in Meghalaya State is about 4100 mm for the period of 1981-2012.
However, there is a very high spatial variability in rainfall in the region. For instance, the southern
West Khasi Hills and East Khasi Hills receives more than 8000 mm rainfall while the rest of the
State receives an average value of 3200 mm in a year. The precipitation intensities also have very
large spatial variability in the State. Mawsynram, the wettest place on the earth is also located in
Meghalaya.

Asper 2011 census, 80% of the total population of the State lives in rural areas and almost same
percentage of population is dependent on agriculture and allied activities for their livelih oods.
Despite the heavy dependence on agriculturs, the State has only 37% of cultivated land and
significantly depends on imports from other States of the country. Meghalaya produces mainly
rice, which is approximately 80% of the total crop production. Cther than rice, the agriculture
produce includes maize and some cash crops and fruits. Out of the 37 % oultivated land, only 47 %
area is irrigated and the restis rainfed. Even with mulfiple projects promoting irrigation schemes,
nearly half of the cultivated land will remain rainfed. Rainfall dependent agriculture in itselfis risk
prone and complex, as well as has low productivity.

Meghalaya also faces multiple flash fHoods as a result of deforestation, and slash-burn type of
agricultural practices. A huge amount of hill sand, stones, logs and trees are washed up in the
floods, which damages the crops in the downstream.

The problems associated with changing dimate may aggravate the current situation in the State
in terms of intensity and frequency of Aoods, changes in precipitation and temperature. To better
manage climate change implications, more robust understanding of the current and projected
future conditions are required.

Figure 2 to Fipure 4 shows forest cover, Land Use Land Cover (LULC) and elevation map for the
State. The forest cover and the LULC maps were derived from data obtained from MNorth Eastern
Space Applications Centre (NESAC) and was supplied by the funding agency. The elevation map
of the region was developed from Shuttle Radar Tropical Mission (SRTM) available at a spatial
resolution of 30 m. Figure 5 shows grid coverage used in the study. All the analysis are based on
these grids. Figure 6 shows the climate system of India and Meghalava. These major classes of
climaticsystems were derived from Képpen-Geiger climate classification system [Peel etal, 2007].
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Figure 1. District map of Meghalaw

Figure 7 to Figure 20 shows precipitation and temperature variations for the State for different
time periods. These plots shows indicative values of changes happened or are projected to happen
in the State with respect to the climatolegical variables. Figure 7 shows spatial variation of
moensoon precipitation in the year 2012, Figure 8 shows average monsoon precipitation in the
perigd 1981-2012 and Figure 9 shows average change in monsoon predpitation for the same
period of time. Figure 10 to Figure 13 shows multimodel ensemble average change in monsoon
season precipitation for the period 2020-2050 for different Representative Concentration
Pathways (RCPs; RCP 2.5, RCP 4.5, RCP 6.0 and RCP 9.5}, Figure 14 shows average daily mean
temperature for the year 2012. Figure 15 shows average daily mean temperature for the period
1981-2012. Figure 16 shows the average change in daily mean temperature for the period 1581-
2012, Figure 17 to Figure 20 shows multimodel ensemhle average of projected changes of daily
mean temperatures for the period Z020-2050 for above mentioned RCPs. An elaborated study is
presented in subseguent sections.

To get an understanding of the general hydrometeorological variablity in the study region, variables
such as precipitation and temperature are plotted for different periods. In Figure 7 to Figure 9
precipitation variability and its change is shown and in Figure 14 to Figure 16 variability in tem-
perature is shown. For projected climate, a simple overview as plotsis provided in Figure 10 to
Flgure 13 for predpitation and in Figure 17 to Figure 20 for temperature. The projected period is
considered from 2020 to 2050, A further detailed analysis of the variables is done in subsequent
sections.
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Legend

Forest cover density map
B e oense Farest [ Moderately Dense Forest I open Farest | serub Forest [ Forest Biank
Figure 2. Meghaloyn forest density cover Dertved from NESAC Land Use and Land Cover (LULC) map.
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Climate zones in Meghalaya
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Figure & Map showing clfmate map of India derfved from Kappen-Gelger climate classt ficat fon system [Peeletal, 2007] The
inset shows climate systems in the State of Meghalaya,
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Average change in monsoon precipitation (1981-2012)

Figure % Average change in monsoon season precipitotion (mm) in 1981-2012, Based on corrected CHIRPS preci pitation doto.
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Average dally mean temperature {2012)
19

18

17
Figure 14 Average dafly mean temperature {°C) in 2012 Based on the dota from Shefedd et al, 2006 version 2.
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Figure 18 Multimode! ensemble projected change in mean temperature [ °C) for the period 2020-2050 based on RCP 4.5,
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3.
Data and Methods

The study required observed datasets and dimate model projections at high spatial resolution
to resolve topographic variability in the State of Meghalaya. Precipitation and air temperature
(maximum and minimum] at high spatial resolution and daily temporal resclution are needed
to estimate change in the observed and projected future dimate. In the purview of this study,
precipitation and rainfall were used interchangeably.

3.1 Observed data

Observed predpitation and temperature (maximum and minimum} data from [ndia Meteorological
Department (IMD} were not suitable for high reselution analysis as the spatial coverage near
the international borders were not consistent. Moreover, number of raingauge stations is fairly
limited in the State of Meghalaya, which may not capture the observed variability due to complex
topography of the State. Predpitation data from Climate Hazards Group InfraRed Predpitation
with Station data (CHIEPS, Funk et al, 2015) at 0.05° (~5x5 km) resolution at daily scale and
temperature data from Sheffield et al. (2006) version 2 at 0.25° (~25x25 km) resolution was
used for the analysis and statistical downscaling and bias correction of dimate projections to
high resolution. The temperature data was further regridded to 0.05° resolution using the SYMAP
algorithm, which considers the effect of lapse rate on air temperature based on elevation data as
described in Maurer et al. (2002). The high resolution CHIRPS data (Funk et al., 2015) were also
bias corrected using the APHRODITE (Yatagai et al,, 2012) precipitation that is available for the
entire monsoon Asia. More details on the bias correction of CHIRPS precipitation can be obtained
from Aadhar and Mishra (2017). The observation period, based on the available data, is 1981-
2012,

3.2 Future Climate Projections

Data for the projected future climate were obtained from the CMIPS models. To understand the
variability in the considered variables, the uncertainty atiributed to selection of multiple models
needed to be reduced. Out of 40 CMIPS models, the five best models, which showed better skills
to simulate observed climate and features of the Indian summer monsoon rainfall (based on bias,
temporal and spatial correlations), were selected. The models whidh were finally selected were
CCSM4, GFDL-ESM2M, MIROCS, NorESM1-M and NorESM 1-ME of ensemble number rlilp ! (see
Taylor et al, 2012 for details).
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Table 1. CMIPS models primarily consldersd inthe study,

1PSL-CMSB LR IPSL CMSA LR CanESM2 CESM1-CAMS
MRI-CGCM3 FGOALS-g2 MPI-ESM LR NorESM 1-M
MRI-ESHM | IPSLCM5AMR  MPILESM-MR NarESM 1 ME
GISS-E2-R CC T ACCESS1-0 CESM1-CAMS-1-FV2
GISS-EZ R HadGEM2-CC CNRM-CMS GFDL-CM3
GISS-E2-H.CC HadGEM2-ES inmemd CESM1.BGC
CSIRO-ME3-60  CMCC-CM CMCC-CESM CESM1.FASTCHEM
GISS-E2-H CMCC- CMS FIO- ESM CCSM4

ACCESS1-3 HadGEM2-AD GFDL-ESM2M  MIROCS
hee-camt-1 MPI.ESM.P GFDL-ESM2G  CESML.WACCM

When comparing model simulations and observed data, there are some differences in the two and
these differences are kmown as bias, which suggests that the models are ever/under estimating a
variable or are positively /negatively biased. The selected models showed less than 1°C bias (ie,
the models deviated from actual temperatures or are biased by less than 1°C) in annual mean air
temperature and less than 100 mm bias (i.e, the models deviated from actual precipitation values
orare biased by less than 100 mm) in mean monsoon season precpitation.

These CMIPS model outputs are too coarse and may not be appropriate for regional scale climate
change impacts assessments and may have biases against the observed data, therefore, needed to
b e converted to a finer spatial resolution (statistical downscaling) and corrected for the bias (bias
correction), Statistical downscaling is a method to compute higher resolution data (here, 5x 5 km)
from coarse resolution (here, 50 x50 km) data using statistical corrections based on the observed
high resolution data (here, 5 x 5 km CHIRPS precipitation & Sheffield temperature). Thus, bhias
correction and statistical downscaling were performed using the precipitation and temperature
from the selected CMIPS models. Originally, the Bias Correction and Spatial Disaggregation (BCSD)
approach was proposed by Wooed et al. (2002, 2004) and was further modified by Thrasher et al
(2013). We employved quantile-quantile modified BCSD approach to develop downscaled and bias
corrected data at high resolution.

The high resolution dataset for the projected future climate were developed for the period of
2013-2100. Precipitation and air temperature (maximum and minimum) from the five best CMIPS
models were bias-corrected for four Representative Concentration Pathways (RCPs), RCP 2.6, 4.5,
6.0and 85, These RCPs representalternative scenarios based on economy, scientificadvan cement,
and mitigation efforts. For instance, RCP 8.5 considers the most pessimistic scenario for future,
while the RCP 2.6 takes relatively optimistic future scenario. RCP 4.5 and RCP 6.0 fall between the
other two extreme scenarios. Based on the radiative fordng warming equivalent (2.6, 4.5, 6.0 &
8.5 W/m?) of the warming produced by increasing sreenhouse gases, different dimatic variables
(precipitation and temperature) can be derived using climate model simulations. The final BCSD
and temporally disaggregated product of the models were ata spatial resolution of 0.05 degree (5
x 5 km) and at daily timescale, consistent with the observed datasets.

Technical terms

Climate models: These are mathematical, computational and physics based models which can
simulate climate conditions based on the past changes in Earth’s climate. These models are
provided by several agencies and are different from each other in terms ef assumptions and
conditions being simulated. Due to these variations, several models needed to be considered for
theanalysis so as to reduce the uncertainty assodated with each of them. These are also termed
as GCM (General Circulation Models) or RCM (Regional - Climate Models). The latter being high
resolution and captures local scale variability, while the former takes inte consideration glabal
aspects of dimatic variahility.
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Representative Concentration Pathways (RCPs): Future global warming contribution towards
climate change is difficult to quantify in general terms. There are numerous factors that affect
the future climate systems such as fechnological development, changes in energy generation and
land-use, global and regional economiccircumstances, and population growth. The earlier second
generation SRES (Special Report on Emissions Scenarios) scenarios were complex and ambiguous
in terms of applicability and realisation (viz. scenarios A1B, AZE1, B1, ete). To standardise thess
research and findings, a set of third seneration scenarics were suggested to keep the initial
conditions, historical data and projections consistent across the various branches of dimate
science.

RCPs are dimate pathways for approximate greenhouse gas concentration and anthropogenic
heat, and which represents an equivalent earth system dynamics at eertain radiative flux or
forcings from the Sun in year 2100 relative to year 17 50. There are four indicative pathways (RCP
2.6, RCP 45, RCP 4.0 and RCP 8.5), which represents mitigation scenarios with very low fordngs
(RCP 2.6), two stabilization scenarios (RCP 45 and RCP 6.0), and one scenario with very high
greenhouse gas emissions (RCP B.5). In simpler terms, RCP B.5 represents climatic scenario of the
Earth, equivalent to the condition when an added +8.5 W/m’ of radiative flux is provided by the
Sun in the year 2100 in comparison to pre-industrial period or year 1750.
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Each RCP provides spatially resolved data sets of land use change and sector-based emissions of
air pollutants, and it specifies annual greenhouse gas concentrations and anthropogenicemissions
up to 2100, RCPs are based on a combination of integrated assessment models, simple climate
models, atmosphericchemistry and global carbon grde models. While the RCPs span a widerange
of total forcing value, they do not cover the full range of emissions in the literature, particularly
for aerosols. (Source: https:/ /skepticalscience.com/rep.php; IPCC Climate Change Report 2013,
Summary for Policymakers (SPM)).

3.3 Analysis Approach

To determine hydrometeorological variations in the State of Meghalaya, indicators such as 5PEI
and 3Pl were used. Historical analysis is done using the bias corrected Climate Hazards Group
Infrared Predpitation with Station (CHIRPS) precipitation data, which is based on satellite
observations merged with station data (Funk et al, 2015). For future projections, bias corrected
and downscaled projections from the five best CMIPS models were used. Observed temperature
data were obtained from Sheffield et al, 2006 at 0.25 degree resolution which were spatially
disaggregated to 0.05 degree (5 x 5 km) resolution considering the lapse rate of temperature for
different elevations. All spatial variations were determined by analysing the data on pixel-by-
pixel basis whereas block/district/ State averages were calculated based on spatial average of the
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attributes associated only in the pixels covering the State. The seasons considered for the analysis
are winter (December - March), pre-monscon (April - May), monsoon (June - September) and
post-monsoon (Ocolier - Movemb er).

The precipitation analysis, changes in cumulative monsoon season precipitation and intensities
were considered, Extreme predpitation events frequency shows how a region is likely to face
extreme wet rainy events. SPI and SPEI values show how the monsoon seasons are faring with
time, that is, to know if aregion is likely to experience unusually wet or deficit predpitation in the
MIONS00T SEasen.

Analysis using temperatures (maximum and minimum) considers changes in maximum, mean,
and minimum air temperatures. Extreme events such as hot days/nights, cold days/nights and
heatwaves show the vulnerability of a region in terms of such rare temperatures events.

The extreme events are identified using percentile values. An x percentile value represents that x
%% of records or data are below this value. For instance, a 75 percentile value represents that 75%
of all records or data have magnitudes less than this value.

3.3.1 Observed period analysis

a) Precipitation

Observed precipitation were obtained from CHIRPS at 0.05° spatial resolution. State averaged
monthly precipitation shows that most (72 % of total) ofthe rainfall o ccurs in the monsoon season
(June - September) (Figure 2Z2), Changes in precipitation were thus, computed for monsoon
season over the period of 1981 - 2012, Seasonal variation of the precipitation received in the
State through the observed period is shown in Figure 23. Changes in mean monsoon precipitation
were computed based on Mann-Kendall non-parametric trend analvsis and Sen’s slope method
(Sen et al, 1968). Changes (mm) were estimated by multiplying the trend slope to the number
of years in the ohserved period (Figure 24b & 24d). Statistical significance in the trend analysis
was estimated at 5% significance level. Extreme precipitation events are the number of rainy days
which resulted in more than 95th percentile level of daily precipitation (95th percentile value
represents the events below which 95% of the observation lies), Similarly, 5th percentile value
may also be defined). Rainy days are those days which receives at least | mm of rainfall. The
general trend of spatially averaged precipitation received in a year is determined on annual basis
which shows a mildly increasing trend in annual average rainfall (Figure 25).

b} Exireme precipitation during the monsoon season

To determine surplus or deficit extreme event frequencies, Standardised Precipitation Index (SPI)
and Standardised Precipitation and Evapotranspiration Index (SPEI) were used. Values of SPI or
SPEI less than -1.3 indicates at least a mild drought event, which worsens (severe to extreme
droughts) as the value deviatestowards morenegative values, Similarly, if the SPI or SPEl values are
greater than 1.3, that indicates mild to severe surplus rainfall event. The frequency of occurrence
of such events indicates us the vulnerability of that area considering rainfall and temperature as
variables (Figure 26).

c} Air Temperature

Air temperature plays a vital role in the evaluation of hydrometeorological hazards. This has a
prominenteffect on surface and groundwater water availability. The effect can be very wellnoticed
on SPland SPEI as the latter is affected by the average temperature, which is further an indicator
for deficit or surplus of water availability. The annual average of maximum, mean, and minimum
temperatures were computed for each 0.05° grid. Changes for the observed period were comp uted
using Mann-Kendall trend method and Sen's slope method (Figure 27), similar to estimation of
change in precipitation (Figure 24). The general trend of change in average temperature was
determined by spatial average of annual daily mean temperature (Figure 28).
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d} Exireme temperature events

Frequendes of days and nights which were exceptionally cool or hot, with respect to the normal
temperatures in that area, points about the vulnerability of that area against such severe events
related to temperature (Figure 30 and Figure 31). Hot daysand nights are those days and nights
on which the maximum temperature was greater than 95" percentile of usual day's maximum
temperature and greater than 95" percentile of usual night's minimum temperature, resp ectively
(Figure 30). Cold days and cold nights were considered on the days and nights when the maximum
temperature and minimum temperature were less than the 5" percentile value for the same
variable, respectively (Figure 31),. These also indicate the effect on growing degree days on crop
growth. One of the most severe events related to health and mortality in extreme temperatures
is heatwave. The observations related to heatwaves were calculated based on number of spells
in which at least 6 continuous hot days were observed. The frequency of such spells shows the
affected portion of an area and its severity (Figure 32).

