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Received in revised form 03.03.2024; community, with several nations grappling with the far-reaching effects thereof on their re-
Accepted 06.03.2024 spective territories. Among these nations, Sri Lanka is ranked as the country facing the greatest

potential threat. In the Northern Province of Sri Lanka, which has experienced a rebirth after
years of internal conflict with the aid of international agencies, projections regarding climate change indicate a diverse array of potential
impacts. To arrive at these projections, a comprehensive analysis was conducted, which leveraged downscaled data derived from the
Coupled Model Inter-comparison Projects, Phase 6 (CMIP6), obtained via the grid for the Northern Province. Various models were
employed to scrutinize this data, and to validate the findings, an analysis was performed by comparing the model-simulated past climate
data to observed data. Multimodal ensembles provided insights into unique temperature and precipitation patterns under varying emis-
sion scenarios, including the Shared Socioeconomic Pathways (SSP) 4.5 and 8.5, between 2020 and 2100. Under the SSP2 4.5 scenario,
for instance, the temperature increase would total 1.13°C, accompanied by 106.19mm of augmented rainfall. By contrast, under the
SSP5-8.5 scenario, temperature would increase by 1.81°C, with a projection of 159.6mm increase in rainfall. Moreover, spatially, the
future changes in temperature and rainfall for the Northern Province of Sri Lanka display consequential variations. Specifically, the
western part is projected to witness higher rates of temperature and rainfall increase than the eastern part. However, it should be noted
that variations exist in the values of the projections of temperature and rainfall across the different models. Regardless, the region must
brace itself for elevated temperatures, resulting in heatwaves and an augmented frequency of scorching days, indicating an urgent need
for policymakers and communities to incorporate these findings when developing and implementing climate adaptation strategies that
aim to mitigate climate change’s adverse impact in the area of study.
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Oninka nporHo3oBaHol TeMmeparypu Ta onaaiB y mniBHiyHiIH nposinnii Ipi-Jlankm 3a
AOIIOMOT0I0 CTATHCTHYHO 3MeHIIeHoro nporuozy CMIP6
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AnoTanisi. [IuTanHs 3MiHM KJIiMary CTajo INEpPIIOYEPrOBUM 3aHEIIOKOEHHSM JUIs CBITOBOI CHIJIBHOTH, 1 KiNbKa KpaiH GOpIOTHCS 3
JIaJIeKO CSHDKHUMHE HACTiIKaMH [IbOTO Ha CBOIX BinmoBinHuX TepuTopisx. Cepexn rux kpain IlIpi-Jlanka Bu3HaHa KpaTHOIO, sIKa CTUKAETHCS
3 HaHOLIBIIOI MOTEeHNiHHOI 3arpo3oto. Y IliBHiuHil mposinmii lpi-Jlanka, sika mepexuiia BiAPODKEHHs Iicis OarathboX POKiB
BHYTPIIIHBOT0 KOHQIIIKTY 3a JONOMOTOI0 MDDXHAPOAHUX areHTCTB, IPOTHO3H II010 3MiHM KJIiIMaTy BKa3ylOTh Ha PI3HOMaHITHUH CIIEKTp
noTeHuinHuX Hacuiakis. 11106 orpumary ui nporHosu, Gys0 NMPOBEAEHO BCEOIYHMH aHai3, KM BUKOPHCTOBYBAB 3MEHIICHI JaHi,
OTpHMaHi 3 NPOEKTIB B3a€MOIIOPIBHAHHS 00’ €IHaHUX Mozenel, Gaza 6 (CMIP6), orpumanux yepes citky st [1iBHIYHOT npoBiHMiT.
Jnst peTenbHOro BUBUSHHS IIUX JaHWX BHKOPHUCTOBYBAJIHCS Pi3HI MOZENI, a Ul MiATBEP/PKSHHS BUCHOBKIB OYyJIO IPOBEIEHO aHai3
LIJISIXOM TTOPIBHSIHHS 3MOJICTIbOBaHUX Ha MOJIENi MUHYJINX KJIIMaTHYHUX JAHUX 3 JaHUMH CIIOCTepexeHb. MyIbTUMOAIbHI aHcamOIi
HaJay iHGopMaNilo Npo yHIKaIbHI MOJEIl TEMIIEpaTypy Ta ONaiB 3a Pi3HUMH CLIEHAPISIMH BUKUiB, BKIIOYAIOYH CIIJIbHI COIIaIbHO-
exoHomiuHi nuwixu (SSP) 4.5 Ta 8.5, mix 2020 ta 2100 poxamu. Hanpukian, 3a cuenapiem SSP2 4.5 minBuIIeHHS TeMIepaTypu
cranosutume 1,13°C, Bunane 106,19 mm omaniB. HaBmaku, 3a cuenapiem SSP5-8.5 temmneparypa 3pocte Ha 1,81°C, a kinbkicTh
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onaiB 30ubmUTECS HAa 159,6 MM. binbiue Toro, y mpocropi MaiOyTHI 3MiHM TeMIepaTypy Ta KiNbKOCTi omazmiB mis IliBHiuHOT
npoBinii [pi-JlaHku 1eMOHCTPYIOTH BiANOBIAHI Bapialiil. 30Kpema, O4iKyeThCs, 110 B 3aXiIHI YaCTHHI CIIOCTEePIraTUMyThCsl BUIII
TEMIH MiJBUIICHHS TEMIIEpaTypy Ta KUTBKOCTI OMajiB, HIX y CXigHii dyactuHi. OfHAK CJi 3a3HAYUTH, 10 ICHYIOTh BiIMIHHOCTI B
3HAYEHHSX MPOCKIiH TeMIepaTypy Ta KUTBKOCTI OMajiB y pi3HMX Mojensx. He3Bakaroun Ha Iie, perioH IMOBHHEH MMiArOTYBaTHCS 10
BHCOKHX TEMIIepaTyp, L0 IPHU3BE/e 10 XBUIIb CIIEKH Ta 30UIBIICHHS YaCTOTH CHEKOTHHUX JIHIB, 10 BKa3ye Ha HarajibHy HEOOXiJHICTh
JUTSL TIOJIITHKIB 1 IpOMaj BpaxyBaTH Iii BUCHOBKH IIPH pO3poOIli Ta BIIPOBAXKEHHI CTpaTerii aganTarii 1o KiIiMary, ClIpsIMOBaHUX Ha
NIOM’SIKIIICHHS HECTIPUSTIIMBOTO BILIMBY 3MiHH KJIiMaTy Ha 00J1acTh JOCIIHKEHHSI.