3.3.2 Analysis for the projected future climate

Projected period data were obtained by selecting the five best CMIPS models in Indian context for
Representative Concentration Pathways (RCPs) 2.6, 45, 6.0 and 8.5. The model projection data
were hias-corrected and spatially disaggregated (BCSD) (Thrasher et. al, 2013) at 0.05 degree
spatial resolution. The projected period considered was from 2016 - 2090, which was subdivided
for the analysis in near-term (2016 - 2040), mid-term (2041 - 2065) and long term (2066 - 2090).
The period 1981 -2012 from historical period of the model outputis designated as the reference
historical period. Changes in the selected variables and indices were computed based on the
difference in the value of attributes in consideration with respectto that obtained for the historical
reference period (198 1- 2012). To reduce intermodel variability, the inferences were obtained on
the basis of multimodel ensemble mean of the atiribute in consideration for each concentration
pathway.

Mean projected changes in precipitation were computed by taking the difference in the same
variable obtained for the reference period for near-term, mid-term, and long-term projected
ensemhble means for the different RCP scenarios (Figure 33). Changes in extreme precipitation
events were determined with reference to that obtained in the historical reference peried (1981 -
2012). The 95th percentile threshold for considering a rainy event as extreme was obtained from
the distribution of rainy days available in the historical reference period. Thus, the predpitation
events, when rainfall was greater than these thresholds, were considered as an extreme
precipitation events (Figure 34),

Similarly, changes in maximum, mean, and minimum temperatures in near-term, mid-term, and
long-term were computed based on the difference in respective temperatures from historical
reference period (Figure 37, Figure 38 and Fipure 39). The threshold for considering extreme
events related to temperature were obtained from that computed from historical reference
period. That is, the 95th percentile of resp ective temperature variable in the historical reference
period (1981 - 2012) were considered for calaulation of frequency of extreme hot and cold days
or nights. The hot days and cold days were computed with 95" and 5" percentiles thresholds,
respectively, of maximum temperature in the historical reference period. Whereas, hotnights and
cold nights frequencies were obtained based on 95" and 5™ percentile of minimum temperature
inthehistorical reference period (Figure 40 to Figure 41). Projected heatwaves frequencies were
determined based on number of spells peryear, having atleast 3 continuous hot davs (Figure 44).
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4.,
Results

4.1 Changes in the Observed Period (1981-2012)

4.1.1 Precipitation

Precipleation data for the abservatdon perlod of 1981-2012 were analysed for the State of
Meghalaya to understand the seasonal contribution towards total annual precipitation received
by the State. This data do nat tell us the contributlon towards the streamflows as the study 1s not
concerned with flow accumulations resulting from rainfall.
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Figure 22, o) Méan monthly average precipitition recerved, and () pereemtoge of tota | precipita tian ineoch morth for the
period af 1981.2012.

Long term State wide spatial average precipitation was found to be 4085 mm and most of the
precipitation occurred in the monsoon season during the observed period. Figure 22 shows that
the largest portion, arcund 2950 mun, of annual spatial average rainfall oceurs in June-September
which is 72% of total annual average precipitation.

Temparal analysis of seasonal precipitation received in the State shows consistent precipitation
events in monsoon seasons through 1981-2012 with an average value of 2955 mm (Figure 23).
There were s0Ime noN-mMenNsoon season extremes in comparison to the usual rainfall levels if those
particular seasons, The State received the post monsoon extremes in 1988 (1082 mm), 1991 (276
mim), 1993 (902 mm), 2000 (949 mm) and 2010 {1119 mm) in the recent past (Figure 23b],
Winter season showers were usually very light with an average of 75 mm (Figure 23c), The pre-
monsoon rainfall usually contributed with an average of 300 mm {Figure 23d) precipitation,
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Figure 23, State average precipitation for (o) monsoon (JAS), () post-monsoan {ON], () winter (DJFM) and pre-monsoon (AM])
seqsons for the period af 1981-2012,

The spatial analysis of the precipitation events and intensity reveals that although the temporal
variation of the monsoon season precipitation does not show much significant changes, however,
the trends were found to be different throughout the State (Figure 2 4).
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Considering the extreme events which exceeds 95 percentile of occurrence, the usual number of
such events in the State was in the range of 4 to 7 (Figure 24c). The chanpes in frequency of such
events were uniformly spread through the region, with almost equal area covered with inaeasing,
decreasing and neutral changes of extreme precipitation events (Figure 24d).

State averaged monsoon precpitation
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Figure 25, Stote averaged monsoon sedson pregipitation and its treénd for the period of 19812012, Slope af memm monsoan
precipftation of 1981-2012 = shown in red,

The State averaged monsoon season precipitation provided a general trend of change in monscon
season precipitation levels for the period of 1981-2012. The incremental change is found ta be
11,56 mm per year for the abserved period (Figure 25),

Section summary

s 72% oftotsl precipitation, 2950 mm was received in the months of June-September. A consistent
long term average annual precipitation of 40B5 mm was sbserved in the period 1981-2012.
Apart frem the central part, which receives 4000 - BO#0 mm, rest of the State experienced
relatively moderate rainfall of 2000 mm, The average annual precipitation in the State shows

an increasing trend (11.56 mm/yr) while the monsoon season precipitation shows steady
values.

* Though the State on an average shows steady change in precipitation levels, the central parts
(West Khasi Hills, Scuth West Khasi Hills and East Khasi Hills) show very high precipitation

lewvels as well as higher rise in intensities.

» The rise in the frequency of extreme precipitation events was nat much in the most part of
the State. And, West Ehasi Hills, South West Khasi Hills, East Khasi Hills and Ri-Bhoi showed
a decline in number of extreme precipitation events, The changes in the frequency of extreme
events is rather uniform throughout the region.

4.1.2 Extreme precipitation events Drought and Wet Periods

Extreme precipitation related events are significant for the study of vulnerable area identification.
In this study, SPEI and 5P1 were used to identify such events. The SPEL/SPEI values less than -1.3
shows moderate to extreme drought years while such values greater than 1.3 shows moderate to
extreme wet years.
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Since, 5Pl does not take evapotranspiration fador into account, therefore, SPEl is also used, which
is sensitive to the changes in air temperature. The SPI/SPEI values considered here are the four
month period at the end of monseon i.e. September month, of every year. The base period for all
calculations for 3Pl and 3PElwas 19681-20132.

Figure 26 shows variations in frequencies of drought and wet years, 5Pl based drought and wet
vears were relatively uniform throughout (3-5 spells), with some exception of higher number of
drought events (5-6 years) in the East Khasi Hills (Figure 26a & 26c). Such swplus and deficit
periods based on SPEI shows quite different picdture, regions such as South-West Garo Hills, South
Garo Hills, West Khasi Hills, East Khasi Hills and southern parts of West Garo Hills experienced 3-4
wet years, while the restof the Statefaced fewer surplus periods (0-2 years) (Figure 26b & 12d).
Most parts of the State was safe in terms of extreme drought events. A nominal frequency of 1-3
of such periods were observed throughout the State, with some parts of eastern districts facing
higher number of drought periods.

Section summary

= SPIand SPEI show slightly different patterns in terms of frequency of wet and drought years:
SFI values indicate that all parts of the State faced 3 - 5 extreme wet years and 3-6 extreme
drought years with East Khasi Hills faced higher (5-6) drought years.

» Based on SPEl some parts of West Garo Hills, South-West Garo Hills, South Gare Hills, South-
West Ehasi Hills, South-West Khasi Hills and East Khasi Hills faced 3-4 extreme wet spells while
rest of the State faced 0-2 such periods. The frequency of extreme drought spells were rather
uniform in the range of 1-3 spells. East Khasi Hills, East [aintia Hills and Ri-Bhoi faced higher
number (1-5) of extreme drought periods.

4.1.3 Air Temperature

Changes in air temp erature pattern show rather comforting results as compared to other parts of
the country or closely lying States,in thatrespect. The maximum, mean and minimum temperature
showed patterns conforming to the elevation changes in the terrain.

The central Meghalaya experienced lower temperatures in the range of 14-18 "C than the rest of
their region (20-25 "C) (Figure 27a, 27c & 27¢). This may be attributed to the Hills and plateau
in the central part.

The State averaged temperature shows an incremental change with a rate of 0.031 °C per vear. This
rising temperature may pose a serious threat to the ecology of the State. In the years 1991 and
1992 a drop in temperature beyend normal shows some recovery, but for the rest of the period,
temperature increased consistently, and with 1 *Crise between 198 land 2012.
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Figure 28 Stote overaged anmia! mean summer temperatire and its trend for the perfod of 1981 - 2012 far Meghalaya ; Slope of
mean teprperatire for the period of 1981 - 2012 s showm in red

414 Extreme temperature events Hot/Cold days /nights & Heatwaves

Extreme temmperature days are not usual. A day is considered as a hot day if the madmum
temperature exceeds the 95% threshold of temperature, Similarly, hot nights ocour when
minimum temperatures higher than 95% threshold. Cold day/might are those days/nights which
are unusually cold and which have lower than 5% of the daytime or night time temperatures,
resp ectively.

The temporal analysis of spatial average of annual mean temperatyres shows highly fluctuating
frequencies of hot days, hot nights, cold days and cold nights, The average frequencies of hot days
and nights for the State were 5.9 and 43.4 days per year, respectively (Figure 29a & 29b), The
frequency of hot nights was very high. The frequencies of cold days and nights were 6 and 2 days
per year, respectively (Figure 29¢ & 29d),

When comparing Figure 28 and Figure 29, itis apparent that the numb er of hot days and nights
dropped between 1990 and 1994 while cold days and nights increased. After year 19495, the
changes in the frequency of these events is apparent. The number of hot days and nights show an
increasing trend while that of cold days and nights show a declining trend. These are some of the
indications of a consistently warming region.

The State faced mostly average of 6-7 hot days per year; with Ri-Bhoi, West Khasi Hills, East Khasi
Hills and some parts of West Jaintia Hills in the higher frequency ranges (8-10) (Figure 30a), The
changes in the period of 1981-2012 show moderate changes in hot days, which may seem different
from the observations from Figure 29a, The changes computed here are averaged over time
which reduces the tempotral variability. Hot nights shows relatively higher frequency throughout
the region [17-20 days per year] (Figure 30c). The change in hot nights shows an increase of 4-5
% in the frequency (Figure 30d).

The patterns of the frequency of cold days and cold nights were different than that of hot days and
nights, a typical scenario observed in warming regions. The number of cold days and cold nights
were almost uniform in the region (4.55-4.6 days per year for celd days and 4.55 days per year for
cold nights) (Figure 31a & 31c), Change in cold night frequency seems neuiral throughout, with
exceptions in northern part of North Garo Hills, East Garo Hills and West Khasi Hills region, which
showed very mild positive change (Figure 31b). While, cold night freguency had negative changes
[-3 to 4 days per year] {Figure 31d).
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Temperature based hazards also includes heatwaves, or a spell of continuous hot days. These are
wvery much commen in the Indian peninsula. The north eastern regions seldom faces such harzards,
but a thorough analysis is warranted in the warming climate. Heatwaves in this region are very few
if we consider the absolute definition of heatwaves by IMD, but cansidering contimious extreme
hot days spells (more than 95 percentile of maximum temperature) for each grid, we can observe
such patterns. Figure 32 shows the spatial variation of average frequency of heatwaves. On an
average the State of Meghalaya faced 7-9 heatwaves {0.25 - 0,3 heatwaves per year) during the
observed period. East Khasi Hills experienced least number of heatwaves while some regions of
West Khasi Hills, East Garo Hills and North Gare Hills faced higher numbers [0.40 heatwaves per
year). Here, terms such as highetr and lewer freguencies of heatwaves are relative, but comparing
other parts of the country, the frequencies are much lower for the State.

events/yr
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Flgure 32, Spatial voriation of watwaves per year for the perfod af 19812012,

Section summary

» The mean frequencies for hot day, hot nighis, cold days and cold nights were 6, 43,4, 6 and 2
events per year, Higher number of hot nights frequencies is a matter of concern for the State.

» Spatial variation of hot days shows moderate values (6-7) in the State with higher {requencies
(B-10) in Ri-Bhoi, some parts of West Khasi Hills, East Khasi Hills and Jaintia Hills, While hot
nights were of higher frequency (17-20] in the 5tate relative to nearby regions, except for the
north eastern parts, which faced higher number of hot nights. The changes in number of hot
days shows nearly neutral change and a positive change in the number of hot nights in most
part of the State.

» The variations and intensity of cold days and cold nights were uniform in the range of 4.55-4.6
and 4.6 evenis per year, respectively. Number of cold days shows nearly neutral changes in
frequencies, with some regions of East Garo Hills, West Khasi Hills and Jaintia Hills facing mild
positive changes [1-2]. On the other hand, cold nights show nearly uniform decrease change in
its frequency (-3 to -4) in the region.

s The 5tate seems to be on the safe as far as events of heatwaves are concerned’ as on-an averags
the State experienced anly 0 - 4 heatwaves only in the observation period.
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Table 2. F loak-wise summiary of avarage annual shange in maan tamparaturg ["C) and avarage monsooan s2ason
rairfall for the period of 1901-2012.

S Wo. District Block m;n;‘m:nmm lwﬂzqﬁ:mmnm
1 SWGH Zikrak 1.06 458,62
2 Betasing 1.07 470 94
3 WGH Dalu 1.06 48212
4 Gampegre 1.06 454,82
il Fongram 1.08 466,95
b Dadenpre 1.08 48631
fi Salsella 1.04 44877
f Tikerikiiz 1.08 487.07
9 HGH Kharkutta 1.09 B22:43
10 Hesubalpara 1.08 B61.07
n EGH Samanda 1.09 532 30
12 Rongieng 1.09 BILTT
13 Gonfsak 1.08 54711
H SGH Gasuapara 1.66 483:25
15 Baghmara 1.08 h6o. 74
16 Chokpot 1.07 48076
17 Rongra 1.07 £01.93
18 WEH i airang 1.06 336:57
13 it awinshymrut 1.04 62870
20 il avithadralshan 1.1 h753.29
21 Mengstoin 1 44 BG
22 SWKH I keyrwat 047 44502
23 Hanikol 0.94 413.86
24 Ri Bhoi Jranp 115 11173
25 Limsming 110 214 10
2k Umling 1.12 187 48
27 EKH 3hella Bholagan| 078 35721
28 Pynursla 0.78 356:82
28 il AW syTiEm 0,84 33017
30 I aw kymirew .40 3593.04
K| fitawpliang 0BG 393.83
a2 fylliem [.B6 36839
33 M awryngneg .85 d66.00
34 Laikmh 084 407 .49
34 WIH Thatlaskein 083 303,64
36 Amiamm 075 J48 74
37 Laskeln 077 302.30
a8 EJH Salpung 063 298.92
i Khillehriat 068 317 44
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4.2 Climate Change Projections

4.2.1 Precipitation

Multimodel mean change in predpitation shows pesitive changes with respect to the historic
period data (1981-2012). The projections were divided into near (2013-2040), mid (2041-2070)
and long (2071-210Q) terms, sa as to ohserve pregression of changes in the variables in space as
well as in fime domain.

RCP 2.6 shows 40-300 mm increment in precipitation intensities in near term (2013-2040), 70-
1B0 mm in mid term (2041-2070) and 78-180 mm in long term (2071-2100) (Figure 33, RCP
2.6). RCP 4.5 shows higher changes, 50-160 mm in near term, 80-190 mm in mid term and $5-350
mm in long term (Figure 33, RCP 4.5),

20132040 20471 — 2070 207 - 2100
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Figure 33, Multimode! ensemble mean projected change (rem) (e mensoon sea son prect pitation for the Near, Mid and Long
temporal term Changes were estimated against the historic mean for the reference period (1981.2012).