Knrouosi cnosa: memnepamypa, onaou, Myiomumooens, ancamonw, spocmanns, Ilisniuna lpi-Jlanka

Introduction

The menace of climate change has proven to be
a significant threat to the global economy, and many
countries worldwide, with its impacts permeating
widely across various primary and sub-sectors of the
economic development sphere(Adams & Heidarza-
deh, 2022). Climate change is frequently accompa-
nied by an increase in the intensity and frequency of
extreme weather events, including heat waves, cold
waves, droughts, cyclones, floods, and intense rain-
fall(Kumar Guntu & Agarwal, 2020). Unfortunately,
many parts of Asia, including South Asian countries,
are prone to these adverse effects of climate change.
For instance, Asian countries stand to experience a
2-4°C increase in sea surface temperature and a 10-
20% increase in tropical cyclone intensity between
2020 and 2050(Li et al., 2021). In response, many
countries, particularly developing ones, have made
climate change mitigation a top priority, providing
valuable support to other nations in the form of adap-
tation or reducing climate change impacts. Yet, severe
food cincreases continue to plague many developing
countries worldwide due to climate change (Umar et
al., 2022).

In Sri Lanka, climate change is also becoming
a pressing issue, particularly negatively impact-
ing water resources. The Sri Lankan government is
grappling with considerable challenges in mitigating
the effects of climate change on the water resources
of Sri Lanka (Somasundaram et al., 2020). Climate
change-induced uncertainties surrounding surface
water resources undermine efforts directed toward
improving Sri Lanka’s socioeconomic sectors. Cli-
mate, being an essential natural phenomenon, practi-
cally determines all actions necessary for human sur-
vival in Sri Lanka(Shanthi De Silva, 2016). Critical
climatic parameters, such as rainfall and temperature,
dictate all phases of agriculture in the country. For in-
stance, both irrigation and water supply (for domestic,
industrial, and agricultural sectors) significantly de-
pend on rainfall in Sri Lanka. As such, climate change
variability profoundly influences Sri Lanka’s daily
processes (Iresh, 2019).

The Northern region of Sri Lanka, situated near
the vast Indian peninsula, is influenced by the pen-
insula’s wind patterns. It is also bounded by the Bay
of Bengal (to the East), the Arab Sea (to the west),
and the Park Strait of the sea (to the North)(Pirath-
eeparajah, 2016). These sea surfaces change over
time, leading to the local climate pattern’s variation
in the Northern Region of Sri Lanka. The study area
in Sri Lanka is affected by southwest Monsoon and
North-East Monsoon wind influences, leading to two
main seasonal climate changes — short winter and
long summer seasons. Unpredictable fluctuations in
rainfall and temperature in the Northern region pose a
significant threat to traditional and modern agricultur-
al activities. Extended dry spells, particularly during
the southwest monsoon season, create drought-prone
situations and result in water scarcity (Weerasinghe et
al., 2018). This, in turn, induces crop failure. On the
other hand, intense rainfall within a short period dur-
ing the second inter-monsoon season leads to flood
vulnerability, severely impacting the region’s eco-
nomic activities. Unexpected extreme weather events
also expose many vulnerabilities in all sectors within
the region. Sadly, there are no hydro-meteorological
studies in the area due to the internal war, leaving the
farmers’ responsible agents with insufficient informa-
tion to advise them on rapid hydro-meteorological
changes. Therefore, the need for hydro-meteorolog-
ical studies of the Northern region of Sri Lanka is ur-
gent and necessary for sustainable economic activi-
ties in the area (Nagamuthu & Rajendram, 2015).

The Northern Province of Sri Lanka has a pop-
ulation of nearly 1,100,000 people, fulfilling 81%
of their daily needs (Northern Provincial Council,
2022). Any threats to the Northern Province’s econ-
omy, regardless of their sources, present significant
challenges to the already marginalized livelihoods of
the people in the province. In the event of a climate
change disaster, it would significantly affect people’s
lives, taking more than six months to recover and
return to daily living. After thirty long years of civil
strife in the Northern part of Sri Lanka, the govern-
ment has initiated several developmental activities
aimed at stimulating economic development in the
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region (Piratheeparajah, 2015). Sadly, climate change
poses significant challenges to both present and fu-
ture economic development efforts in the Northern re-
gion, compounding the economic devastation caused
by the internal conflict. All economic activities in the
area rely on surface and groundwater resources. The
mainland (Vanni) depends on surface water resourc-
es such as primary, medium, and minor tanks, rivers,
lakes, and springs while people in the Jaffna peninsu-
la, islands, and coastal areas depend on groundwater
resources. However, climate change impedes these
activities by significantly reducing available water re-
sources (De Silva & Kawasaki, 2018).

In light of the above, it is crucial to undertake
studies that identify climate change and its impacts in
the Northern Region of Sri Lanka. However, few such
studies exist, with many of them mainly focusing on
water resources while neglecting the physical, climat-
ic data, and human aspects of Northern Sri Lanka. As
such, this study is of utmost importance, particularly
in adapting successfully to current and future climate
change under various climate change scenarios. The
results of this study are anticipated to contribute sig-
nificantly to future development planning activities of
the Northern Region.

Data and Methodology

This study is primarily concerned with the identi-
fication of projected climate change anomalies in the
study area. Several studies have attempted to project
climate change in their respective areas, but this is the
first such attempt for the Northern region of Sri Lanka.
Future projected climate change data were obtained
from the Climate Change Knowledge Portal (CCKP)
of the World Bank (Lacombe et al., 2019). Addition-
ally, data for this study were collected from the global
coordinates system through intercomparison coupled
model phase 6 (CMP6), which is an output of Cou-
pled Atmosphere-Ocean General Circulation Models
(CACGCM) based on the IPCC’s sixth assessment
report (Xiang et al., 2022).

The scientific community uses scenarios to char-
acterize the range of plausible climate futures and
to illustrate the consequences of different pathways,
policy choices, and technological changes. These sce-
narios exist as ‘what if” cases, chosen to span a wide
range without any ties to likelihood. The approach
to formulating different scenarios has evolved from
a climate-centric to an increasingly societal develop-
ment-centric concept, providing insight into a range
of plausible climate outcomes. Shared Socioeconom-
ic Pathways (SSPs) are used in CMIP6 and replace
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the Representative Concentration Pathways (RCPs)

which were presented in CMIP5. Five SSPs are pre-

sented in CMIP6, and they present different societal
development pathways. The total radiative forcing
level by 2100, which is the cumulative measure of

GHG emissions from all sources, is presented at the

end of each pathway (Langsdorf et al., 2022)(IPCC,

2017)(IPCC, 2023).

The five SSPs presented in CMIP6 are as follows:
1. SSP1-1.9, the most optimistic scenario, in which

global emissions are cut to net zero around 2050.

This scenario aligns with the Paris Accord of

keeping global warming to 1.5°C by the end of

the century.

2. SSP1-2.6, which supports increasing sustainabil-
ity, with global emissions cut severely but not to
zero until after 2050.

3. SSP2-4.5, which presents a ‘middle of the road’
scenario, in which emissions remain close to cur-
rent levels, before starting to fall around mid-cen-
tury, but do not reach net zero by 2100.

4. SSP3-7.0, which presents a pathway considerable
value of increase of temperature from current lev-
els by 2100.

5. SSP5-8.5, which presents a future based on an
intensified exploitation of fossil fuel resources
where global markets are increasingly integrat-
ed leading to innovations and technological pro-
gress(Li et al., 2021).

CMIP6 is defined by experiment suites divided
into three categories: (1) Decadal Hindcasts and Pre-
dictions simulations, (2) long-term simulations, and
(3) Atmosphere-only (prescribed SST) simulations
for highly computationally demanding models.

The IPCC released four emission scenarios in
2022: SSP1-2.6, SSP1-4.5, SSP3-6.0, SSP4-7.0, and
SSP5-8.5. However, this study only considered SSP2-
4.5 (medium) and SSP5-8.5 (high) scenarios, both of
which represent distinguished different scenarios of
carbon emission (Ruosteenoja & Jylhd, 2021). Many
researchers suggest using both of these scenarios to
identify future climate change projections most ap-
propriately. The numbers associated with the SSP
represent the global representation of greenhouse gas
emissions on different scales. The unit value is meas-
ured in watts per square meter achieved in different
scenarios on different scales up to 2100. For example,
SSP 2.6 represents an extreme mitigation scenario
related to the Paris Conference, while SSPs 4.5 and
6.0 represent intermediate stabilization pathways with
high emissions but some controls. Finally, SSP 8.5 as-
sumes a continuous increase in greenhouse gas emis-
sions without any control measures (IPCC, 2021).
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Numerous grid-based data analysis models ca-
tering to various climatic periods have been em-
ployed to assess the forecasted climate alterations
across the globe in distinct SSPs. Numerous insti-
tutions across the globe have developed models to
analyze climate data and predict future trends in
climate. In this inquiry, the following models were
utilized to generate predictions regarding tempera-
ture and rainfall patterns in the Northern Province
of Sri Lanka. However, it must be noted that the
study places special emphasis on multi-model en-
sembles for interpreting the outcomes (Table 1.)
(World Bank Group, 2022).

Each model used in this study requires a sufficient
amount of historical data to project into the future.
This serves as the reference point for generating fu-
ture projections and typically spans 30 years. Climate
change studies, however, can utilize some preferred
periods established by the World Meteorological In-
stitute, such as 1971 to 2000, 1981-2010, and 1990 to
2020, for the entire period. To form each model’s ref-
erence period, a section of historical simulations is re-
quired (Facts, 2022). The IPCC recommended twenty
years for recent climate change studies, whereas this
study considers the primary climate period as 1986
to 2005 as recommended by the CACGCM. Future

projections are made for the years 2020-2039, 2040-
2059, 2060-2079, and 2080-2099, with a focus on
two basic parameters: mean monthly temperature and
monthly rainfall (precipitation). This study considers
only two climatic scenarios: 4.5 medium-low emis-
sions and 8.5 high emissions. The Climate Change
Knowledge Portal of the World Bank Group was the
primary source of grid data for the study. The data was
set up at a 1°x1° global grid spacing and produced
through bi-linear interpolation. The study employed
data downscaled to the geographical coordinates of
the Northern region of Sri Lanka situated in the lati-
tudes of 8° 37°42” N and 9° 49’ 00” and longitudes of
79° 41”35 and 80°57°35”.

Data Processing Procedures and Protocol for Fu-
ture Climate Change Analysis

1. Baseline Climatic Periods: The CMIP6 model
simulations were computed independently to generate
a standard dataset for which two complete climatolo-
gies for the current and imminent twenty-year inter-
vals (2020-2039, 2040-2059, 2060-2079, and 2080-
2099) can be calculated, in addition to their relative
variabilities in contrast to their standard reference du-
ration of 1995-2014 (Lacombe et al., 2019). Monthly

Table 1. Future climate change models and the models’ originating centers and codes

Model Institution Modeling Centre
BCC CSM1 1 Beijing Climate Center, China Meteorological Administration BCC
CCSM4 National Center for Atmospheric Research NCAR
CESM1 CAMS5 National Science Foundation, DeparFment of Energy, National Center NSF-DOE-NCAR
- for Atmospheric Research
Commonwealth Scientific and Industrial Research Organization in
CSIRO_MK3 6 0| collaboration with the Queensland Climate Change Centre of Excel- CSIRO-QCCCE
lence
FIO ESM The First Institute of Oceanography, SOA, China FIO
GFDL CM3 Geophysical Fluid Dynamics Laboratory GFDL—ESIE/II)ZS NOAA
GFDL ESM2M Geophysical Fluid Dynamics Laboratory GFDL—ESIE/SS NOAA
GISS E2 R NASA Geophysical Fluid Dynamics Laboratory NASA GISS
GISS E2 H NASA Geophysical Fluid Dynamics Laboratory NASA GISS
IPSL CM5A MR The Institute Pierre Simon Laplace IPSL
Japan Agency for Marine-Earth Science and Technology,
MIROC _ESM | Atmosphere and Ocean Research Institute (The University of Tokyo), MIROC
and the National Institute for Environmental Studies
Japan Agency for Marine-Earth Science and Technology, Atmosphere
MIROC ESM CH | and Ocean Research Institute (The University of Tokyo), and the Na- MIROC
tional Institute for Environmental Studies
Atmosphere and Ocean Research Institute (The University of Tokyo),
MIROCS National Institute for Environmental Studies, and Japan Agency for MIROC
Marine-Earth Science and Technology
MRI CGCM3 Meteorological Research Institute MRI
NORESM1 M Norwegian Climate Centre NCC

135




P. Nagamuthu

Journ. Geol. Geograph. Geoecology, 33(1), 132-154

fundamental data were acquired such that the result-
ing products represented a twenty-year climatic peri-
od. These twenty-year breaks at the grid level are cru-
cial for referencing the diverse variabilities through-
out the 21st century. Therefore, each 20-year time
window can be linked to the standard “present-day”
reference period of 1995-2014, and the corresponding
anomalies bear significant correspondence with the
IPCC results (Stocker et al., 2013).

2. Re-gridding: Because all original model output
is presented on their native grids, the multimodal col-
lection required re-gridding to a common resolution.
This was achieved by producing a common 1° x 1°
global grid spacing through bi-linear interpolation.
The Northern region of Sri Lanka is located in the
latitudes of 8° 37°42” N and 9° 49°00” and longitudes
0of 79°41°35” and 80°57°35”, and the data was down-
scaled for these geographical coordinate locations and
applied in this study(World bank group, 2021).