The central region of Meghalayva is projected to face higherchanges in precipitation in all scenarios.
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Exceptionally wet rainy events can be defined as the rainfall events helow which 95% of the
precipitation values lies. These are rainfall events which are rare and are of high intensity. The
number of exceptional precipitation events shows an overall increasing trend (Figure 34). The
increasing trend is minimal in the State of Meghalaya as compared tg the surrcunding regions.
Western, north-eastern and southern regions may face most of the higher increments in the extreme
precipitation events. RCP 2.6 shows an average increment in number of extreme events with 0.6-
1.5 in near term, £.6-1 in mid term and 0.4-1.3 in long term. For RCP 4.5 and 4.0, increments of
0.3-2 are consistent throughout the near, mid and long terms. RCP 8.5 sugpests (.8-3.5 increment
in average number of exceptional precipitation events,

2013-2040 2041 —-2070 2071 —-2100
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Flgure 34, Multimode! mean grajfected changs in number of extreme precipl tation wet events (e, change in numben |f events
extimurted using 25th percentile threshold from historic perfod of ratny doys; bose perfod 1981-2012, Ratny dove are the doys
When grecipitation is greater than Imm )
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Table 4. Multimodel mean projactad change in number of 2xtrema predipltation wet svants (.2, change in
numb ar If evants astimated using 85th parocentile threshold from histaric perlod of ralny days; base period 15681
2012, Rainy days arethe days when preciptation greater than 1 mm) MNT Mear Term 2018-2040); MT [Mid Term

2041-20700 and L7 [Long Tam 2071-2100). Refer figure 15,

RCP 26 RCP 4.5 RCPE.0 RCPE.S

Disfrict  Block NT MT ir HT  MT LT HT MT LT NT MT LT
SWEH  Zikzak 074 073 044 053 102 1B4 110 074 123 O0BE 13 2R
Betasing 673 DY3 D44 B33 102 1G4 10 BT4 128 DBE 134 22

WEH Cralu 07d Ov6 070 056 108 20 14 074 159 08F 135 Z70
Gambepre 073 076 060 056 108 182 114 074 148 0BF 137 267

Heongram 075 D067 025 0B6 102 123 18 075 DET 080 13 1E7

Dadengre 073 o071 -004 056 108 OB 18 07 DT 080 134 172

Solsalla B75 DES O3F 036 108 147 118 BTE O OTID OB 134 218

Tikrikilz ORE D059 018 O0BD 160 1128 106 075 DBE 082 124 157

N GH Kharkutta 071 076 (k44 050 108 52 109 074 128 079 147 227
Resubielpara 070 063 03 047 108 w08 10 OT4 DB3 083 133 207

EGH Samanda 071 073 026 049 089 132 109 074 D83 0B3 128 209
RongiEng oeET DY3 D24 03F 102 14 108 04 DAY OBR 129 208

b onigsak gf3 073 07 0E3 162 111 130 074 DFF 0BE 13 20

SGH Gasuapara 07 DY 044 053 102 184 LMD 074 123 0BY 134 22
Baphmara o7y 0G&2 003 03B 08B 116 104 OGB4 DBE 083 1M LA

Chokpot 074 072 043 053 102 154 110 074 109 O0B5 128 216

Rongra 073 DE3 D48 053 @8R OTT1 1 BRE 133 OB 133 238

WEH I airang ga0 080 133 0562 102 210 104 0800 2071 080 16 27H
I awnskyrrut 063 102 056 034 131 160 101 098 133 07y 1568 243

I & ihadral shan 060 082 058 030 1i1E 16T 088 0B T4 OV1 13T 249
[fonpgstoin 071 078 070 050 108 182 108 074 159 OFE 137 267

SWKH  NWMawkyrwat BB5 DEE 104 052 064 170 0B 059 143 DBY O78 278
Ranikol 162 089 121 Q083 088 227 149 096 1% 128 117 322

Ri Bhol  Jiranp 124 085 14 072 076 070 061 100 1170 109 075 168
Lmsnirg 0B84 072 08) 045 067 125 06 068 15 086 0.FF  16E

Umilinpg 108 081 104 063 0H1 125 1MW 03 17D 107 075 166

EEH Shalla Bholagan) 148 081 128 076 065 133 127 @80 YR 128 ©Y¥T 27
Fyniursla 126 075 102 068 @56 322 126 05 137 124 075 208

Il 2w synram 170 082 %120 O06% 076 133 124 082 184 103 077 22X
WMawkynrew 083 068 084 05 032 €8O 122 O0EF 101 088 04 15

i awphiang 102 073 :r068 06 061 133 14 OF 166 10F O 227

Iylliem 0% 0¥0 102 036 041 107 101 063 108 101 D66 169

I awryngkneg 071 068 D8 D0B2 036 074 101 059 103 D084 048 141

Laitkimh 113 071 102 063 046 112 124 065 113 110 073 1H4

WiH Thadiaskein 060 06D OBB 044 029 0495 1000 049 093 083 047 182
Amlarem 124 072 091 058 044 100 106 063 108 089 054 184

Laskeln DAy 00 103 060 046 122 118 068 130 100 0D 207

EJH Salpung 122 .08 165 073 110 226 160 096 21 130 186 35
Khilenrial .79 108 137 106 091 207 187 080 1968 164 188 340
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Section summary

s Differentprojecedscenarios ofnearand mid-term projectionsindicate concentrated increment
in precipitation intensity in the central part as compared to rest of the State,

* Extreme precipitetion frequency may rise in RCP 4.5, £.0 and B.5 scenarios in mid and long
terms, and this change is prominent mostly in the southern and north-eastern regions of the
State.

4.2.2 Extreme Precipitation events: Wet Periods

Changes in the numb er of wet monsoon season were estimated for the projected future climate
for the RCP 2.6, 4.5, 6.0 and 8.5 (Figure 35 & Figure 36}. To understand changes In extreme wet
periods during the monsoon séason nnder the projected foture climate SP] and SPEI were used.

2013 — 2040 2041 - 2070 2070 -2100
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Figure 35, Multimode| enseml e mean profected change (n number of severe exceptiona | wet monsoon seqson penrs [(estim ted
based on Stoncdo rdized Precipitation Index = 1.3)
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Table 5 Mulimodal ensamble msan projected change in nembar of saevere axcaptional wet monsoon saason
yerrs {gstimated basad on Standardlzed Precipitation Index > 1.3} NT (Mear Tarm 2018-20407; MT [Mid Term

201-20700 and LT [Lang Tarm 207 1-2100. Retar figere 35,

RCP 2.6 RCP 4.5 RCP 6.0 RCP 8.5

District  Block WT MT T NT MT T NT MT LT HT MT T
SWEH  Zikiak 140 0G0 020 -D40 140 020 -DG0 080 120 040 D060 1.80
Betasing 160 060 D020 -020 140 040 -D60 0BO 120 020 080 180

WeH  Dal 160 060 020 -020 140 020 -060 0B 120 -020 040 200
Gambegre 160 060 020 -020 140 020 -0G0 060 120 -020 040 200
Rengram 120 040 000 -040 140 020 -DG0 080 120 040 040 180

Datengre 140 DED 020 -D20 140 D020 -040 080 120 -D20 060 200

Selsella 160 080 020 <020 140 020 -040 080 120 -040 060 200

Tikriklia 160 060 020 -020 140 020 -040 OB0 120 -040 D60 180

MGH  Kharkutia 160 D040 020 000 120 020 -040 D0BO 120 020 D60 180
Resubsipara 160 040 000 -040 140 000 -O60 06D 120 -040 OB0 180

EGH  Samanda 140 04D 000 -040 140 020 -DG0 080 120 040 DE0  1.80
Rongleng 160 040 (0D0 040 140 020 -060 080 120 -040 050 180

Songsak 160 040 020 -040 140 040 -060 060 120 -040 060 180

SGH  Gaslepaa 140 040 D20 040 120 020 -060 0B0 100 040 060 180
Baghmara 140 040 000 -D20 140 020 -060 080 120 -040 040 180

Chokpot 160 040 020 020 140 D040 -060 0BD 120 020 040 200

Rongra 160 040 000 020 140 020 -080 080 100 -040 020 180

WKH  Marang 200 040 040 080 OG0 000 -020 080 140 -020 100 140
Wavnshynrut 160 D040 020 000 140 020 -040 D0BO 120 -020 D0B0 180

M tadraishan 180 060 020 000 120 020 -040 060 120 000 080 200
Hongstain 180 040 020 020 120 000 -040 08D 140 -020 080 200
SWKH  Mawkyrwal 180 040 D040 0B0 080 020 -040 120 100 -020 060 160
Ranikar 160 040 020 08B0 080 000 -040 120 100 -020 040 160

Ri Bhol  Jirang 130 000 D40 100 060 000 -020 100 0G0 040 080 120
Umsning 180 040 040 O0B0 080 000 -020 O0B0 140 -040 080 140
Umiing 180 020 020 080 080 -020 -020 100 160 020 080 120

EKH  ShelaBholagan) 160 060 040 0B0 060 000 -040 120 100 -020 040 160
Pynursia 140 040 D40 08B0 060 000 -D40 120 120 -040 040 160
Wawsynram 160 DB0 040 0B0 0G0 000 -040 120 120 -020 D040 150
Mawkynrew 140 080 040 O0B0 040 000 -040 120 100 -020 060 160
Mawphiang 160 040 040 O0B0 060 020 -040 100 100 -020 060 160

ylliem 160 040 D040 080 040 D000 -040 100 D8 -D20 DEC 140
Wawryngkneg 140 040 D40 060 040 000 -040 100 100 -040 040 160

Latoh 160 040 D040 080 040 000 -040 100 100 -020 050 160

WIH  Thadiaskein 140 040 040 O0B0 040 000 -040 100 120 -040 040 140
Amlarem 120 060 020 080 040 000 -0G0 100 100 040 040 140

L asksin 140 020 040 080 040 000 -DG0 100 100 040 DE0 160

EJR  Salpung 160 100 D40 08B0 040 000 -D40 120 120 020 040 160
Knliehriat 120 080 020 100 040 000 -040 120 100 -020 040 140
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Multimode] ensemble mean changes in frequency of extreme wet monsoon season were estimated
with respect to the historic reference (1981-2012) peried for the near, mid and long terms.

Using SPI as Indicator for extreme wet monsoon season, RCP 2.6 shows increase in extreme wet
monsoon seasons in near (1-2), mid {0-1) and leng term (0-1) [Figure 35, RCP 2.6). RCP 4.5 shows
changes in the range of 0 - 1 years in near term, (-2 wet years in mid term and 0 - 1 years in long
term (Figure 35, RCP4.5). RCP 6.0 shows similar patterns in terms of intensities in mid and long
term while near term changes were higher than the RCP 4.5 near term values (Figure 35, RCP 6.0).
RCF 8.5 shows the exireme scenario where the long term increment in frequency is expected to be
1-2 wet years (Figure 35, RCP 8.5).

2013 - 2040 2041 — 2070 2070-2100
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Figure 36, Multimode! ensermnlle mean profected change in number of severe sxce ptioma  wet man soon seqsan pears [estinu fed
based on Standardized Precipitation and Evgpotranspiration ndex = 1.3)
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Table &, Mulimodal ensamble msan projected change in nembar of savere axcaptional wet monsoon saason
years (sslimated basad on Standardissd Frecipitation and Evapotranspiration |rdax > 1.3) NT [Mear Term 2016
204075 MT Mid Term 2041-2070% and LT (Long Term 2071:2100), Bater figurs 38,

- RCP2E RCP4S ~ RCPBO RCPES
Disfrict  Elock HT MT T NT  MT LT HT MT LT HT MT LT
SWGEH  Zlkzak 120 1400 -0400 020 0600 t20 040 -020 060 -D40 000 22D

Betasing 120 140 -040 €20 060 120 040 -020 0680 -D40 000 220

WEGH Diall 120 120 -0.40 040 040 7140 040 020 080 -020 000 200
Gambegre 120 120 -0.40 040 060 140 040 020 060 -020 000 220

Rengram 120 1200 -0.40 d40 0RO LZ0 040 020 100 -040 000 220

Dadengra 120 120 -0.40 040 060 100 020 OO0 060 -040 000 220

5 aleelia 120 120 -0.40 Q40 060 100 040 020 060 -060 000 2220

Tikrikilz o 123 -0.40 040 DB 100 040 000 08D -040 OO0 220

HEGH Kharkutta 1200 140 -040 020 o040 120 020 -020 060 -DEZD OO0 220
Hesubelpara 120 w20 -0a40 Q40 0GR 120 040 -D20 O0BD -040 000 240

EGH S amanda 120 120 -0.40 020 060 120 040 000 0680 -040 000 220
Ronglenp 120 w20 -0a40 020 040 120 040 -D20 TOD -02D DO0 220

Sonpsak 120 120 -040 €20 060 120 o020 -0.20 0680 -DGO Q00 220

SGH Gasapara 120 120 -0.40 020 040 7140 040 -020 060 -040 000 220
Baghraia 120 120 -040 020 060 140 D040 -0.20 0680 -D40 -020 200

Chokpot 20 120 -040 020 0RO 140 040 -020 060 -020 D20 200

Rongra 140 120 -0.40 020 060 140 020 OO0 060 -020 -D20 200

WEKH Mairang i60 080 -040 OG0 020 OB0D 020 -040 140 -040 000 140
M avrnshyn 120 140 -040 020 040 120 040 000 100 -020 020 200

I iarra shan 120 140 -060 000 020 1E0 040 -0200 100 -020 020 200
Hongstoin 120 140 -0BG OO0 040 120 020 -040 100 -04D DOD 200

SWKH Iawkyrwal 160 080 -060 040 040 060 020 -020 140 -040 -020 16D
Ranikor 140 080 -040 060 O0BC 040 020 000 140 -020 020 140

Rl Bhol  Jirang 180 020 -020 100 100 -020 020 020 140 020 000 140
Limsning 200 w0 -02¢ 0B0 040 UEOD 040 000 TEBD D20 000 16D

Limiling 180 080 -020 100 040 OG0 040 -020 160 O20 000 160

EKH Shella Bholapan] 140 080 -040 OG0 060 040 0.00 000 140 -020 000 140
Pynursia 120 100 -040 060 040 040 000 -0.20 160 -D20 -D20 .60

M awsyn=m 140 06&0 -040 OG0 OCRO 040 0.00 -020 140 -040 -D20 140

I awkynrew 140 100 -0.40 040 040 040 020 000 160 -020 000 160
WMawpiang 140 080 -040 d60 0RO 040 020 -020 140 -040 000 140

i ylliem 140 @G80 -0.40 040 040 040 020 -020 16D -0.20 OO0 16D

3w yrigh 160 160 100 -040 OG0 040 040 020 -020 16D -DEZD 000 1ED

Laitkroh 140 100 -040 040 040 040 020 000 116D -020 ODOO 140

WJH Thadlaskein 180 100 -040 OG0 040 040 020 000 160 -020 020 160
Amlgrem 120 oo -0a40 060 OG0 040 020 -020 16D -020 D00 16D

Laskeain 160 100 -0.40 060 040 040 020 000 160 -020 000 160

EJH salpung 060 060 -040 060 020 020 000 -020 160D -D6D -040 140
kKhliehriat 100 100 -040 060 020 020 o020 -020 160 -D40 -D20 14D

When considering SPEI as an indicator for exceptional wet monsoon, an increasing number of
extremewetmonsoon is expected in the projected future (Figure 36). RCP 2.6 shows an increment
of0-2 wetseasons in near term, -2 in mid term and -1 - Oinlong term (Figure 36, RCP 2.6). RCP
4.5 projects increments of 0- 1 spell in near term, 0-1 spell in mid-term and 0-2 spells in long term
(Figure 36, RCP 45), RCP 6.0 shows 0-1 such spell in near term, -1 - O spell in mid term and with a
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large coverage in long term change of 1-2 spells in the region (Figure 36, RCP 6.0). As for the most
extreme scenario, the change in near term is expected to be-1 - 0 spell, in mid term -1- 0 spells
and in long term 1-3 spells in the State of Meghalaya (Figure 36, RCP 8.5). Changes in drought
spells were nearly negligible for the projections, thus werenot included in the documentation.

Section summary
s Theprojections suggest an overall increase in number of extreme wet monsoons.

s Extreme predpitation frequency may rise in all RCPs in mid and long terms, and this change is
prominent mostly in the southern and north-eastern regions of the State inlong term.

s Changesin frequency of droughts were negligible.

4.2.3 Air Temperature
The Multimodel ensemble mean changes based on the downscaled and bias corrected data from
the five best CMIPS models were estimated for all four RCPs and for the MNear (2013-2040), Mid
(2041-2070) and Long term (207 1-2100).
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Figure 37, Multimodel ensemble reean projected change tn Mean témperature )
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Mean annual maximum temperature is projected to rise by 0-1.5 °C in the neas, mid, and long
terms. The intensity may be the same but spatial extents may be quite different (Figure 37, RCP
2.6). RCP 4.5 shows higher increase in temperature with 0,9-1.7 °Cin the near and mid term while
in the long term it is projected to rise by 1.3-2.2 °C (Figure 37, RCP 45). RCP 6.0 shows milder
increases in air temperature, in near term the inorease is projected to be 0.7-0.8 "C, while in the
mid and long term the changes are projected be to 1.4-2.5 °C (Figure 37, RCFP 6.0).

The RCP B.5 shows even higher rise in temperature: 0.7-0.9 *Cin the near term, 1.4-2.2 °Cin the
mid term and more than 3.5 °C in the long term (Figure 37, RCP 8.5). The changes are lower in
the central plateau for all the scenarios, These regions may face lower temperature changes as
compared to other regions.

Table 7. Multimodel ansamble mean projssted changein Meari tamperature ("Gl NT [Near Tarm 2016-20400; MT

[Mid Term 2041-2070); and LT [Lang Term 287 1-2100) Refar figure 37,

RGP 2.6 RCP 4.5 RCP6.0 RCPBS

District Block HT  MT ir HT  MT LT HT MT LT HT MT LT
SWGH Zikzak 0B 124 126 083 168 202 €73 187 233 086 213 1M
Betasing D86 124 126 093 158 202 073 137 233 0B 213 38
WEH il 0B 124 126 0HF 157 202 G72 1537 231 08F 219 304
Gambagre 086 124 126 083 1588 202 072 137 232 08 213 O
Rongram 086 124 1326 0B 158 20 073 137 233 086 213 355
Dardengre 086 124 127 033 169 200 073 137 233 O0B6 213 355
Selsella 086 124 12F 083 158 200 073 KT 233 0B 219 35D
Tikrikllia 0B 124 127 0HF 158 20 G073 137 283 086 213 355
HEH Kharkuttz 086 124 125 083 1588 202 072 137 23 08 213 O
HEsLbel pars o086 124 1326 0B 1B 200 0V 137 233 086 213 3o
EGH Samanda 0B 124 126 083 158 202 073 137 232 086 213 354
Hongeng D86 124 125 093 158 202 073 137 233 0B 213 3
Songsak 086 124 126 083 158 202 073 137 233 088 219 384
SGH Gasuapara 086 124 126 083 158 202 073 137 232 086 213 OH
Baghmara 086 124 135 083 1F 20 073 106 232 086 213 3o
Chiokpot 086 124 126 D083 157 2M 073 137 231 086 213 354
Aonpa 88 124 125 082 1567 201 072 136 231 o84 213 354
WEH Mam@ng 085 126 13 087 158 2068 OF3 140 239 O0ve 217 358
Ik ey Lt 086 124 125 084 188 201 074 137 232 0EY 218 O
W awihadralshan o086 124 135 O34 156B 20 0V 137 232 086 218 3o
Honpsioin 085 124 125 083 158 202 072 137 233 084 218 354
SWEH @k yrwat o84 124 147 08B 159 204 082 148 234 OVE 213 355
Hanikar g8 124 147 0B% 159 203 062 143 233 077 220 3JM
Ri Bhoi Jirang 085 086 218 O0BE 124 127 081 15 203 073 137 23
Lrnening 088 123 133 098 161 21 076 145 242 080 218 3R
Urmiling 087 124 133 034 161 209 076 144 242 080 2717 3.58
EKH ahella Bholagan) &84 130 147 08F 181 242 083 150 245 OV4 22D 364
FyNLrsa 084 133 147 083 163 212 0B3 1560 246 OF7 220 366
I awsyniam 033 128 147 088 167 209 082 143 241 OF4 270 360
awkyniew 093 133 147 093 163 212 082 149 246 O7E 219 36T
mavphliang 083 123 147 08% 160 209 082 1439 242 074 213 J&
Ml ylligm 093 130 147 09 1687 290 oB2 149 243 047 213 363
Manrynoknen 083 133 147 084 1R} 242 062 143 246 07 213 366
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RCP 2.6 RCP 4.5 RCP 6.0 RCPBS

District Block NT MT LT NT MT LT NT MT LT NT MT LT
Laltkrah 093 131 147 089 161 211 082 149 245 074 219 365

WiH Thadlaskein o093 136 147 097 167 214 0B 149 249 0B 219 368
Amilarem 094 136 147 098 167 212 082 149 247 0B3 220 368
Laskein 0% 137 147 100 168 2714 083 150 250 0B85 230 369

EIH Saipung 100 143 150 105 171 216 084 152 252 089 223 3.70
Khliehriat 098 139 147 103 169 274 082 149 249 087 222 39
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Figure 38, Multimode! ersemile mean profected chinge tn Maximom temperature (0

Figure 38 shows changes in Maximum temperature for all the RCPs. RCP 2.6 suggests an increase
of 0.8-1.6 "C in near, mid and long terin with different spatial coverage (Figure 38, RCP 2.6). RCP
4.5 shows increaze of 1-2.3 °C change in the near, mid, and long terms (Figure 38, RCP 4.5). RCP
6.0 shows milder changes in the range 0.8-2.6 *C which may be expected in the projected future
{Figure 38, RCF £.0). RCP 8.5 shows severe cases, with changes of (.B-2.5 °C in the near and mid
terms, and 3.7-3.8 °C in the long term (Figure 38, RCP B.5).
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Table A, Multimodel ensemble mean projested changa n Maxinum teppersturs (") NT (Meaar Terpn 20168-2040);
MT [Mid Term 2041-2070% and LT [Long Term 2071-2100). Hefar figurs 30,

RCP 26 RCP 4.5 RCPE.O RCPES

District  Elock HT  MT ir HT  MT LT HT MT LT HT MT LT
SWEH  Zlkzak 083 144 142 10 WTE 220 OFF 157 247 082 241 Q6T
Betasing 033 144 142 100 175 220 073 157 247 082 241 16T

WEH Call 032 144 141 089 178 219 078 156 245 091 241 DGR
Gamheprs 92 144 147 099 175 219 OFR  Lee 245 097 241 366

Rongram 083 144 142 1100 VW6 220 08B0 157 247 082 241 36T

Dadengre 083 144 142 100 Ve 220 08B0 157 247 082 241 36T

Seisalla 033 144 142 100 178 220 08O 157 247 082 241 36T

Tikrikilla 093 144 142 100 176 220 08B0 157 247 082 241 Q6T

HGH Kharkutia 082 144 141 098 WTE 220 073 RET 246 081 240 367
Resubelpara 03 14 14 00 VR 22 073 15T 247 082 241 36T

EGH samanda 083 144 142 100 WVE 219 OFE 157 246 082 241 QAT
Ronpieng 033 144 147 100 AFF 219 073 157 246 082 241 36T

Sonpsak 093 144 142 100 176 220 078 157 247 082 241 Q6T

SGH Gaciapara 083 144 140 100 LTS 219 073 LER 245 092 241 367
Baphmara 032 144 141 DB9 NTF 218 078 156 244 D1 241 366

Chokpot 083 14 147 00 WVE 219 OFE 156 245 082 241 QAT

Honpia 092 144 141 D98 175 2 078 156 244 080 241 36

WEH M airang 031 143 147 088 179 226 08B0 160 2054 D085 240 073
¥ awinsy L 683 144 147 12 1Te 220 081 1B 245 84 240 366

IWawihadr aishan 033 144 142 100 7R 220 0A0 157 245 053 240 366
Hongstoin 082 143 147 089 1Fe 220 OF3  1ET 246 091 240 36T

SWKH ifawkyrwal 08 142 159 093 176 221 08O 162 248 081 241 367
Ranlkor 040 143 1589 084 176 219 0B 162 246 O0B1 242 DET

Ri Bhoi  Jirang 082 083 240 083 145 142 09 174 221 080 157 247
Limsning 034 144 131 100 TH1 229 0A3 163 258 086 241 37

Umiling 0% 142 181 1M 18 279 0B 162 258 O0BE 233 176

EKH Shella Bholaman] 1.00 145 163 083 180 226 088 166 255 080 241 3.76
Pynursia 033 147 163 0B85 182 226 08B 165 256 D081 241 378

i awsynram 687 143 1617 083 178 224 O08E 1B 253 09 241 ATl
Mawkynrew 097 146 161 097 184 228 0BE 164 257 0B2 242 373
awphiang 097 143 167 084 180 226 OB 164 256 O0BD 241 374

M ylligm 0.%F 144 161 086 181 227 086 184 236 082 242 376

It iy K reg 037 148 161 099 184 228 086 164 259 085 243 360

Latkroh 097 143 167 093 182 227 OBE 184 256 080 241 3TV

WIH Thadlaskeln 048s w51 158 w03 w87 230 0B6 1EE 262 088 244 382
AmigErem 088 1151 ¥68 103 185 227 0B 163 258 O0BE 243 360

Laskain 102 153 16 .08 188 230 0BB  1ER 262 080 244 382

EJH Sapunp 105 1568 167 110 13 234 0580 1668 264 083 245 385
Khlighnat 102 154 160 147 188 229 0BG 1B 260 OOD 243 3E1
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Changes in mininum temperatore show mild changes in RCP 2.6 with 0.B-1.4 °C in near, mid
and long terms (Figure 39, RCP 2.5). ACP 4.5 suggests an increase in the range of 0.8-1 °C in the
near term, 1-2 °C in mid and long terms (Figure 39, RCP 4.5). RCP 6.0 shows an expected rise in
minimum temperature in the range of .7-0.8 °C in near term, a similar rise in the range 0f 1.1-2.4
*C in the mid and long terms (Figure 39, RPC 6.0). RCP 8.5 shows 0.7-0.8 °C in near term, 1.2-2°C
in mid term and 2.2-3.5 °C in the long term,
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Figure 39, Multi mode! ensembile maan projected change in Minimum temperature (0]

The peaks and plateau of Meghalaya State tends to be less sensitive towards temperature changes
due to the topography of the region. Major changes in temperature were observed in South-West
Khasi Hills, West Gare Hills, East Khasi Hills and East Jaintia Hills.
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Table 9. Multimt dal ensamble mmaan projectaed shange in Minimum temperaturs {*0), NT [Mear Term 2016-2040);
MT [Mid Term 2041-2070% and LT [Long Term 2071-2100). Hefar figurs 38,

RCP 2.6 RCP 4.5 RCPE.O RCPE.S

District  Block NT T o Nt T T NT MT T NT MT T
SWEH  Zikzak 0.ec. 087 71972 O0B7 139 182 0BG 118 213 073 1831 338
Betasing 0.BO D87 1972 087 139 182 0eE 118 2713 079 183 338

WeH Calu 0B0 0A7 1972 087 138 182 0eE 178 213 073 183 338
Gambedre 080 087 112 087 133 182 06E 115 213 078 1593 338
Rongram 0o 0487 102 0B7 138 182 0BG 118 214 073 1831 338
Dadendre 0.BO 0DA7 172 0BT 138 B2 0BE 116 2ZW 073 183 338

selsella 080 087 112 087 138 182 066 118 2ZW 073 153 338

Tikrikila 0.0 0DA7 192 087 139 182 0kR 118 2ZW 073 183 338

HEH Kharkutta 078 0487 111 0Be 133 181 0GB 115 213 078 1593 336
Resubelpara 078 087 172 0B7Y 139 182 066 1158 213 079 183 3.37

EGH Samanda 0.79: 087 131 087 138 182 066 118 213 078 153 337
Rorgiend 078 087 101 087 139 181 0BRE 118 213 073 183 336

sonpsak 08O DA7 112 087 133 18 068 115 213 073 153 338

SGH Gasuapara 08B0 087 172 0B7 139 18 066 118 213 079 153 3.38
Baghrara 0.B0 08 102 087 138 181 066 118 213 078 153 336

Chokpat 080 087 171 087 138 182 0BE 175 213 079 195 337

Rongra 080 087 1.2 087 138 18 066 115 213 073 183 357

WKH Wairang ove 100 196 085 137 184 066 118 271 073 187 3.38
M znshynrut 078 08 101 087 138 180 067 116 272 080 153 335

Wl aw thad raishan 079 DA7 171 087 138 180 067 118 213 073 183 336
Mangstoin 078 087 112 0BF 138 181 0GB 114 213 078 182 336

SWEH  Wawkyrwat 078 087 138 084 147 185 0BOD 132 2715 071 153 340
Ranlkar 081 098 138 085 1471 184 080 132 214 072 19 340

mignol  Jirang o.7g D79 182 080 087 113 085 137 183 0BY 118 214
Umsning 081 1.03 120 08 133 18 06E 124 222 074 185 34)

Urmling 8o 1.02 120 087 139 18 069 123 220 074 B4 34

EKH shella Bholagan| 083 106 138 087 145 1595 080 132 231 071 191 349
Pynursa 0Bs 108 138 081 145 185 080 182 232 075 181 350

M awsynram 088 1.03 138 085 145 183 080 132 227 071 182 346

W awkynew 0Be 107 7138 0B3 1485 185 0B0 132 231 074 152 348
Wawphlang D.8s 1.04 138 084 143 180 080 132 ZE 070 191 344

M ylllem 0Bs 104 138 086 1471 183 080 152 26 072 188 344

M awrynokned 088 1.06 138 088 143 152 080 132 223 073 180 347

Laitkrah 0B8 108 138 O0BE 145 195 0B0 132 230 070 152 348

WiH Thadlaskein 08k 1.07 138 0851 144 184 080 132 232 076 189 348
Amlarem 080 108 138 0584 145 185 080 132 233 073 1582 348

Laskeln 080 1.09 138 0585 145 1.8 080 132 233 078 131 340

EIH Salpung 088 118 138 107 147 197 073 1371 237 0B84 154 342
Khlighrzat 0.4 113 188 0583 147 15 080 132 235 083 18 3
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Section summary

* Maximym temperature has increasing tendency, with central plateau facing the lower amount
of change. The extreme scenario [RCP 8.5) shows increase up to 3.8 °C while in mild scenario
(RCP 4.5), the increment is limited to 2,65 °C in the long term,

* Mean temperatyure shows similar spatial variation as in maximum temperatyre. The increments
in the extreme and mild scenario are limited to 3.7 and 2.2 °C respectively.

= Minimum temperature is alse expected to rise and is limited to 3.5 and 2 °C in the extreme and
mild scenarios for the long term.

4.2 4 Extreme temperature events Hot /Cold days/nights & Heatwaves

In the projeced future climate, the summers are projected to be hotter which leads to higher
number ofhot days and nights. These effects are not only detrimental to the human lives, but may
alzo adversely affed the maturity period of aops, as the growing degree days may change,
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Figure 40; Multimaodel ensem ble prajected change in number of extreme hot days A day may be considered as extremety hot dioy
if the maxi mum tempenature is aiove S5th percentile threshold temperature of the historic period (1981.2012),
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Table 10, Multimodel ensemble projected change in number of extreme hot days, A day may be considered acextremely

hot day if the masimum temperature |s above 25th percentile threshold temperature of the historic period (1981-
2012). NT (Near Term 2018-2040); MT (Mid Term 2041-2070); and LT {Long Term 2071-2100). Refer figure 40.

RCP 25 RCP 45 REP &0 RCF 8.5
LCistrict  Block WT AT LT WT T LT NT T LT NT MT LT
SWGH  Zikzak 1230 2075 1995 1446 2750 3878 900 2607 5589 1313 5077 12545
Betasing 1230 2075 19495 1448 2759 3878 909 2607 5589 1393 5077 12545
WwoH  Dalu 1230 2075 2008 1445 2752 3852 914 2545 5538 1255 4987 12544
Gambedqre 1230 2075 2008 1445 2752 3852 914 2545 5538 1255 4987 12544
Rorigram 1226 2063 1988 1439 2746 3844 BO1 25471 5521 1299 4981 12525
Dadengre 1226 2063 1988 14390 2746 3844 BY1 2541 5521 1307 4981 12525
Selsella 1226 2063 1988 1439 2745 3844 BO] 2541 5521 1291 4981 12525
Tikrikilla 1226 2063 1988 1439 3746 3844 BOI 3541 5538 1337 4981 13525
MNGH  Kharkutta 1336 2229 2202 1565 3042 4472 971 2R12 6334 1402 5587 13334
Resubelpara 1241 2075 2008 1467 2827 4063 927 2647 584 1357 5215 12752
EGH  Samanda 1238 2075 2008 14.67 2807 4027 926 2645 5776 1306 5183 12653
Rongjeng 1308 21,67 2125 1530 2938 4261 945 2757 &082 1373 5443 13154
Songsak 1230 2075 1995 1446 27.50 3908 926 2634 5666 1344 5112 12545
5GH Gasuapara 1230 2075 1995 1446 2759 3IBTE 900 2607 5589 1313 5077 12545
Baghmara 1231 2075 19.95 1467 2768 3918 918 2626 5653 1307 5081 12587
Chokpot 1230 2075 19.95 1443 27,52 3852 BOS 2545 5538 1255 49R7 12544
Rongra 1230 20,75 2008 1445 27.52 3852 914 2545 5538 1255 4987 12544
WEH Mairang 2144 3366 3068 2253 475% 6795 1505 4321 9229 1857 7082 164614

Mawnshynrut 1393 2284 2247 1623 3166 4632 999 2905 6568 1438 5760 13670
Mawthadraishan 1420 2334 2306 1658 3235 4678 1022 2959 5620 1454 5854 13869

MNangstain 1512 2508 2506 1750 3472 51.03 1089 3142 7057 1518 6287 1443
SWKH  Mawkyrwat 17277 2506 3874 1719 3387 4931 1411 3235 6B94 1453 6147 14376
Ranikar 1521 2235 3874 1543 20942 4154 1411 30.08 5BBE 1311 5378 13119
RiBhai  dirang 1783 1535 4923 1578 2602 2620 1443 33313 5230 1112 3233 72463
Umsning 26,33 3759 4751 2485 5372 Ta.25 168BY 4901 10057 21.00 8699 171B2
Lmling 21481 2774 4751 19012 4288 63.84 1569 3867 B6AB 1648 7285 15764

EKH Shella Bholaganj 23.30 3452 4919 2247 4621 6615 1565 4212 9114 1755 7902 16865
Pyrirsla 2377 3702 4910 2410 4973 69325 16323 4660 9686 1809 B219 17346
Mawsynram 2046 2945 4825 19.62 3910 57.64 1467 3546 7939 1593 6930 15694
Maw kyrirew 2553 3740 4825 2418 5008 6958 1444 4741 97Y3 1762 B2eT 17436
Mawphlang 2304 3599 4825 2373 4R63 6907 1565 4476 9496 1762 B1BS 17070

Myllierm 2489 3664 4825 2407 4959 69325 1624 4597 09638 176X B217 17309
Mawryngkneg 2730 37.05 4900 2413 4974 6958 1633 4654 9708 17.62 B219 17354
Laitkrah 2389 3700 4825 23BE 4974 6958 1405 4557 96071 1762 BA19 17322
WiH Thadlaskein 2936 4131 5048 2669 5515 7586 1684 5191 10479 1928 BEB4 18177
Amlarem 2429 3766 4910 2485 5072 FOBS 1633 4749 9782 1Be6 B3IRY 17435
Laskein 2781 4131 4981 26469 5515 7586 1684 5191 10479 1928 BBE4 18177
ElH Saipung 2567 4219 4875 2720 5642 T708 1684 5280 10639 1971 BSOS  1BZN
Khliehriat 2330 3705 4702 2417 4974 6935 1573 46098 9708 1762 B219 17354
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Extreme hot days or nights are those days/nights which are rare hottest 5% days or nights,
respectively. Similarly, the cold days or nights are the days/nights which are rare coldest 5% days
ornights, respectively.