3. Climatology: Twenty-year climatologies were
formed for each of the four selected essential climate
variables for all five SSPs («SSP1-1.9», «SSP1-2.6»,
«SSP2-4.5», «SSP3-7.0», «SSP5-8.5») and CMIP6’s
‘baseline’ interval (1995-2014) derived from the his-
torical simulations («hist»), while the future clima-
tologies (2020-2039, 2040-2059, 2060-2079, 2080-
2099) were computed. These climatologies yielded
12 monthly average values, 4 seasonal average val-
ues, and one annual mean value established over the
respective time windows. To form the climatologies,
all values were computed directly from the abso-
lute temperature and precipitation data taken from
the model simulations. Note that each model might
exhibit slightly different absolute temperatures and
precipitation, and these offsets compared to observa-
tional data are generally small, yet they can be signif-
icant in some regions. Therefore, to compare changes
between models, comparisons of relative changes are
more appropriate than absolute values (World Bank
Group, 2021).

4. Anomalies: For each model, variable, and for
every future twenty-year time window, anomalies for
each month, as well as the annual value, were com-
puted and assessed relative to their corresponding
historical reference period. These values are ideal for
model-to-model inter comparisons as they always re-
fer to the change simulated by each model. For some
indicators that represent departures or counts above
absolute thresholds, prior bias correction is critical
(for example the number of days with minimum night
time temperatures above 21°C).

5. Ensemble Information: Ensemble values were
calculated from the anomalies for every twenty-year
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climatological period in the future from each of the
models in the collection. These ensembles describe
how the collection of up to 31 CMIP6 models pro-
jects the climatological changes on average. Different
ways of exploring the ensemble distribution are pos-
sible, but here, the median across the individual mod-
el values was chosen as the primary representation.
Additionally, ensemble high (90th percentile) and
low (10th percentile) values were generated for all the
climatological anomalies to help users recognize the
range of probable outcomes driven by different sourc-
es of uncertainty. Note that values are available for
each model separately, and thus the user could explore
the distribution in more detail. Because each model
has a slightly different climate sensitivity and simu-
lated different internal climate variability, the projec-
tions increasingly differ in the future. Therefore, the
ensemble spread generally increases with time. Note
that each model’s anomalies can be compared with
the provided ensemble description that encompass-
es the range between high (90th percentile) and low
(10th percentile) levels of the underlying distribution.

Methodology for the Validation of Data

The validation of future climate change data
methodology is crucial to employ this data effec-
tively for further use in this study. To achieve this,
a comparative analysis method was implemented to
assess the accuracy of future temperature and rain-
fall data pertaining to the analysis of future climate
change patterns in the Northern region of Sri Lanka.
This involved utilizing general circulation models to
simulate historical data and comparing it against ac-
tual observed data to assess its validity. Specifically,
actual rainfall data spanning thirty years from 1990 to
2020 was considered for the assessment of both types
of data. Multiple models were employed to project
future climate change data for the study area under
different scenarios. These models simulated tempera-
ture and rainfall data for the study area, including en-
semble data, which was then compared with actual
observed historical data to assess the validation of
future climate change data for this study. Validation
assessment analysis of future climate change data is
crucial to ensure the reliability of data for this study.
To achieve this goal, actual observed and model-sim-
ulated historical data were compared utilizing the
Mean Absolute Deviation (MAD) method, as this is
the most effective method for identifying variations
in a data set. In this study, MAD was employed to
compare the variations between actual observed and
model-simulated historical data in the Northern re-
gion of Sri Lanka. The MAD was computed utilizing
the following formula:
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MAD = median (IXi — Xml),
where:Xi - the ith value in the dataset;

Xm - the median value in the dataset.

In addition, the historical data that was observed
and model-simulated was evaluated through the use
of a figure-based comparison method. This involved
utilizing trend line graphs to compare the data in
question.

To explore future climate change scenarios,
multi-models were implemented across two distinct
SSP scenarios: SSP 4.5 (medium low emission) and
SSP 8.5 (high emissions), which were released by the
IPCC in 2021. Regardless of the specific model being
utilized, the study area consistently exhibited increases
in both temperature and rainfall values. To that end, this
section is focused on drawing comparisons between the
validation of future climate change data, observed ac-
tual data, and model-simulated historical data. As such,
the monthly climate change projected by multi models
for the Northern region of Sri Lanka, utilizing tempera-
ture and rainfall parameters, is analyzed herein.

The validation analysis of future climate change

(M

data was carried out using the MAD method. As it
pertains to the observed actual rainfall versus the
model-simulated historical data, minor differences in
the MAD values were observed. An investigation of
the annual mean rainfall pattern uncovered a striking
similarity between the observed and predicted histor-
ical rainfall in the Northern region of Sri Lanka. Spe-
cifically, based on MAD, the annual rainfall patterns
from the last thirty years in the aforementioned region
exhibited a variation of only 3.3mm between the ob-
served actual precipitation and the model-simulated
values, which amounted to 129.7mm and 126.4mm,
respectively (Fig. 2).

Regarding temperature, the MAD results indicate
a strong correspondence between the actual observed
data and model-simulated historical data. Specifical-
ly, the MAD values for actual observed and mod-
el-simulated historical temperatures were found to be
0.57°C and 0.63°C, respectively. Thus, there was only
a 0.06°C deviation between the two types of tempera-
ture data sets in this study (Fig. 1).

Based on the historical records of both observed

Fig. 1. Observed and Modeled simulated annual mean temperature trend for the period from 1990 to 2022 in the Northern Region of

Sri Lanka

Fig.2. Observed and Model simulated annual total rainfall trend for the period from 1990 to 2022 in the Northern Region of Sri Lanka
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and model-simulated data, pertaining to the annual
temperature and rainfall of Sri Lanka’s Northern re-
gion, a consistent trend can be observed. The year-
ly average temperature has shown a nearly identical
pattern, as has the total annual rainfall, over the past
thirty years since 1990.

Results and Discussion

The evaluation of the anticipated temperature and
precipitation pattern in the Northern Province of Sri
Lanka has manifested a noteworthy surge in various
SSPs for distinct climatic epochs. Nevertheless, mul-
timodel amalgamations have pointed out an upward

trajectory in temperature and precipitation during the
climatic span spanning from 2020 to 2100.

Future Temperature Changes under SSP 4.5

Future alterations in temperature have been in-
vestigated by analyzing sixteen models during four
distinct climatic eras, namely 2020 to 2039, 2040
to 2059, 2060 to 2079, 2070 to 2099, and 2020 to
2100. Temperature alteration anomalies (Mean) for
the study region have been analyzed. According to
the projections for the climatic period 2020 to 2100,
based on the SSP 4.5 scenario, various temperature
augmentations are expected to occur in the study area.

The collective model indicates an impending in-

Fig. 3. Projected Multi-model ensemble annual mean temperature of the Northern Province of Sri Lanka for the period from 2020 to
2100 under SSP4.5. Under the SSP5- 8.5, there will be a very significant increase in the temperature in the study area. Compared to
other scenarios SSP1-1.9 shows a minimal increase in the study area.