Figure 40 shows the changes in the frequency of hot days under the projected future. The patterns
mostly follow the trénds of changes in temperatures. RCP 2.6 shows a prohable increase in number
of hot days in the range of 12-50 days per year for the near, mid, and long terms (Figure 40, RCP
2.6). For RCP 4.5 the projected changes may be in the range of 14-57 days per year in the near
and mid terms, while in long terms the change may rise to 38-60 days per year (Figure 40, RCP
4.5). RCP 6.0 suggests increments in the range of 9-100 days per year in near, mid and long terms
{Figure 40, RCP 6.0). RCP 8.5 Shows the extreme changes of 13-182 days in near, mid and long
term, where in latter periods, the regional extent of higher number of hot days may be larger
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Figure 41, Multimode! ensemble projected change in number af extreme hot nights. A night may be considened a5 extremely hot,
if the mtrimum temperoture (s above 95th percenttle threshold tempe rature of the W storic perfod [1981-2012),
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Table 11, Multimoede| ensemble projected change in number af extreme hot nights. A might may e considersd ds extemely
hot, IF the minimum tem perature is above 95th percentlle threshold temperature of the historic period (1981-
2012). NT [Near Term 20168-2040); MT (Mid Term 2041-2070), and LT {Long Term 2071-2100). Refer figura 41.

RCP 226G RCP 4.5 REP GO RCP RS
District  Block NT  mMT LT NT  MT LT NT  MT LT NT MT LT
SWGH le-:}.ak 3{5.36 373 3544 33-..1] 4541 5-3..3-;'3 22;.41] 45,10 62.53 21;.113 59:12 9-{!..1.13
Betasing 3036 3731 3544 3311 4541 5378 2340 4510 6253 2210 59.2 9043
WeH  Dalu 3050 3752 3576 3311 4565 5425 2340 4578 6310 2ZB10 5955 9115
Gambegre 3050 3751 3572 3371 4561 5435 2340 4554 62097 ZR10 5955 9115
Rongram 30,52 3717 35327 3320 45328 5373 2340 4483 6234 2821 5905 9040
Dadengre 3052 3686 3490 3320 4508 5367 2340 4481 61.89 2821 5886 89.57
Selsella 30,52 3721 3528 3320 4552 5407 2340 4495 6257 2821 5936 90.02
Tikrikilla 30:52 3712 3516 3320 4532 5370 2340 44,83 6247 2821 58095 B9.%4
NGH  Kharkutta 29469 3668 34.72 3217 4458 5256 2320 4455 6131 2780 5787 BO.4
Resubelpara 2995 3666 3465 3287 4451 5256 2336 4450 6118 2806 5787 B9.4
EGH Samanda 30.33 3694 3493 3300 4493 5337 2336 4463 6172 2806 S5B7? BOTS
Rangjeng MBS 3668 3473 3278 4458 5262 2336 4455 6131 2806 5795 BO20
Songsak 3026 3665 34559 33711 4451 5258 2340 4442 6110 2810 5790 BELZ
SGH Gasuapara 3036 3731 3544 33711 4541 5378 2340 4570 6253 2870 5912 9043
Baghmara 336 377 3534 3311 4532 53.70 2340 4492 6242 2810 S5R95 9040
Chakpot 30,50 3740 3555 3371 4551 5407 2340 4512 6260 2810 5949 9067
Rengra 30.50 3752 3576 33171 4565 5425 2340 4550 6300 2810 5955 9095
WEH Mairang 2955 3648 3767 3174 4383 51.29 2367 4529 6073 2613 5654 B724
Mawnshynrut 2962 3597 3388 3224 4391 5103 2339 4378 5987 27.93 5637 B724
Mawt hadraishan 2991 3634 34.37 32371 4430 51,82 2330 4423 8069 2787 5714 B4
Mongstain 2869 3068 34.72 3212 4458 5256 2305 4455 6131 2739 5787 BO.4
SWKH  Mawkyrwat 30,91 3834 5057 3182 4701 5605 3208 4686 6467 2537 61.07 9290
Ranikar 31.93 39,10 5057 3274 4781 5673 3208 4694 6505 2608 6200 9295
RiBhai  Jirang 2785 853 5748 3011 3768 3615 3208 4430 5437 2354 4593 63164
maning 2945 35323 3783 3156 4290 5000 2380 4486 S5B29 2587 5454 82322
Umling 2846 3344 3783 3052 40071 4642 2390 4430 5533 2507 5077 7764
EKH Shella Bholagan| 3717 4560 .50.57 3R02° 5330 60,59 3208 5319 69.22 2045 6565 9475
Pyriursla 3824 4642 5057 3976 5346 G0BY 3208 5326 6947 3121 G598 9539
Mawsynram 3681 4375 5057 3473 5225 £132 3208 5215 6973 2712 6050 96.64
M kyrrew 3780 4570 5057 3793 5330 8089 3208 5311 6954 2997 6598 96.64
Mawphlang 3707 4149 5057 3338 4976 S5BA9 3208 4946 6859 2597 6401 9516
Mylliem 3707 41,02 5057 3393 4856 5668 3208 4819 6592 2701 61.73 94.06
Mawryngkneg 3707 4239 5057 3555 4064 5799 3208 4943 6671 ZR00 6243 9416
Laitkroh 3707 4493 5057 3645 5XB6 6108 3208 5264 6957 2828 6607 9617
WiIH Thadlaskein 348 4207 5057 3580 4846 5625 3208 4855 6438 2822 6048 90.00
Amlarem 4038 4635 51.77 4047 5337 B0BY 3259 5373 6947 3233 6598 9589
Laskein 37.07 4455 5057 3873 5042 5770 3208 5046 6555 31.21 6252 9133
EIH Saipung 4047 4904 4980 4308 5496 61.95 3287 5444 TOTT 3464 6687 9523
Khliehriat 4231 5006 5279 4424 5689 6407 3336 5671 7311 3572 6232 9971
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Similar to the frequency patterns of hot days in the projected future, hot nights also show an
overall increase in all the RCPs. With milder changes in RCPs 2.6 and 4.5, the projected range of
such changes is 27-64 days per year (Figure 41, RCP 2.6, and RCP 4.5). RCP 6.0 shows changes in
the range of 23-56 days per year in the near and mid term. The long term changes are projected in
the range of 54-73 days per year (Figure 41, RCP 6.0). RCP B.5 shows an increase in the munber
of hot nights in the range of 25-7{ for the near and mid terms, while a severe case in the long term
projection shows changes in the range of 78-100 days per year (Figure 41, RCP B.5), The changes
in the number of hot and cold days are consistently positive for the regions with higher changes
in magnitudes of temperatures.
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Figure 42, Multimode! ensemble projected change In numiber of extreme cold days. A doy mey be consdersd ax cold, (f the
maximiem temperature is beiow Sth percentile threshold temperature of the historic perfod [1581-2012],
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Table 12 Multimoede| efsemble project=d change in number of extreme old days, A day may be considered as cold, if the
maximum tem perature is below 5th percentile threshold temperature of the historic period (1981-2012) NT (Mear
Term 2016-2040%; MT Mid Term 2041-2070); and LT (Long Term 2071-2100). Refer figure 42,

REP25 RCP4.5 RCP &0 RCP 8BS

Cistrict  Block INT MT LT NT MT LT NT mr LT NT MT LT
SWGH Zi.hzak -213 =305 -323 233 -353 459 -0 322 479 214 AJB 630
Betasing -21.3 305 323 223 393 459 -207 322 479 274 478 630
WGH  Dalu -21.1 302 -322 221 -38%9 456 -197 317 478 -21.0 473 627
Gambegre 211 302 322 221 -3B89 456 197 -7 A7e -210 473 627
Reangram -213 305 324 225 -394 460 202 322 480 -215 478 633
Cadengre -213 =305 -324 235 -3%4 460 -2 322 -4BD -21.5 A7EB 633
Selsella -21.3 -35 324 225 -394 460 -202 -322 4980 215 4748 633
Tikrikilla 213 305 324 225 -394 460 -2 322 480 -215 478 633
MNGH  Kharkutta 211 302 321 220 -39 456 197 330 476 -210 472 625
Resubelpara -213 303 323 223 392 459 -0 320 478 -214 435 630
EGH Samanda 213 303 -323 223 397 459 2040 321 7B 214 475 630
Rangjeng -21.3 303 323 223 392 459 -200 327 478 274 475 630
Songsak -213 305 323 223 3493 459 -0 322 478 -214 478 630
SGH  Gasuapara 21.3 305 323 223 -383 459 -0 332 479 -214 47B 630
Baghmara -213 303 323 223 392 459 - 319 4759 -214 478 630
Chokpot -3 305 -323 223 393 459 00 322 475 214 4ATE 630
Rangra 21,1 307 3271 220 387 454 195 316 475 208 472 625
WkH  Mairang -190 -286 314 201 -3B5 448 77 317 468 183 450 607
Mawnshyrirut 214 307 325 226 -387 464 -3 -33B 4B3 -21.8 481 635
Mawthadraishan 211 305 322 224 -394 460 -0 -323 4B -114 476 630
Mangstain 203 301 316 216 -3B89 454 -192 318 473 204 -A68 622
SWER  Mawkyrwat -18.7 -288 310 -198 -367 411 -179 306 -457 -1B3 424 -544
Ranikar -188 -287 311 201 -366 411 B2 308 454 186 414 544
RiBhal Jirang -191 -21.8 458 -208 -305 -325 -8B -3B1 461 -193 313 482
Umsning -189 -294 -312 -198 -3B4 440 -89 316 463 -17.9 440 -S89
Lmling -89 291 -31.1 201 -3B6 M3 -1Fs 324 463 -1A3 443 593
EkH  Shella Bholagan) -190 287 -314 1922 -365 410 -16d 305 -453 173 4AX1 544
Pyrursla -1B8 286 -314 <192 Ha6 411 -164 305 =453 173 4% 544
Mawsynram -187 -285 313 4191 -3&4 411 -164 305 -453 -17.3 424 544
Mawly nrew -188 287 -314 192 367 41,1 -164 -306 458 -17.3 424 544
Mawphlang -168 -2B7 -314 -194 -3a7 -41.1 -167 3082 -455 -175 424 -54.4
Mylliem -190 287 -314 124 347 411 -166 -313 -458 174 424 544
Mawrynglkneg -188 -287 314 193 387 411 164 -309 4559 -17.3 414 544
Laltkrah -187 -287 314 192 37 411 -164 306 -455 -17.3 424 544
WIH  Thadlaskein -191 -294 315 -194 373 411 -l66 -310 459 173 424 544
Amlarem -188 286 315 194 367 410 -165 3048 -454 -173 423 544
Laskein =121 290 -314 124 370 411 -166 -30E -454 174 4X1 544
ElH  Saipung -194 -286 317 191 -374 415 163 -30B 447 175 4r4 544
Khlighriat -189 -287 -31.0 190 -3&7 A07 163 302 449 -17.2 420 544
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With projected increase in temperatures, the frequency of cold days is expected to decline in the
future. RCP 2.6 shows a decline of 18 to 30 days in the near, mid, and long terms [Figure 42, RCP
2.6). RCP 4.5 shows decline in the range of 16 to 40 days in the near and mid terms, and 40-46
days decline in the long term (Figure 42, RCP 4.5}. RCP 6.0 shows a decline in 16-32 days per year
in the near and mid terms, and 45-48 days per year decline in the long term (Figure 42, RCP 6.0).
RCF 8.5 shows decline of 17-21 days per year in the near term, 32-44 days per year in the mid term
and more than 54 days decline in the long term (Figure 42, RCP 8.5},

Cold nights are also projected to decline, RCP 2.6 shows a milder decline in the range 0of 14-22 days
per year in the near, mid, and long terms {Figure 43, RCP 2.6), RCF 4.5 shows a decline in 15-26
days per year in the near, mid, and long terms (Figure 43, RCP 4,5), RCP 6,0 shows 14-4{ days per
year in the near and mid terms, while a decline of 6-9 days is expected in the long term (Figure
43, RCP 6.0). For the RCP B.5 a decline of 14-15 days in the near term and 20-61 days decline is
projected in the mid and long terms (Figure 43, RCP 8.5).
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Figure 43, Multimodel ensemble projfected change in mumber of extreme cold mights. A night may be considered as cold, if the
mirimum temperature {s below S5th percentile threshold termperatire of the fistorfo perfod [1981-2012],

A general decline in number of cold days is expected in a warming climate. The declining pattern
conforms to that of the changes in temp eratures.
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Table 13, Multimode| efsemble projected changea in number af extreme caold nights. A right may be considered as cold, if

the minimum temperature is below 5th percentile threshold temperatlre of the historc period (1981-2012) NT
{Mear Term 2018-2040; MT (Mid Termn 2041-2070); and LT (Long Term 2071 -2100). Reter flgune-43.

RCP 26 RCP 4.5 RCP &0 RCPES

District  Block NT 'MT LT NT ‘MT LT NT MT LT NT MT LT
SWGH le-:za.lf. -152 177 21F -l66 -261 -3&5% -14B -199 -383 155 367 -60.F
Betasing 152 177 <217 -lab: -61 365 -148 -199 -393 -1546 367 -607F
WiEH Dalu 181 196 <217 -l66 -260 364 -149 1948 -392 -154 365 606
Gambegre -1%1 176 -21.7 -166 -260 364 -148 -198 -392 -154 365 -606
Rongram -15.1 177 <218 -167 264 365 146 159 394 155 367 607
Cadengre -151 =177 =218 -166 -261 365 -14F -199 -384 -156 367 607
Selsella -1%1 977 <218 -165 -260 -365 147 199 -394 -155 -367 607
Tikrikilla -151 %7 <218 -l66 -26.) -365 -147 -199 -394 -155 -387 -60F
MNGH Kharkutta -150 173 -213 166 -260 -364 -148 -199 391 -156 -365 606
Resubelpara 151 176 2148 187 260 365 147 -199 393 157 3648 606
EGH Samanda -152 A1F6 <13 -1aF -2 -365 148 -199 383 -157 364 -606
Rongjena -1%1 974 -215 &7 -260 -364 147 199 392 -157 -3646 606
Songsak -15.2 %7 <217 a7 -26) -365 -147 -199 393 157 -387 607
SGH Gasuapara -152 977 -217 -la6 -260 -365 -149 -199 393 155 -367 607
Baghmara 152 77 -7 a7 261 384 149 -199 393 -155 366 607
Chakpot -152 %7 N3 1a¥ 3B -365 148 -199 383 -155 367 -60.7
Rongra -1%1 176 <217 -la6 -259 -363 -149 197 392 -155 -363 605
WeH Mairang 144 1671 213 -158 -280 366 -143 -194 392 -145 -349 607
Mawnshyrrut -151 177 213 167 -260 -364 149 -200 -390 -158 -366 607
Mawthadraishan  -1%1 171 -215 -167 -26.01 -364 -149 -199 393 -157 -365 -60.7
Mangstain -1508 -1&9 <13 -1a5 -26.) -364 148 -197 391 -153 -362 -605
SWKH Mawkyrwat -148 -159 -223 -1%5 -239 -354 -144 189 -388 -144 -320 -580
Ranikor -148 159 -223 -156 -239 -354 -14.7 199 -3B6 -145 -320 580
Ri Bhal Jirang -1440 <156 -355 -153 178 -219 -162 -2%6 -365 -147 -200 -394
LUrmsning 142 4161 -215 -15& -84 -371 -147 -193 -399 -J43 348 613
Limling -140 158 -H4 -156 -258 -366 -140 -195 -392 143 -348 605
EKH Shella Bholaganj -148 159 -223 -153 -239 -354 140 176 -390 143 320 580
Pynursla -148 <159 -233 -154 -235 354 -140 176 -389 -143 -330 580
Maw synram 146 -159 -223 -15.2 -239 354 -140 78 387 -143 320 -580
Maw kynrew -146 -159 -223 -154 -239 -354 -140 176 -390 -143 320 -580
Maw phlang -14,6 =159 <223 -153 -39 354 140 -179 300 -143 320 -580
Myllierm -146 -158 -2323 -154 -238 354 -140 -180 -35.0 -143 320 -580
Mawrynghkneg 146 -1589 -223 -155 -239 354 -140 179 -390 -143 320 580
Laitkrah -146 -159 -223 152 -239 -354 -140 176 -390 -143 -320 -580
WiH Thadlask=in 147 -159 -223 158 -239 -354 -140 -181 -390 -142 -320 -580
Amlarem 148 -159 -223 -159 -39 353 140 178 387 -142 320 -580
Laskein -148 -158 -223 -160 -238 -354 -140 178 320 -143 -320 -580
EIH Saipung -151 158 -222 -1&2 -238 -354 1318 167 390 -143 -320 583
Khlighriat -150 -159 -224 -162 -239 -353 -1349 171 387 -143 -31.9 -580
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The projected rise in temperature also suggest an increment in continueus exceptional
warm days. Heatwaves in such a scenario is expected to rise in future. Figure 44 shows
changes in frequency of heatwaves. The change in frequency in RCP 2.6 is expected to be
in the range of 3-7 per year in near, mid and long term (Figure 44, RCP 2.6). RCP 4.5 shows
changes in heatwaves in the range of 4-7 per year in near term, 4-8 per year in mid term
and 4-10 per year in long term (Figure 44, RCP 4.5]. RCP 6.0 shows 5-7 per year change
in region for near term, 5-8 per year in mid term and 5-13 in long terms [Figure 44, RCP
6.0). RCP 8,5 shows rise in the frequency in the range of 6-9 per year in the near term, 6-13
per year in mid term and 7-20 per year in the long term. The rise in temperature in general
and rise in the number of hot days promotes heatwaves.
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Figure 4. Multimode| ensemble profected change in frequency of heatwaves in the projected future. The base period for change
calculotion i 19812012, A speli of length gremter than 6 doys with magimaum temperature greoter than 95th percentile
tHrreshold of the observation period [1981-2012) is considered as heatvwave spell,
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Table 14, Multimodal ensemble projected ahanga infrequarcy of heatwaves in tha projected futlre. The bass
pariod far phange caloulation 8 1901-2012, A spell of length greatar thar 6 days with maximum temp ératures
greater than BSth peroantllethreshold of the obsarvation panad [1801-2012)is considered as heatwavea spell. NT

[Mear Term 2016-2040% MT (Mid Term 2041-2070); and LT [Long Term 2071-2100), Reterfiguire 44.

RCP 2.6 RCP 45 ACR 6.0 ACP 8.5

Distrie Block NT  WT F MT W7 L¥ T WT  LF ur mr o
SWEH Tizak 425 BDO 480 582 BES0 740 ESE 7OO0 1080 GE44 11T 1BOO
Batasing 408 500 4890 EB&? RO 74D B5E TOD 1DE0 B44 NTD EOD

W GH i 4% 590 570 &EE B0 80 74E 970 1300 @SR 13 000
Gambegre 4BB EBM0 EED GSE 7O0 BOD 7B BED 120D EEE 1ZED I0ED

Fongram 348 40 3 4B EBD ST0 SO0 B4D BOD TJ4E 4D 1E20

Dadengrs 430 G50 490 R7B 720 70 GBO B30 1050 A44 118D 1TED
Selsella 476 B0 G40 GIF THO BED TAB BED 1150 B850 1250 79.10

Tikaikilta 440 R0 B0 B3 TR0 770 BAD B4 1RG0 A44 116D TR0

NEH Kharkulia B0 460 470 S BP0 BE BR20 T4D 920 THD 1040 1BZD
Resubelpaa 476 5580 540 630 750 870 T8 BTV0D 1200 BSE 1250 185D

EGH Sanmuda 348 410 HBD 48D 550 570 SRR BO0  7TOD  T4E 440 13S0
Fonpgeng 378 4BD 400 508 BO0 B30 B2D 740 BED  TED 100 DD

Sonpsak 39 480 430 G556 G40 TFOD G50 TED 940 TSR 1000 TEED

SGH Gaslapara 428 500 400 ES?  ES0 T40 G5B TOD 10BD EB4d 117D IBOD
Baghmara A7B 500 4BD SB? ET0 730 656 TOD 1040 B4E 116D ITED

Chokpo! 426 G500 4B0 574 660 TI0 BAED A0 D40 HIE 1140 FT

Fonpra 476 B0 ©40 GI0 TFHO BI0 TAG BED 11GD @56 1250 790

WEH Mairang 2 250 280 37 IF0 370 SO0 50D 50D G3D G40 TTO
it aws sty 250 340 300 4P 480 4080 550 B®) T30 EBD  B4D 122D
Mawthadraishan 280 280 240 420 420 420 G50 GO0 G570 &BD 70 B30

Hongstnin 280 280 280 420 450 460 S5HD RBO ETD  RBOD  TAD 7100

SWKH i awk yrwal 29p 400D 400 420 460 430 G550 E10 EE0D  GBD TED 940
Ranikor 158 EB7D OO 480 GBOD GSV0 R2B 740 BM0  TEE 800 1480

Ai Bhol Jirang 374 BBO T4D 45 EPD 5ED SB2Z  BSD BTD  TI0 BEBD 132D
Umening 230 280 2B 3ED 360D 3 480 480 500 BP0 G40 TED

Umling 230 670 T30 356 470 470 S50 &30 FI0 G40 TED 106D

EKH Ehefa Enofagar ZE0 40 430 400 460 470 530D B0 EBD 65 T40 B3O
Pynursia 240 400 400 380 400 400 5E0 540 620 64D 740 BED

IVt synram 270 670 670 428 450 500 G540 E30 T G6ED TO0  IDED

W v @w 230 340 350 3BED 3B0 380 50 B on20 636 &40 TTO

Wi awpiang 250 ‘340 950 3BD 3B 3BOD 5D 590 5P A4D G40 THO

M yllien 240 34D 350 3BO O3B0 3BOD HID HI0  BE 640 G40 THD

I ryngkneg 230 340 3H0 380 380D 98D S 510 S0 64D G40 TED

Laitornn 25 360 350 3E0 @80 380 510 520 550 G40 BBO  BAD

WiH Trad asxein za 2BO0 25 IG0 IT0 370 48D EO0 EO0 &ED B3 BT
Amlaram 240 3.30 20 38D 380 380 510 EH2D 5HD G40 GAD TFO

Laskein 240 260 260 38O 3BO O3BO G0 BI0 510 640 G40 EBD

EJH Sapung 260 260 260 38D 300 AL0 520 520 G20 &S50 &0 FOD
Khiistiial 250 370 350 3E0 B0 3% 510 510 550 G40 BT ADD
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Section summary

* The ingease in temperature may also result in the inaease in extreme hot days and nights.
The hot days in the extreme scenario (RCP 8.5) may rise by more than 100 dayvs per year, while
in the mild (RCP 4.5) scenario, the change may be above 50 days per vear, Similarly, hot nights
frequency is expected to increase by more than 80 days in the extreme scenario (RCP B.5),
whil e the increments in the mild scenario (RCP 45)may be expected to rise by 60 days per vear
in the long term.

* Theincrease in temperature may also result in the decrease in extreme cold days and nights.
The cold days in the extreme scenario (RCP 8.5) may drop more than 60 days per year whilein
the mild (RCP 4.5), the change may be above 4 days per year. Similarly, cold nights frequency
is expected to drop by more than 60 daysin the extreme scenario (RCP 8.5), while the decrease
in the mild scenario (RCP 4.5) may b e expected to be 30 days per year in the long term.

s Heatwaves frequency is expected to rise by more than 20 spells per year in the extreme (RCP
8.5) scenario and up to 12 events per yearin mild (RCP 4.5) scenario in long term.

4.3 Climate Vulnerability Hotspots

Climate vulnerability hostspots are those regions which are more susceptible to changes in
climate. Theseregions can be identified by analyzing the influencing factors individually. Previous
sections dealt with the analysis for individual factors. To have a complete understanding of risks,
an assessment based on multiple factors is needed, which can help us to identify hotspots and
develop adaptation strategies.

We developed the two indices based on air temperature and precipitation to identify the regions
that are vulnerable to climate change hazards using the methodology described in Hagenlocher
et al. (2014) with some modifications. These indices are Precipitation Based Vulnerability Index
(PEVI) and Temperature Based Vulnerability Index (TEVI). For each index, some sub indicators
(S1) were used to represent the contribution from each of them. For instance, PEVI has historic
median precipitation (1281-2012), changes in projected precipitation (2013-2100), and projected
frequency of extreme predpitation events (2013-2100) as sub-indicators. TBVI has historicmean
temperature (1981-2012), projected temperature change (20 13-2100) and projected frequency
of extireme hotand hotnights (2013-2100) as sub indicators.

To capture changes in projections from different RCPs, average values of all RCPs was used for
each SL In terms of vulnerability, all sub-indicators can be considered contributing with equal
weightage Allthe Slswere thennormalized, so thatthevariables become comparable in magnitude.
The normalisation range is also kept same, that is, 0 to 1, since the weightage of all §ls are equal.
Mormalisation is a process of changing the magnitudes of a datasets to a desired range (here, the
range is 0 to 1). Normalisation can be done for variables (Var ) to obtain new values (Var ) in
the desired range using following equation:

Combined Vulnerability Index (PEVI and TEVI) was then computed by adding the normalised
values (in therange of 0 to 1) of all the 51z considered and finally dividing the sum by the number
of 5Is used. This procedure gave values in the range of (0 to 1 for of PEVI and TEVI for each grid
considered in the study domain. Based on severity of the vulnerahility ind ex, the indices (PEV] and
TBVT) were categorised as mild (0 to 0.4), high (0.4 to 0.7), and extreme (0.7 to 1) (Figure 45 and
Figure46). 3o0,ahighervalue representsaregion athigherrisk in terms of climate change hazards
based on precipitation or temperature events and vice versa.

Table 15 shows the median of PBVI and TBVI of all the grids that are falling within the boundary
of a blodt. The values in red show highly vulnerable blocks, blue represent moderate, and black
representless vulnerable block with respect to precipitation and temperature events.

L

Figure 45 shows the climate vulnerability map of Meghalaya with respect to predpitation based
events. South West Khasi Hills, West Khasi Hills, some parts of East Khasi Hills, South West Garo
Hills and West Garo Hills are at high risk with respect to predpitation based hazards. East Jaintia
Hills, Ri Bhoi and South Garo Hills are at moderate risk while the rest of the State face mild risk.
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Figure 46, . Map showing climate vilnerability hotspots with respect to temperature events for the State of Meghalmya,
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Table 15, The table shows madian values of Temperntus Basad Yulperab ity Indes (TEV]) and FPresiptation
Easad Vulnerabllity |ndax (PEVI) {oreach block in the State of Meghalaya The values |n red reprasants Migh
(0.6-1), blue shows modamte (0.3-0.6), and black shows mild [0=0.4) vulnerability of the blooks with raspect to
tamparatura ar precipitation.

5 Mo. District Block Medion PBVI  Median TEVI
1 SWEH bl [.462 0.23
Z2 Betasing b472 0:23
3 WEH Dalu 0.523 0.74
4 Gambegre B 667 024
b Rongram 0347 022
b Dradengre (287 024
7 Selsela 0.363 0.24
B Tikriklla 0320 0.24
9 HGH Kharkutiz 0357 0.22
i0 Hesubielpara 0312 0.24
1 EGH Samanda 0554 021
12 Rongjeng 327 022
13 & ongeaK 0323 0.23
14 SGH [Gasuapara 472 0.23
18 Baghmara 0.338 022
16 Chokpo 0 356 L |
17 Rongra G475 (23
18 WEH I airanp 043k 0,30
19 filawnsiynmi 0 405 020
20 law thadraishan n:513 017
21 Hangstoin 0.5a8 0.20
22 SWEH Ik i kyrwead 0.672 0.27
23 Hanikor [.640 .31
24 Ri Bhoi Jirang 0. 36t 0.37
25 Limaning 0179 .48
2 Limling B.261 {144
2 EKH Shiella Bholagan| (.408 0,56
& Pyniursta 0372 il
23 IAWSYTH T 0 593 0 &
a0 MankAmrew 0269 054
N fawphianp 0 439 046
32 M ylliem 0335 047
33 I 3 ymigk neg 0202 054
34 Latkioh 0,369 0452
a5 WJH Thadlaskein 0131 0.5
36 Amilarem (1335 (.69
ar Laskain 0.259 .62
38 EJH sapung [0.357 081
34 KHlighrat 0487 0.70

Figure 46 shows dimate vulnerability hotspots with respect to temperature based hazards.
Districts such as East Jaintia Hill, West Jaintia Hills, and some parts of East Khasi Hills and Ri Bhoi
are at high risk, while the rest are at mild risk with respec to temperature events. The central
plateau and Garo Hills region may face mild risk with respect to temperature based hazards.
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5.
Inferences

Based on the study following conclusions can be made:

1. The State of Meghalaya received an average rainfall of 4085 mm in the observed period. Out
of this, around 72% of the rainfall is received during the monsoon season. The amount of
precipitation received in different parts of the State varies considerably. We find that the
average monsoon season precipitation changed at therate of 11.56 mm/yrin the period 1981-
2012, However, this change was not uniform throughout the State. The central districts, West
Khazi Hills, South West Khasi Hills and East Khasi Hills, showed higher changes than the rest
of the State. The change in the frequency of extreme rainfall events was mostly uniform in the
region with relatively higher values for East Khasi Hills district.

2. Based on SPI/SPEI it is concluded that the northern regions of the State has fewer extreme
wet monsoons (0-2) than the rest of the State (2-4). The number of extreme dry periodsin the
State were uniform [ 1-3]).

3. Thecentral Shillong plateauand Garo Hills has thelowest temp eratures in the State.In general,
the spatial average temperature showed an incaease of 0.031 °C per year in the observed
period, which clearly indicates warming of the region.

4. The number of extreme hot nights has a high frequency (43 days per vear). The high values
has increased in the later part of the observed period (198 1-2012). While the numb er of hot
and cold days showed inconclusive changes, the number of cold nights has dedined during
the period of 1981-2012.

5. The State stood comfortable with heatwaves, as the region faced an average of 4 heatwavesin
30 yearsof 1981-2012.

6. Future projections, based on the best five CMIPS models, showed wvariability in both
precipitation and temp erature for different scenarios (RCPs 2.6, 4.5, 6.0 and 8.5). The time
period of evaluation was divided into the near term (2013-2040), mid term (2041-2070), and
long term (207 1-2 100).

7. Precipitation is projected to inaease in the State under the future dimate. The central plateanu
regions are projected to experience an increase in precipitation ata higher rate than the rest
of the State, An increase is projected to be about 3 to 7% under the various scenarios in the
near term with 30 to 40% spatial coverage of the State. The mid-term evaluations suggest 3 to
6% inarease in precipitation with a spatial coverage of 20 to 40% in different scenarios. The
long term increase in precpitation is projected to bein the range of 5% to 13%.

B. The frequency of extreme precipitation events are set to rise as per the projections. Both the
near and mid-term projections showed an increase in the frequency of these extreme events.
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Their frequency is projected to increase under the RCP 45, 6.0 and 8.5 scenarios in mid and
longterms. Number of extreme wet monsoonsare also projected to rise in the long term in all
scenarios.

0. The extreme scenario (RCP 8.5) shows an inarease of as much as 3.8 °C, while in mild scenario
(RCF4.5), the increase in maximum temp erature islimited to 2,6 "Cin the long term, The daily
mean and minimum temperatures alse show an inceasing trend, The mean temperatures
are projected to increase up to 3.7 °C and 2.5 °C for the extreme (RCP 8.5) and mild (RCP 4.5)
scenarios, respectively, in the long term projections. Similarly, an inarease is projected in the
minimum air temperature under the projeded future climate in the State of Meghalaya.

10. Hotdays are projected to rise by as much as 180and 105 days/vear under the RCP8.5and RCP
4.5 scenarios under the projected future climate, Changes in hotnights were milder. The rise
in numb er of hot nights is severe in the south western part of the State and may rise up to 115
days in the extreme (RCP 8.5) scenario. Cold days and nights are projected to decline in the
near, mid and long term under all the RCPs.