Fig. 4. Projected Multi-model ensemble decadal monthly mean temperature of the Northern Province of Sri Lanka for the period from

2020 to 2100 under SSP4.5
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crease in temperature, with an increase of 1.13 °C dur-
ing this period (Fig. 3,4). The model presents varying
monthly fluctuations for different scales concerning
temperature escalation. According to the collective
model, the maximum temperature increase will occur
in April, with a temperature increase of 1.25 °C. Ad-
ditionally, June and July have projected temperature
increases of 1.24°C and 1.23 °C respectively. None-
theless, the collective model portrays an elevation in
temperature of over 1.00 °C every month. It is worth
noting that the smallest increase in temperature was
recorded in November and December, at 1.01 °C.
Furthermore, from 2020 to 2100, February, March,
July, and September will experience the greatest tem-
perature escalation. Each discrete model presents dis-
tinctive values of future temperature escalation in the
study area. Table 2 delineates the monthly tempera-
ture changes under the SSP 4.5 scenarios, as projected
by the diverse models.

As per the models, the estimated temperature in-
crements exhibit fluctuation every month (refer to Fig.
5, 6,7, 8). Notably, GFDL._CM3 demonstrates a sub-
stantial increase of 2.43 °C in January, while the low-
est projection of 1.04 °C is from BCC_CSM1 1 M
during the same month. Additionally, other models
also provide different predictions of the tempera-
ture increase for January. In February, GFDL_CM3
indicates the highest temperature spike of 2.63°C
whereas the lowest prediction of 1.01 °C is offered by
BCC_CSM1 _1 M. March portrays the highest pro-

Table 2. Monthly basis projected temperature changes in various
models under SSP 4.5 scenarios for the Northern region of Sri
Lanka

Increasing average values in
Types of Models °C
(2020-2100)

ENSEMBLE 1.13
BCC CSMI 1 1.22
BCC CSM1 1 M 1.24
CCSM4 1.23
CESM1 CAMS 2.12
CSIRO MK3 6 0 2.22
FIO ESM 1.05
GFDL _CM3 2.53
GFDL ESM2G 1.14
GISS E2 H 1.35
GISS E2 R 1.17
IPSL CM5A MR 2.28
MIROC ESM 1.89
MIROC _ESM CHEM 1.95
MIROCS 1.55
MRI CGCM3 1.53
NORESM1 M 1.28

jection of 2.86°C by CSIRO MK3 6 0 and the low-
est of 0.87°C by the FIO_ESM model. April exhibits
a peak temperature increase of 3.28°C by CSIRO
MK3 6 0, indicating an upsurge in temperature in
the said month during 2020 — 2100. In contrast,
FIO_ESM suggests the lowest value of 0.92°C for the
same month. Remarkably, GFDL_CM3 displays the

Fig.5. Projected monthly temperature anomalies of each model for the period from 2020 to 2100 under SSP4.5
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highest and lowest temperature increases for April,
estimating 2.93°C and 0.81°C, respectively. Simi-
larly, in June, GFDL_CM3 projects the highest tem-
perature value of 2.99°C, whereas BCC_CSM1 _1’s
estimated temperature increment is the lowest with
a value of 1.11°C. The projected temperature spike
in July for GFDL_CM3 is 2.67°C, whereas the mini-
mal temperature increment predicted is 1.18°C by the
GISS_E2 R model. The IPSL_CM5A_ MR model re-
flects the highest projection of temperature increases
0f2.3°C, 2.55°C, and 2.33 °C for August, September,
and October, respectively. However, among the oth-
er models, CCSM4 projects the lowest temperature
value of 1.16°C for August, while BCC_CSM1 1
provides the minimum temperature spike predictions
for September and October. GFDL CM3 portrays
the uppermost temperature projections for Novem-
ber and December, while the lowest projections for
November and December are from GISS E2 H and

BCC_CSM1_1 M models, respectively, in the period
012020 to 2100 in the study area (Figure 7).

The projected temperature in the study area for
future climatic periods exhibits monthly variations,
as depicted in Fig.6. The ensemble analysis reveals
significant fluctuations between two time intervals,
namely 2020 to 2039 and 2040 to 2059, in the study
region, according to the models.

Projected Temperature under SSP 8.5

The anticipated temperature from 2020 to 2100
according to SSP 8.5 scenarios displays variance
across every model. Nevertheless, the Ensemble mod-
el denotes an average temperature increase of 1.81°C
for the Northern Region of Sri Lanka during that peri-
od (Fig. 9, 10, 11). Even so, there is substantial irreg-
ularity each month. The analysis suggests that the RC
4.5 scenarios exhibited the highest surge in ensemble
temperature in April, which recorded an average val-

Fig. 6. Ensemble view of projected temperature increases for the Northern Region of Sri Lanka under SSP4.5 in various models for

every month

Fig. 7. Various models projected temperature increase under SSP 4.5 from 2020 to 2100 in the Northern Region of Sri Lanka
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Months

Months

Months

Months

Fig.8. Models projected monthly average value of temperature increase in SSP4.5 for a different climatic period for the Northern region
of Sri Lanka (A-2020 to 2039, B-2040 to 2059, C-2060 to 2079, D- 2080 to 2090). These variations in the monthly pattern of tempera-

ture in different climatic periods under SSP2-4.5.

Fig. 9. Projected model ensemble annual mean temperature of the Northern Province of Sri Lanka for the period from 2020 to 2100
under SSP8.5. Compared to other climatic periods, from 2080 to 2100 a very extensive temperature increase has been identified in all

scenarios, but it seems very high under the SSP5-8.5 scenarios.
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Fig.10. Projected model ensemble decadal monthly mean temperature increase in the Northern Province of Sri Lanka for the period

from 2020 to 2100 under SSP8.5

ue of 2.06°C for the same month. Subsequent to April,
June exhibited a temprature increase of 1.99°C, while
May displayed a temperature increase of 1.96°C.
Furthermore, it is noteworthy that the nadir of
temperature increase projections is expected to occur
in both November and December, with both months
indicating an equivalent value of 1.69°C. Similarly,
August and September are projected to record iden-
tical values of 1.8°C. It is pertinent to mention that
Table 3 provides a monthly ensemble variation of es-
timated temperature projections for the SSP 8.5 sce-
narios between the years 2020 to 2100. However, it is
essential to point out that the average value of all the
models is anticipated to be 3.15°C during the afore-
mentioned time frame under the SSP 8.5 scenario.