11. Heatwaves in the past were very few and in the projections the rise is projected to 110
events/30-vear in the long term under the RCP 8.5. Under the RCP 4.5, the projected number
of heatwaves is 45/30-year under the long term.
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6.
Linking Impacts
to Adaptation

6.1 Introduction

The Paris Asreement entered into force on 4 Movember 2016. 148 Parties out of total 197 Parties
to the UNFCCC have ratified it so far. According to Paris Climate Change Agreement, “Parties
recognize that adaptation is a global challenge faced by all with local, subnational, national,
regional and international dimensions, and thatitis akey compenent of and makes a contribution
to thelong-term global response to climate change to protect people, livelihoods and ecosystems,
taking into account the urgent and immediate needs of those developing country Parties that
are particularly vulnerable to the adverse effects of climate change. * The earlier Copenhagen
Commitments (2009) by werld leaders, "to achieve the ultimate objective of the Conwvention to
stabilize greenhouse gas concentration in the atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate syztem, we shall, recognizing the =cientific view
that the increase in global temperature should be below 2 °C, on the basis of equity and in the
context of sustainable development, enhance our long-term cooperative action to combat cdimate
change. We recognize the critical impacts of climate change and the potential impacts of response
measures on countries particularly vulnerable to its adverse effects and stress the need to establish
a comprehensive adaptation programme induding international support”. The Cancun Agreement
(2010) had strengthened this resolution to limit the global temperature inaease below 2°C
over the pre-industrial levels, The Durban Outcome (20 11) stressed that, even if the two-degree
scenario is met, developing countries, especially the poorest and most vulnerable, will still need
much more support to adaptto the change that is already embedded in the global climate system.
The Warsaw Agreement (2013) agreed to bind nations together into an effective global effort to
reduce emissions rapidly enough to chart humanity's longer-term path out of the danger zone of
climate change, while building adaptation apacity. The Lima COP 20 (20 14) agreed on elevating
adaptation onto the same level as the curbing and cutting of curbing greenhouse gas emissions.
Manuel Pulgar-Vidal, the Minister of the Environment of Peru and the COP-20 President, said
“Lima has given new urgency towards fast tracking adaptation and building resilience across the
developing world—not least by strengthening the link to finance and the d evelopment of national
adaptation plans” (htip:/ /newsroom.unfeecint/lima/limacallfor-climate-action-puts-world-on-
track-to-paris-2015/),

The countries therefore agreed in Paris that "Parties recognize thatthe current need for adaptation
is significant and that greater levels of mitigation can reduce the need for additional adaptation
efforts, and that greater adaptation needs can involve greater adaptation costs" Climate change
is projected to have severe adverse impacts on India's population, natural ecosystems, and socio-
economic parameters. India’s vulnerability to dimate change impacts is profound since around
650 million Indians are dependent on rain-fed agriculture for their livelihoods; around 250
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million [ndians live along a 7500 km of coastline that is at high risk due to sea leval rise and
extreme weather events; many of the 10,000-o0dd Indian glaciers are receding at a rapid rate;
and defarestation is happening. India occupies 2.4% of the global land area, supports 17% of the
glcbal population and centributes less than 4% of global greenhouse gas emissions, Sustainable
development is at the core of Indian planning process and India has been making huge efforts
for enhancin g the quality of life of her people including sustained poverty alleviation efforts. The
number of peaple below poverty line has declined from 469 million to about 388 millien during
2005 to 20610, Even then roughly three-fourths of Indian population lives below a daily income of
US$ 2 (PPP). This also highlights the extent of number of people whe are viulnerable to adverse
impacts of a changing dimate. India is much concerned about climate change impacts. According
to [PCC ARS, adaptation and mitigation are complementary strategies for reducing and managing
the risks of climate change. The below 2 °C target also unequivocally indudes the comhined and
cumulative risks of mitigation and adaptation actions. These risks however are over different
time scales - with adaptation risks being faced now. For instance, the global insurance industry,
the largest industry in the world at total direct premiums of about 4.8 trillion US$ in 2014 [over
double the Indian GDP), had insured losses die to natural disasters In the Uniced States alone
i the first half of 2015 at $12.6 billlon, well above the $11.2 billion average in the first halves of
2000 to 2014, according to a July 2015 presentation by Munich Re and the Insurance Informatian
Institute (http: / /wwwiilorg/fact-statistic /eatastrophes-ns).

In Canada, claims on the Insurance industry reached $3.2-billion in 2013, after flaods, hail and
fce storms caused devastating damage across the country, (hitp:/fwww.theglobeandmail.
com/ report-on-husiness feconotny fsevere-weather-leads-to-record-3 2-hillion-In-insurance-
ayoutsfarticle16405099/). This is roughly twice the next highest year on record and a tenfold
increase from the losses sustained a decade ago. Similarly in the UK, the wettest winter on record
is likely to result in £446 million being paid in insyrance claims to customers whose homes,
businesses, and vehicles were flosded during the two-month period 23 December 2013 to 2B
February 2014 (https://wwwabiorguk/News/News-teleases/2014 /03 /6-7-millicn-a-day-in-
insuranceclaimsfrom- customers-hit-hy-the-recent-flooding). The climate change related claims
have been rising steadily in the insurance industry, much faster than anticipated by them (http://
www.cht.ca/news/business ffort-mac-climate-insurance-1,3576%18).

The estimate for a single heavy rain event in Uttarakhand, Indiain 2013 is estimated cost US$ 1.1,
billion economic losses (EMDAT, 2015). The subsequent sections provide a framework to assess
the Adaptation Gap.

6.2 Whatis Adaptation to climate change?

The changing climate is posing unprecedented challenges to existing human and ecenomic
activities, natural ecosystems, and man-made ecosystems in many ways. Firstly, it is creating
new risks for their existence as well as safe and eronomically viable operations. For instance,
infrastructure assets are planned with some visibility of magnitude and type of potential climate
indured risks [Hallegatte, 2009], However due to climate change, new dimensions are being
added to the risk profile of these assets, Climate is changing the conceptual basis of risks and
some specific risks may become maore critical for the asset in future, which are either not visible
today or do not hold importance in the basket of risks that the asset currently faces [Stern, 20071].
Secondly, climate change appears to exacerbate the existing risks faced today. For example, higher
variability in the Indian monscons and temperature profiles temporally and spatially could make
certain crops uncultivable in present form at locations where they are being cultivated presentiy.
Similarly floods and droughts could become mare uncertain and severe, Thirdly, climate change
threatens the usable life span of assets, products and even services. Repulatory or product and
technology risks could make the asset redundant sooner than the planned lifespan or physical
risks could reduce the usable life of the asset [Grimm & Peter, 2008]. Tourlsm services face major
uncertainty due to changing weather conditions and unpredicable weather attourist destinations
during peak tourist seasons. Finally, it creates allied risks that arise out of disruption s in network
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of infrastructure such as supply chain risks [Schenker-Wicki, Inauen, & Olivares, 2010]. In human
systems, the process of adjustment to adual orexpected climate and its effectsin order bo moderate
harm or exploit bene ficial opportunities is normally termed as Adaptation. In natural systems, this
process of adjustment to actual dimate and its effects, and human interventions that may fadlitate
adjustment to expected climate is called Adaptation. Adaptation is supposed to reduce risks and
enhance resilience of natural and man-made systems towards adverse impacts of dimate change.

Risks can only be managed and cannot be completely eliminated. The palliative financial burden,
as discussed in subseguent chapters and demonstrated through an example of Uttrakhand
tragedy in north India during June 2013, could be huge and economic implications can only hie
evaluated till the first or the second order and therefore the total indirect palliative impacts may
be lower than the actual lesses that many sectors and regiens may face. Therefore, the dicice of
right adaptation practices may not always be easv to determine as the costs are unambiguous:
The preventive costs may therefore many a times appear to be infrucduous. Further, the concave
nature of (preventive and palliative) adaptation cost curve could also mean thatthe relationships
between prevention costs and palliative damage costs due to an event may be directly related or
inversely related, depending upon the type of investment and its purpose under discussion. For
instance, construction ofa dam te avoid drought is a preventive mechanism and some expenditure
would be required for the same. But if drought does happen subsequently, one may haveto spend
on palliative damages as well. The palliative costs may be high at times due to food grain prices
goingup on supply-demand shortages ete. It may appear that the expenditure on building the dam
was infructuous in the first place as it did not prevent droughts from occurring. This also shows a
direct relationship between preventive and palliative costs as expenditure is required to restore
the damages due to an event for which some preventive expenditure was already made. On the
otherhand, the same dam may also be used as a fiood prevention mechanism. In such a situation,
ifit does present foods from occurring, palliative costs would be minimum, indicating an inverse
relationship between preventive and palliative costs. Consequently, it becomes important to plan
for potential dimate-induced risks keeping in view the other factors like the time frame for results
in case of a particular adaptive practice or costs for inducing the adaptive measure, what all bypes
of risks the practice covers efc

According to IPCC ARS report of WG-2, benefits from adaptation therefore can already be realized
in addressing current risks, and can be realized in the future for addressing emerging risks.
However economic impact estfimates completed over the past 20 years vary in their coverage
of subsets of economic sectors and depend on a large number of assumptions, many of which
are disputable, and many estimates do not account for catastrophic changes, tipping points, and
many other factors. With these recognized limitations, the incomplete estimates of global annual
economic losses for additional temperature increases of ~2°C are between 0.2 and 2.0% of
income (*1 standard deviation around the mean; medium evidence, medium agreement). Losses
are more likely than not to be greater, rather than smaller, than this range (limited evidence,
high agreement). Additionally, there are large differences between and within countries. Losses
accelerate with greater warming (limited evidence, high agreement) [IPCC, 2014].

6.3 Whatis Adaptation Gap?

The UNEP Adaptation Gap (2014) defines it generically as the difference between actually
implemented adaptation and a societally set goal, determined largely by preferences related to
tolerate dimate change impacts, and refleding resource limitations and competing priorities.

Developing countries such as India have national targets on devel opment with poverty alleviation,
education, health, energy, water, and provision of infrastructure being ameong the top priorities.

These were mostly aligned with the Millennium Development Goals (MDGs) for 1990-2015 and
also the Sustainable Development Goals for 2015-2030, Resource limitations and competing
prierities put constraints on achieving these goals: Changing dimate dynamically interacts with
these goals and may or may not adversely impact them, Adaptation gap therefore is perceived as
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a dynamic concept in this report. Strong mitigation actions today could reduce the climate change
induced impacts on various svstems after a few years. Uncovered mitigation gap today, could
therefore lead to a larger adaptation gap in longer-term. However it should also be noted that any
mitigation action today will not b e able to fill the adaptation gap in short to medium-terms, which
have heen caused by unbridled GHG emissions from Annex-1 countries in the past. It would only
reduce the adaptation gap in the longer-term. Thatis the adaptation dividend of current mitigation
actions would be realized in future. Therefore common but differentiated responsibility (CEDR)
paradigm of climate actions under UNFCCC does not only require more mitigation by developed
countries now so that the world does not face much adverse consequences in future, but also more
supportby them to developingand least developed countries to fill their presentadaptation gaps.

Apart from this time gap between mitigation induced impact reductions achieved in future and
impacts occurring now that would need adaptation, adaptation is also locale specificas againsta
more global character of mitigation. One million tons of GHG emissions mitigated in a developed
country would have the same mitigating effect of one million tons of GHG emissions mitigated in
a developing country due to fungibility of mitigation actions. But one million litres of additional
potable water made available to a water-affluent location will have much less positive externalities
than one million litres of potable water made available to a water-starved region. Adaptation
actions, and therefore actions to reduce Adaptation Gap, have to be very locale spedfic. Similarly
an extreme rainfall eventoccurring over 3 days in a state like Meghalaya could cause more damage
than a similar rainfall over 3 weeks,

The most vulnerable communities and systems, in all probabilities, would not have contributed to
their present climate misery due to their almost miniscule GHG emissions in the past. They may
notbe even aware of the global reasons of the climate impacts they have to face today and tolerate
without any choice. Therefore tolerable impacts should ideally not be induded as part of the
adaptation that is already occurring for they may be inveluntary, and should ideally be included
in the Adaptation Gap. Someone is already paying to bridge this gap - may be the individuals
concerned themselves or their sovernments — both should notbe ideally doing it under a Common
But Differential Responsibility (CEDR) paradigm. Examples for involuntary tolerated adaptation
could be the adverse impads due to changed excessive heat wave patterns in a developing country.
We define the various adaptation needs through a risk coverage paradigm, rather than a simple
gap bazed relationship.

6.4 Adaptation Gap and Adaptation Dilemma

We consider the dedsions on how much dimate change impact risks are acceptable and how
much are not acceptable. The unacceptable risks constitute Adaptation Gap (Figure 47). Therefore
determining the richt balance b etween preventive and palliative adaptation measures determines
the Adaptation Gap. For any sodety, and region there remains a range of risks that are acceptable.
What constitutes as acceptableriskisafundion of several factors that includelevel of development,
preparedness, resources, norms and values that any sodety places on goods, services and human
life. Beyond this range of acceptable risks, societies are faced with the possibility of being impacted
in an unacceptable way. Such impacts have damage cosfs associated with them and are typically
unacceptable to a society.

Risk coverage depends upon resources available and competing priorities. The unacceptable
risks may be due to lack of understanding of those risks currently, or lack of available resources
to cover those risks, or due to a conscious decision to tolerate those risks, or a combination of
these. The Adaptation Gap is basically risks that one would like fo cover but iz unable to cover.
Tolerated risks are therefore generally considered part of the Adaptation Gap if they indicate
forced and involuntary choices. The risk coverage process induces Adaptation Dilemma that is
how much risks are acceptable and how much are not. The latter may or may not be covered given
the resources available and their opportunity costs. Climate change adaptation measures heavily
depend on the risk perceptions and management strategy to cover these risks. Managing all risks
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through adaptation could be an expensive proposition. For instance, according to the 12th Five-
Year Plan of the Government of India (2013}, adaptation cests for new infrastructure could be in
the range of 3-10 per cent of the total investment, although for certain sectors and locations this
may be higher. The numb er for existing infrastructure is likely to be as high as 25 per cent of their
present construction costs [Planning Commission, 2013], and could therefore rum into trillions of
dollars.

Excessive adaptation and prier over estimation of risks leads to a type 1 or a error, It means that
one plans for some event but it does not take place. In our earlier example, this could be building
a dam for drought prevention, but the drought does nothappen, The decision to build a dam may
therefore be looked as infructuous in hindsight, since it could be difficult to estimate potential
losses that could have occurred if a drought would have happened, especially depending upon its
intensity and time of occurrence, b oth of which are hypothetical in this case.

On the other hand, under investment in risk mitigation and adaptation strategies leads to a type
2 or B error, that is, one does not plan for an event to ocour, but it occurs. In the example above,
one does not built any dams thinking that no droughts or floods would occur, but they do occur.
The palliative damages could be very high in such a situation. Under adaptation means that risk
assessment may have been inadequate. Therefore, nations invest in mitigating risk e.g. building a
wall to prevent flooding associated with sea level rise. These investments are borne by individual
actors, groups of individuals or governments as preventive costs. However, it often happens that
not all risk can be covered. This uncovered risk can be classified info three types - uncovered
risk, residual risk and intolerable risk. Each of these risks is associated with an increasing set of
palliative damage costs and requires different mechanizsms to mitigate the same. The first would
generally have a palliative cost. These could be transferred to a third party but ata high premium,
which may not be acceptable to the affected party since o error exists. The residual risks are
generally involuntary and have damage costs. The Intolerable risks have huge costs, including
deaths and migrations. The decision ab out the quantum ofrisktobe covered (i.e, acceptable versus
unacceptable) and the assodated resource investment is termed as the Adaptation Dilemma’. The
policy dilemma therefore is how much to invest a priory in adaptation. Climate proofing natural
or manmade systems does not mean that all possible risks are eliminated; it just implies that
they have been made more resilient towards climate-induced risks. Thus the adaptation dilemma
revolves around choosing an acceptable level of risk from a wide specrum and covering the
unacceptable risks appropriately.

6.5 Adaptation Gap is a dynamic concept

It must also be recognised that the Adaptation Gap is dynamic in nature and is based upon
possible future transitions — both climate change parameters and resilience of the population and
various eco-systems, Future dimatic parameters could shift towards right with a changed mean, a
changed distribution, or a combination of both. For instan ce, current rainfall distribution may just
shifts towardsright (Fipure 47) retaining its distribution pattern. If we assume that the resilience
of populations and various eco-systems do not change over time, then the Adaptation Gap would
increase in future. In case the distribufion also changes with much higher variance (Figure 47),
the Adaptation Gap could be much larger in future. Therefore, gap analysis must be a periodic
exercise based on the most recent science,

Moreover as various RCPs could manifest in future, the Adaptation Gaps would be different under
alternate RCPs. For instance, the Adaptation gap under RCP B.5 scenario would be much more
than that under an RCP 2.6 scenario. Since nations have to hedge for the worst possible impacdts,
the adaptation policies and measures may have to be ready for RCP 8.5 extremes. This also means
that more and more resources have to be committed to adaptation and as per CBEDR, more and
more resources have to flow to developing countries and emerging economies from developed
countries,
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6.6 Ways of filling the Adaptation Gap

Conventionally, Adaptation Gaps may be filled in through managing the associated risks -
either covering them through preventive investments or through payving the palliative costs
of unacceptable risks. Involuntarily tolerated risks and also the residual risks form part of the
uncovered risks in an adaptation gap. All the unacceptable risks, in turn, may be covered by the
bearer or somecne else through a priorarrangement where in the palliative damages are restored
by a third party (the impacted party, the host country government, international bodies; reinsurer
or someone else), Since CBDR is not currently implemented in adaptation effectively, these
unacceptable risks (and associated palliative costs]) mosily fall on the host country governments
asasovereign obligation, and to a verylesser extent on developed country parties and multilateral
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donoragencies who take these as a welfare measure and not as a liability measure. [t may also be
argued that US$ 100 billion fyear by 2020 contribution commitment to the Global Climate Fund
by developed country parties is based on a Welfare paradigm, and ifthis paradigm is changed to a
Liability paradigm based on consistent and unequivocal IPCC findings on anthropogenic nature of
climate change, the CBDR damage payments towaris filling the Adaptation Gaps in all developing
countries and emerging economies could be almest 10-times than this amount. Strang CEDR
regimes in future would therefore change adaptation finance flows and technology transfers in
favour of developing counfries.

Risk management can be classified under four possible response options - avoid, mitigate, retain,
and transfer the risk. The first two responses (avoidance and mitigation] may be categorized as
risk ceniral and the latter two (retention and transfer) as risk financing, The normal approeach to
riskmanagement is to control all those risks that could be controlled within the physical resources
available and finance the remainder, Effectively, risk financing funds those losses that remain after
the application of risk control techniques, induding both those risks accepted as not being ahle
to be controlled and these where controls proved inadequate to contain the risk [AACI, 2083]. All
these response options are summarized below [Kapshe, 2002].

{a) Risk Avoidance

An entity chooses to proceed with a particular investment on the basis of its perception of risk
and whether the entity is willing to assume the risk; effectively the threshold is the tolerance for
risk. This tolerance for risk will be a fundion of both the willingness to acceptthe risk and also the
circumstances in which the entity iz operating. If investors in a country, for instance, b ecome too
riskaverse then investments in human and economicactivities, and man-mad e ecosystems may dry
down. However, it will not be possible for the government not to invest in their development even
ifthe perceived risks of future climate change are high in any region. Therefore, risk avoidance for
climate change related impads maynotbe a suitable choice for governments in most of the human
and economic activities, natural ecosystems, and man-made ecosystems if these are otherwise
expected to contribute towards development.

{b)Risk Mitigation

The measures such as loss prevention and loss control can be categorized as risk mitigation. In a
traditional insurance context these measures may include security measures and safety standards.
In many instances adherence to required risk mitigation measures is a prerequisite for any project
to be sanctioned. There iz a nead to revise the safety standards in view of the likely dimate change
Impacts In future, as the present day standards do not have any expliclt conslderatlon for these
impacts.

{ c) Risk Transfer
A risk that one organization is unwilling to bear may be transferred to another. This is what

is commonly understood as insurance! [n exchange for the payment of an agreed amount [the
premium], the insurer agrees to indemnify the client for losses that result from specified perils.

Options and hedges also operate to transfer risk from one party to another. In some instances the
counter-parties may be entities specifically established to engage in the hedging or option trading,
but in many instances they will be entities whose risk arises from the opposite movement in a
price or volume of supply. In case of infrastruchire projects there are many mechanisms existing
far transfer of risks arlsing from the percetved uncertalntes. However, there are no well-develaped
medhanisms spedally designed to transfer the dimate change impactrisks.
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{d) Risk Retention

Risk retention can result from both a voluntary and involuntary action. Veluntary retention of risk
results from a consdous decision to accept that a certain level of risk from any source should be
retained rather than transferred to another party at a cost. Voluntary risk retention also includes
acceptance of a level of risk that may be imposed by insurers. Involuntary risk retention occurs
when a firm fails to identify and deal with 3 risk from within or sutside the business and thus
bears the risk unknowingly. Failure to recognize or understand a risk results in retention of the
risk, which the firm will have to face in eventuality of the ocourrence of event.

6.7. Implications for Alternate Scenarios

Wehave projected the future dimate underalternate scenarios for Meghalaya. We use those results
to articulate Adaptation gaps. The adaptation gap increases in future [Figure 48) as precipitation
distributions shift to right in the near term (2016-2045), and longer term {2046-2075) for
wvarious RCP scenarios. These shifts are more pronounced under RCP 4.5, RCP 6,0 and RCP 8.5,
This expansion of the adaptation gaps would require more financial resources to be committed
for managing extreme rainfall events, and possible damage to eco-systems. Many species may get
extinct, including vegetative, land based, marine and aerial. The financial implication estimations
could be around 80% more in real terms than present.

Under future climate change, it is evident that there is a right-ward shift in the distribution of risk
The shifts imply that newand additional resources are required to cover risks. It can be seen from
Figure 50 to Figure 53 that this spread may increass upto 2.5 times for RCP 2.6 and up to 4 times
far RCP 8.5 than the present. This change in spread requires understanding the dynamic concept
of acceptable risk and investing accordingly. Preventive adaptation to “expand” the range of
acceptable risks would require much mere investment as the risk prefile is projected to shift to the
right. This shift is crossing the right tails of present climate risk distributions under RCP 4.5, 6 and
8.5 during 2016-2045 itself. Almost no overlap remains during 2046-2075 risk profiles and the
current risk profile. Most of the risks in future would therefore fall under unacceptable domains,
from present perspective thus inareasing the palliative costs much faster. This also implies that
future would become much more uncertain and risky, therefore increasing the chances of g errors
much more. ¢t errors may almost hecome negligible since whatever preventive measures would be
taken, there would be hardly any dhance of them going wasted.

Twa approaches can be used while making these additional investments - wait and watch or take
advance preventive actions. The wait and watch approeach requires taking adaptation action (and
investments} in future. This strategy implies lower preventive costs in the short term, but may lead
to higher palliative costs in future. This is because a higher propertion of risk may be uncovered.
The advance preventive actions require making investments now. This strategy implies higher
expenditure In the short term, but may lead to lesser palllative cost= in futnre. This 15 becanse
a larger proportion of risk is then covered. These resource deployment can be made in advance
as the risks are perceived (advance stategy} or retrospectively (wait and watch approach).
Therefore, there is an inherent irade-off between these two sirategies. State Governments are
required to choose optimal strategies based on the risk they wantto cover. And as they say, a stitch
in time may save nine.
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Implications on
Different Sectors

Global climate change has adverse effects on a different sectors with varying impacts. While there
isaneed for aseparate impacts assessment for the key secors, potential impacts of climate change
on the selected sectors are described below:

1.

Forests & Water Resources: Rise in air temperature has various implicatiens for forests and
water resources in Meghalaya. A careful sector-wise impacts assessment is needed to develop
policies for adaptation. However, based on the findings, some implications can be expected.
Due to a significant increase in air temperature, events of forest fires may be more frequent
especially in pine and bambeeo forests. Unchecked shifting cultivation (Jhum) may lead to
increase in forest blanks and scrubs in the State. This may further cause land degradation and
sail erosion. Atthe event of extreme precipitation episodes, it may increase the risk of landslip
and landslides in high altitude hilly areas and siltation of water bodies in down streams.
Siitaton of streams affects aquatic ecosystem and productivity. The situatlon may becoms
worse with an inarease in the precipitation intensities as projected. The rise in temperature
may cause water scarcity as well as it may have a devastating impact on water resources in low
rainfall parts of the State. Adoptien of water conservation measures is suggested for retention
of water /soil moisture to avoid the dry spells/drought situations.

. Biodiversity: Meghalaya is projected to experience the rise In temperature which may canse

a pradual loss of binlogical diversity. Habitat loss coupled with forest/habitat fragmentation
increases the risk of biodiversity loss of the State. Meghalaya is the house of some endemic and
endangered /threatened plant species which becomes mare vulnerable due to their restricted
gepgraphic and dimatic range. In Meghalaya, few of the endemicplant species like Adinandra
Friffithii, Clematis Apiculata, llex Venulosa and Ceropegia Arnottiana have become extinct in
recent decades, The rise in temperature may cause loss of floral wealth of the State,

. Agriculture: Most of the agriculture in the State is rainfed thus it becomes most yulnerable

to rise in temperature. The crops response fo rizing in temperature may vary from crop to
crop, However, as a generalized trend with the rise in temperature, crop growing degree days
may increase which may result in reduced maturity period of the crop especially at the lower
altitudes, Early maturity may result in decreased grain filling period and ultimately may result
in low yield/production of the crop, The rise in temperature may alse induce premature
breaking of insects and pests dormancy which may cause insect and pests attacks on the
standing crops and may further affect the production. Net crop vield is expected to decline
with an increase in night temperature as it brings physiological changes leading to increased
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rate of respiration and decreased rate of biomass accumulation [Hatfeld et al, 2011]. This
may also impact pollination in certain crops like Maize as documented by Hatfield and Prueger
(2015). Rice also shows a similar temperature response to maize because pollen viability and
produdion declines as daytime maximum temp erature (Tmax) exceeds 33 °C and ceases when
Tmax exceeds 40 °C [Kim et al, 199&].

Human health: With the rise in temperature and wetter monsoons, people diagnosed with
diseases such as diarrhoea, malaria and other water or vector-borne diseases, are projected
to rise. The risk associated with mortality related to extreme heat in the highly vulnerable
regions of the State is also expected to rise. The effects of diseases and discomfort will be more
pronounced and challenging for the low-income groups as well as residents of villages which
have limited access to safe drinking water, sanitation services, and medical aid. A general rise
in a number of people below the poverty level has risen from 2004-05 to 2009-10 for both
rural and urban populations was observed by Planning Commission (provided by Ministry
of Development of North Eastern Region (MODONER), http://www.mdoner.gov.in/content/
poverty-estimates, accessed on 19 June, 2017). This suggests that the number of people who
are less likely to be able to adapt to climate change is increasing. The region is economically
highly differentiated, and land holdings are limited to some people. Local source of income
for the majority of the population is natural resources based, for instance, agriculture and
livestodk, which are in itself at risk under the changing dimate.

Livestock: Similar to the effects of harsher summers and heavy monsoons on humans, the
livestodt are alsp at risk. The mortality rate is expected torise on account of increasingnumber
of high-impact disease outbreaks such as foot-and-mouth disease (FMD), peste des petits
ruminants (PPR), Avian Flu, Swine flu. The resilience of pathogens due to adaptation and
frequency of outhreaks is projected to rise [Lubroth |, 2012].
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8.
Recommendatio
for policy makers

Following are the recommendations for policy makers:

1.

In terms of hazards based on predipitation, the central region (West Khasi Hills, East Khasi Hills
and South West Khasi Hills) and south-western region (South West Garo Hills and West Garo
Hills)are projected to b e more susceptible to rise in precipitation. Number of surplus monsoon
periods are also expected to rise in these regions. With these observations, fair chances of
increase in fash fioods and Aooding in the downstream can be expected.

The declining forest cover in the center as well as in near Garo Hills may pose a serious
problem if deforestation continues unchedied. Whereas an expected rise in predpitation may
be a boon to naturally irrigated fields of the region, which is at present more than 50% of the
total agricultural fields. Observed and projected variability and changes in precipitation can be
considered in the preparation of adaptation policies at the blod: level. Moreover, uncertainty
in the climate change projections should also be incorporated while developing policies for
adaptation at local and regional levels.

Due to projected increase in precipitation extremes, risks of floods and landslide hazards
need to be evaluated, and measures need to be implemented to reduce the exposure to such
hazards at local levels. Design and develop adaptive stormwater management practices.
Update undersized culverts, redesign drainage systems including drainage canals for regions
receiving heavy rainfall. Provide slope protection measures for high gradients, since most of
these regions are expected to be more vulnerable to precipitation based hazards.

Remap river flood zones with discharges at projected rainfall intensities. The development
strategies in and around these rivers should incorporate possible shifts in their usual profiles
and paths. Reanalysis of sediment loads at projected stream discharge may help determine
regionslikely tobe proneto bank cutting in this region. S5ome ofthe suggested adaptive measures
are construction of small chedt dams, using geotextiles to reduce erosion and landslides,
aggressive plantation and ravine restoration. Prepare sitategies to restrid enooachment and/
or upkeep of lakes and other surface water bodies. At the event of surplusrainfall, these acts as
temporary storage structures.

A proper management strategy is required for slash and burn (or fhum) cultivation. If not
chedeed,itwillresultinto more lossesinforest coverand reduced land productivity, [fnecessary,
the government should reclaim, restore and preserve regions grievously affected by [hum.

Some regions face higher Auduations than others in pre and post monsoon water table
depths. Identifications of these regions will help to provide locations for recharge structures

Identifi cation of climte

vitlaerability hot. spoisin
Meeghalaya using high resolution clinmate projections

93



PDF Compressor Free Version

required. Prevent or restrict extraction from shallow aquifers. Provide means of ground water
recharge, subsurface storage structures, spring rejuvenation for regions with low water table
in non-monsoon seasons. Surface water retention structures may help in better irrigation
infrastructure as well as for domestic usages.

7. Both observations and climate model projedions showed a significant increase in mean
temperature and assodated extreme temperature indices. The eastern part of the State,
including East Jaintia Hills, West Jaintia Hills, East Khasi Hills and Ri Bhoi, is at high risk
regarding Temperature based hazards. Garo Hills region mayv also face more effects of warming
in the mild and severe scenarios in the long term. Part of Shillong platean (West Ehasi Hills
and South West Khasi Hills), is projected to experience rather lower degrees of temperatures
than the rest of the State. A careful impacts assessment is required for the agriculture, water
resources, and forests sectors and the outcome of that need to be induded in the upcoming
policies for adaptation in the State of Meghalava.

8. Temperature extremes have increased in the State during the observed record and projected
to increase significantly under the future dimate. Extreme temperature events (hot days, hot
nights, and heat waves)] can have farreaching implications on the health of people and animals,
bio-diversity, and agricultural production. Moreover, these events can have greater impads on
cities that are centers of high population and economic growth. Public health related policies
should consider the projected increase in extreme temperature events and heatwaves.

9. Ildentify, reclaim and protect ecologically sensitive areas in the region. A proper study is
suggested for identification of regions and species sensitive to projected changes in the climate.
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Glossary

Cold day: The day on which the maximum temperature is extremely low, usually below Sth
percentile of all winter maximum temperatures.

Cold night: The night on which the minimum temperature is extremely low, usually below Sth
percentile of all winter minimum temperatures.

Heatwaves: These are periods of extended rarely hot events whose length varies from few to
several days (usually 3-6 days). A daysis considered extremelyhot when the maximum temperature
rises above 95th percentile value of maximum summer temperatures. Such extremely hot days
extending foralonger period than 3 days or more constitute a heatwave,

Hot day: The day on which the maximum temperature is extremely high, usually above 95th
percentile of all summer maximum temperatures.

Hot night: The night on which the minimum temperature is extremely high, usually above 95th
percentile of all summer minimum temp eratures.

Percentile: Itis a measure used in statistics indicating the value below which a given percentage
of observations in a group of observations fall.

Precipitation: All forms of water that reach the Earth from the atmosphere. The usual forms are
rainfall, snowfall, hail, frost and dew: In the context of this study, only rainfall is considered as
available predpitation in the region.

Standardized Precipitation Index (SP1): It is a widely used index to characterize meteorological
drought or surplus on a range of time scales. On shorttimescales [1-2 months), the SPI is dosely
related to soil moisture, while at longer timescales (9-48 months), the SPI can be related to
oroundwater and reservoir storage. The SPI can be compared across regions with markedly
different climates. Values of 5Pl lower than - 1.3 represents water stress due to scarcity (drought],
while 5PIvalue greaterthan 1.3 indicates surplus availability of moisture.

Standardized Precipitation and Evapotranspiration Index ([SPEI): The Standardized
Predpitation Evapoftranspiration Index (SPEI) is an extension of the widely used Standardized
Predpitation Index (SPI). The SPEliz designed to take into account both precipitation and potenkial
evapotranspiration (PET) in determining drought. Thus, unlike the 3P, the SPEl captures the main
impact of increased temperatures on water demand. Like the SPI, the SPEl can be calculated on a
range of imescales from 1-48 months. Similar to SPI, values of SPEI lower than - 1.3 represents
water stress due to scardiy (drought), while SPEl value greater than 1.3 indicates surplus
availability of moisture.

Model bias: The departure of model data values from that of observed data in the same time
period is known as model bias, There are several methed to remove such biases from model data
such as Linear scaling, Quantil e-Quantile mapping, etec.
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