Table 3. Monthly basis of projected temperature changes in var-
ious models under SSP 8.5 scenarios for the Northern region of
Sri Lanka

Ensemble Average temperature(°C)
Month projection
2020-2100
January 1.7225
February 1.685
March 1.7075
April 2.0675
May 1.965
June 1.9975
July 1.9125
August 1.845
September 1.8
October 1.7325
November 1.695
December 1.695

As per the analysis of every model, notable vari-
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ations exist in their respective projections of average
temperature increase. Notably, the [IPSL_ CM5A MR
model records the highest average value of tempera-
ture increase at 4.18°C, followed by the GFDL
CM3 model at 4.17°C, and MIROC_ESM_CHEM
at 4.15°C. Conversely, the lowest average values of
temperature increase are registered in GISS_E2 R at
2.45°C, followed by GISS E2 H at 2.51°C (as de-
picted in Tables 3 and 4).

Table 4. Various models projecting the annual mean value of
temperature increase for the period of 2020 to 2100 under SSP 8.5
for the Northern region of Sri Lanka

Increasing annual mean val-
Types of Models ues in °C
(2020-2100)

ENSEMBLE 1.81
BCC _CSM1 1 2.68
BCC CSM1 1 M 2.75
CCSM4 2.81
CESM1 CAMS 3.16
CSIRO MK3 6 0 3.81
FIO ESM 2.87
GFDL CM3 4.17
GFDL _ESM2G 2.57
GISS E2 H 2.51
GISS E2 R 245
IPSL CM5A MR 4.18
MIROC ESM 2.74
MIROC ESM CHE 3.94
MIROCS5 2.74
MRI CGCM3 2.94
NORESM1 M 2.64
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Months
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Months

Fig. 11. Models projected monthly average value of temperature increase in SSP8.5 for a different climatic period for the Northern
region of Sri Lanka (A-2020 to 2039, B-2040 to 2059, C-2060 to 2079, D- 2080 to 2090). These variations in the monthly pattern of

temperature in different climatic periods under SSP5-8.5.

Differences have been observed in monthly av-
erage temperature anomalies in the study area. Each
model displays various monthly average alterations in
Sri Lanka’s northern region (Fig. 12 and Fig. 13). In
January, the MIROC_ESM_CHEM model registered
the highest temperature increase of 4.15°C, while the
lowest temperature variation of 2.21°C was record-
ed on the GFDL ESM2G model with a predicted
temperature average of 2.92°C. In February, the av-
erage temperature increase was 2.98°C, with some
fluctuations in prediction variations. The MIROC _
ESM_CHEM model predicted the highest tempera-
ture increase of 4.39°C, while the BCC_CSM1 1 M
model recorded the lowest variation with a tempera-
ture value of 2.18°C in the study area. The project-
ed average value for temperature increase for March
is 3.11°C, with the MIROC _ESM model register-
ing the highest temperature increase of 4.27°C and
BCC _CSMI1 _1 M the lowest temperature increase of

2.16°C. Despite variations in every model’s tempera-
ture prediction, the CSIRO_MK3 6 0 had the highest
expected temperature increase in April of 5.04°C, the
highest increase in the study area every month. Con-
versely, the GISS E2 H model recorded the lowest
projected temperature value of 2.44°C, with an aver-
age temperature increase of 3.18°C across all models
in April. The average predicted temperature value for
May was 3.41°C, but the CSIRO MK3 6 0 model
projected the highest temperature increase of 4.82°C,
and the GISS _E2 H value registered the lowest tem-
perature increase of 2.54°C. Several other models
also predicted high temperatures this month, includ-
ing CESM1_CAMS, GFDL _CM3, MRI_CGCM3,
and MIROC_ESM MIROC_ESM_CHEM. For June,
the models’ average predicted temperature value in-
creased to 3.33°C, with the GFDL_CM3 observing the
highest temperature increase of 4.64°C, whereas the
GISS _E2 R model projected the lowest temperature
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increase of 2.54°C. The model predicted an average
temperature increment of 3.14°C for July, with IPSL_
CMS5A_MR projecting the highest expected tempera-
ture increase of 4.25°C and NORESM1 M forecast-
ing the lowest at 2.2°C. In August, [IPSL_CM5A MR
forecasted the highest temperature increase at 4.41°C,
while the GFDL._ESM2 G model projected the lowest
temperature increase of 2.01°C. The average temper-
ature increase projected by all models for this month
was 3.08°C. For September from 2020 to 2100, the
models showed an average temperature increase of
3.04°C, with IPSL_CMS5A_MR registering the high-
est expected temperature increase of 4.43°C and
MRI_CGCM3 model the lowest at 1.91°C. IPSL
CMS5A_ MR had the highest temperature projections
for October and November at 4.33°C and 4.13°C,
respectively, with 2.94°C and 2.90°C average val-

ues. Although the lowest temperature increases had
differences, the GFDL ESM2G model predicted
2.6°C for October’s lowest value, while GISS _E2 H
recorded the lowest value of 2.16°C for November.
December had the lowest monthly average projected
temperature increase of 2.88°C. In the future, Decem-
ber would still be the coldest month in the study area,
according to model analysis. The GFDL._CM3 model
had the highest projection of temperature increase of
4.16°C, whereas the GISS E2 H predicted the low-
est temperature increase of 2.26°C. For both scenarios
(SSP 4.5 and SSP 8.5), MIROCS and CESM1_CAMS
models have not shown significant temperature fluc-
tuations. However, the full monthly temperature in-
crease was reported by the GFDL CM3 model in
both scenarios, with BCC_CSM1 1 M modeling the
lowest temperature increases for many months in both

Fig. 12. Various models projected temperature increase for the Northern region (2020 to 2100) under SSP 8.5

Fig.13.
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Projected monthly temperature variations for the different climatic periods under SSP 8.5 in the Northern region of Sri Lanka



P. Nagamuthu

Journ. Geol. Geograph. Geoecology, 33(1), 132-154

cases. In SSP 4.5, the GFDL._CM3 model showed the
highest temperature increase in the months, while
BCC _CSM1 1, BCC CSM1 1 M, and FIO ESM
models recorded the lowest temperatures for most
of the months. For SSP 8.5, IPSL CM5A MR had
the maximum number of months for the highest tem-
perature increase. The projection models for climate
change used in this study area showed variations in
the monthly temperature fluctuation during different
climatic periods.

Future Rainfall Changes of the Northern Re-
gion of Sri Lanka under SSP 4.5 Scenarios

There exist significant variations among the mod-
els pertaining to rainfall projections for the duration of
2020 to 2100 under the SSP 4.5 scenario, as mentioned
in Fig. 14,15, 16, and 17. While the average ensemble
projection for the increase of rainfall in the study area
among all models is 106.19 mm, it is characterized by
monthly variation across the said ensemble. For in-
stance, the January ensemble depicts a increase from
the current January average of 2.8mm. Nonetheless,
there exists a decreasing trend in the monthly average
rainfall projections from February to May. Thus, in
this manner, February decreased by -1.07mm, March
decreased by -3.3 mm, April decreased by -2.61 mm,
and May decreased by -1.81mm. These months cur-
rently fall under the dry period category, and a re-
duction in rainfall in the future will only increase
the drought situation in the study area. However, the
models indicate that there will be an upward trend in
rainfall post-June. Specifically, a 2.28 mm increase in

June, a 14.5 mm increment in July, a 22.5 mm aug-
mentation in August, and a 16.7 mm increase in Sep-
tember are projected. As per the SSP 4.5 scenarios’
projection analysis, an intriguing revelation is that the
SIMS and NEMS will be the wettest period akin to
the present climatic condition, as the ensemble con-
tends that there will be a 55 mm increment in these
periods in the future. On the other hand, in October,
the average monthly rainfall increased by 27.26 mm,
November by 16 mm, and December by 12 mm, as
per the models’ projections.

The anticipated precipitation amounts between
2020 and 2100 exhibit variations across the models
enlisted. The CSIRO MK3 6 0 model predicts the
highest increase in average annual rainfall, estimat-
ing the amount to be 342.76 mm, while the FIO_ESM
model projects a negative value of -48.05 mm for the
average annual rainfall . The projected increase in
average rainfall for NORESM1_M is estimated to be
288 mm, while that for MIROC_ESM is anticipated
as 269.5 mm and MIROCS is projected as 249.88 mm.
Similarly, the increase for MIROC ESM CHEM is
predicted as 229.29 mm, and that for GFDL_ESM2G
1s estimated as 225.25 mm, whereas the increase for
BCC_CSM1 1 is projected to be 184.38 mm, and
BCC _CSM1_1 M reports an average increase of
190.04 mm. The model IPSL. CM5A MR projects
the lowest increase in the amount of average annu-
al rainfall, valued at 2.85 mm, whereas increase in
rainfall for GFDL_CM3 is projected to be 65.8 mm,
projecting the lower average rainfall for the SSP 4.5
scenarios from 2020 to 2100.

Years

Fig.14. Multi-model ensemble projected rainfall for the period from 2020 to 2100 of the Northern Province of Sri Lanka under
different SSPs.There are no big variations in the projected rainfall changes in different scenarios under different climatic periods.
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Fig. 15. Multi-model ensemble projected monthly rainfall total for the different climatic periods of the Northern Province of Sri
Lanka under SSP4.5 (2020 to 2039, B-2040 to 2059, C-2060 to 2079, D-2080 to 2090). There are variations in the monthly pattern of
rainfall in different climatic periods under SSP2-4.5.

Fig. 16. Projected multi-model ensemble decadal monthly rainfall changes in the Northern Province of Sri Lanka from 2020 to 2100
under SSP4.5
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The monthly mean rainfall throughout 2020 to
2100 varies across different models. In January, the
projection of the highest increase in mean rainfall
is 57.73 mm by the MIROC_ESM_CHEM model
while the lowest has been forecasted as -37.15 mm
by the IPSL_CMS5A MR model. In February, the
GISS_E2 R model predicts an increase of 37.65
mm in the mean rainfall whereas the GFDL _ESM2G
model projects a decrease of -18.91 mm. March de-
picts an increase of 17.08 mm in the mean monthly
rainfall according to the GISS E2 R model while
the MRI_CGCM3 model forecasts a decrease of
-23.57 mm. The majority of models predict a de-
crease in the mean monthly rainfall for April; nota-
bly, the BCC_CSM1_1 M model predicts a decrease
of -67.81 mm. Few models predict an increase in the
mean monthly rainfall for April, such as the BCC_
CSMI1_1_M model which predicts an increase of
93.6 mm whereas the GFDL_CM3 model predicts
a decrease of 14.78 mm. The BCC_CSM1 1 M
model predicts an increase in the mean monthly
rainfall of 37.58 mm while the GISS E2 H model
predicts a decrease of -90.25 mm in June. In July, the
BCC_CSM1_1 M model projects the highest rain-
fall 0f 39.29 mm whereas the FIO _ESM model proj-
ects the lowest, -24.41 mm. For August, all models
except the FIO_ESM model predict an increase in
the mean monthly rainfall while the BCC_CSMI1 1
model places the highest projection at 88.82 mm.
The CSIRO MK3 6 0 model predicts the highest
value for rainfall increase for October and Decem-
ber — 71.71 mm and 118.74 mm respectively. The

NORESMI1 M model projects the highest rainfall
increase for December, 122.2 mm, while the MI-
ROCS5 model projects the lowest rainfall for Octo-
ber, -17.6 mm. The CESM1_CAMS5 model predicts
the lowest value of rainfall in November, 62.39 mm
while the lowest value of the December month aver-
age is projected as -48.92mm by the CCSM4 model
(Figures 16, 17, and 18).

Future Rainfall Changes in the Northern Re-
gion of Sri Lanka under SSP 8.5 scenarios

Fig. 19 and 20 illustrate the various projected rain-
fall changes in the study area for the period of 2020 to
2100 under the SSP 8.5 scenario in multi-models. On
average, there is an expected increase of 159.46 mm
of rainfall in the Northern region of Sri Lanka under
the SSP 8.5 scenario across all models (Fig. 19 and
20). However, it is important to note that the ensem-
ble average for this period is 13.28 mm, where there
are variations in the monthly rainfall patterns. Under
SSP 8.5, there is a decreasing monthly rainfall pat-
tern observed between January to June. In particular,
there is a decrease of -3.01lmm, -6.01mm, -0.42mm,
-6.11lmm, 8.23mm, and 4.28mm in January, Febru-
ary, March, April, May, and June, respectively. When
compared to the SSP 4.5 scenario, there is a decrease
in the average rainfall for certain months. Converse-
ly, the ensemble has an increasing trend in monthly
rainfall from July to December. According to the en-
semble average, July shows a significant increase of
16.34mm of monthly rainfall compared to July under
SSP 4.5 scenarios. Moreover, there is an increase in

Fig. 17. Projected rainfall changes of Northern region in multi models for the period of 2020 to 2100 under SSP 4.5 scenario
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Fig. 18. Ensemble projected rainfall for a different climatic period of the Northern region of Sri Lanka under the SSP 4.5 scenario

monthly rainfall in the ensemble for August, Septem-
ber, October, November, and December. In particular,
the ensemble average for August increases by 29.47
mm, and September shows an increase of 30.61mm in
monthly rainfall under SSP 8.5 for the period of 2020
to 2100. Notably, the highest increase in the month-

ly projection for rainfall is observed in October with
an increase of 56.57mm in the ensemble. November
also shows an increase of 34.82mm, while December
shows a smaller increase of 19.73mm.

The models projected variations in the average
rainfall under the SSP 8.5 from 2020 to 2100. The

Fig. 19. Multi-model ensemble projected monthly rainfall total for the different climatic periods of the Northern Province of Sri Lanka
under SSP8.5 (A-2020 to 2039, B-2040 to 2059, C-2060 to 2079, D- 2080 to 2090). There are variations in the monthly pattern of

rainfall in different climatic periods under SSP5-8.5.
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BCC_CSM1 _1 M model projected the highest aver-
age value of 55.51mm, while FIO_ESM projected the
lowest average value of -3.19mm. The NORESM1 M
model projected an increase of 42.62mm, the CSIRO _
MK3 6 0 model projected 41.34mm, and MIROCS
projected 36.0lmm as the month-based average for
the period of 2020 to 2100.

The models also projected variations in month-
ly rainfall patterns for the period of 2020 to 2100
under the SSP 8.5 scenario. The projections for Jan-
uary varied significantly between models, with the
NORESMI1_ M model projecting the highest value
of 95.36mm and the GFDL_ESM2G model project-
ing the lowest value of -43.08mm. For February,
the GISS E2 R model showed the highest value
of 33.66mm, while the CCSM4 model showed the
lowest value of -41.92mm. In March, the GISS
E2 R model predicted the highest rainfall increase
(9.74mm), while the GFDL_ESM2G model pre-
dicted the greatest rainfall decrease (-42.05mm).
The NORESM1 M model predicted the highest
rainfall increase (17.95 mm) for April, while the
BCC _CSM1 1 M model projected the lowest val-
ue (-60.54mm) of rainfall in April. For May, there
is a great variation in the projected rainfall by the
models, with the NORESM1 M model projected
with the highest rainfall value of 24.73mm and the
GFDL_ESM2G model showing the lowest value of
-57.22mm. In June, there is a vast variation in the
models, with the BCC_CSM1_1 model predicting

the highest rainfall (132.07mm) and the FIO_ESM
model predicting the lowest rainfall (76.91mm).
In July, the BCC_CSM1_1 M model predicted the
highest value of 61.61mm, while the FIO ESM
model projects the lowest rainfall value of -49.2mm.
The projections for August vary between the mod-
els, with the BCC_CSM1_1 M having the high-
est value of 195.29mm, and MIROC_ESM having
the lowest value of -37.93mm. The CCSM4 model
projected the highest rainfall increase (115.14mm),
while the GISS E2 R model projected the lowest
rainfall (-43.12mm) for September. For October, all
models showed an increasing rainfall pattern, with
the BCC_CSM1 1 M model projecting the highest
value of 246.12mm and the GISS E2 R model pro-
jecting the lowest value of 7.94mm. In November,
the CSIRO MK3 6 0 model predicted the highest
value of 196.8 lmm, while the BCC_CSM1 _1 model
projected the lowest value of -95.79mm under the
SSP 8.5 in the period of 2020 to 2100. Lastly, the
CSIRO MK3 6 0 model projected the highest val-
ue of 147.24mm, while the CESM1_CAMS5 model
projected the lowest value of -48.3mm under SSP
8.5 scenarios for December (Fig. 21).

The study has also identified the variations in pro-
jected rainfall under SSP 8.5 scenarios in the study
area during different climatic periods. Fig. 4.63 illus-
trates the projected rainfall variations across these pe-
riods. The upcoming climatic period (2020 to 2050)
presents varying climate change projections for the

Fig. 20. Projected multi-model ensemble decadal monthly rainfall changes in the Northern Province of Sri Lanka from 2020 to 2100

under SSP4.5
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Fig. 21. Various models projected rainfall of the Northern region of Sri Lanka for the period from 2020 to 2100 under the SSP 8.5

scenario

Fig. 22. Ensemble projected rainfall for a different climatic period of the Northern region of Sri Lanka under the SSP 8.5 scenario

Northern region of Sri Lanka, contingent on the SSP
scenarios. This marks the initial analysis of the future
climate change projections for the region under SSP
4.5 and SSP 8.5.

Discussion

Upon analysis of future climate change, every
model has indicated varying temperature and rain-
fall values in the study area. Therefore, future cli-
mate change projections vary among each model and
scenario. Regrettably, there is currently no existing
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research on the future climate change projection in
the Northern region of Sri Lanka. Hence, the present
study is the first piece of literature regarding the anal-
ysis of future patterns of climate change in the area.
While most studies on climate change in Sri Lanka
have been based on earlier scenarios such as Al, A2,
B1 & B2, there have been very few studies done with
new scenarios such as SSP 4.5 and SSP 8.5. (Then-
nakone, 2018) Despite some similarities with the re-
sults of earlier studies, the current study explores new
scenarios, resulting in different seasonal and monthly
basis values.
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Concerning temperature analysis, all models in
this study show identical results to previous studies
related to climate change in Sri Lanka. However, sea-
sonal and monthly basis values display differences.
For instance, De Costa, (2012)indicated that temper-
atures would increase by 0.6°C in the future, varying
for each climatic period. Furthermore, other studies
have shown different values for temperature projec-
tions, with some presenting high increases and others
low increases, depending on the season and month
(Basnayake et al., 2021; Shanthi De Silva, 2016).

Regarding rainfall projections as future climate
change, there are no similarities between this study
and other studies. Every study displays different rain-
fall changes annually, seasonally, and monthly. Addi-
tionally, ensemble values also vary, and few studies
indicate an increased value, while others show low
values in rainfall changes. The impact of climate
change on surface water is adverse. The high evap-
oration rates have greatly decreased the water levels
and availability, and high runoff rates have likewise
affected water levels, water availability, flood vulner-
ability, and drought in the study area. Unfortunately,
research about climate change’s impact on surface
water resources in Sri Lanka has shown similar results
(Withanachchi et al., 2014; Rajendram, Gunewardena
& Rajendram, 2017). Studies such as Bonjean Stan-
ton et al., (2016), Alahacoon & Edirisinghe, (2021),
and Weerasinghe et al., (2018) reveal that the authors’
water sources’ evaporation rates directly affect water
resources when studying future climate change. Based
on the analysis of future rainfall and temperature, an
interesting fact is that the study area projects an in-
crease in both temperature and precipitation under the
SSP 4.5 and 8.5 scenarios.

The analysis of climate change is indicative of
significant outcomes in this study. Notably, several
crucial alterations have been identified in the area un-
der survey, consistent with other studies that revealed
comparable trends in different parts of the world(De
Silva & Hornberger, 2019; Shanthi de Silva, 2014;
Basnayake et al., 2021; Naveendrakumar et al., 2018).
According to the report of national agencies assessing
climate change, the temperature increase of 0.81 °C
from 1901 to 2019 is considered a baseline and ac-
ceptable definition of changes in Sri Lanka’s climate
(Eriyagama, N., Smakhtin, V., Chandrapala, L. and
Fernando, 2010). Furthermore, the current research
found that the temperature change in the Northern re-
gion of Sri Lanka corresponds to the national average
of 0.84 °C, with similar seasonal temperature fluctua-
tions observed in other areas. The study further iden-
tified a temperature increase of 0.96 °C in the SWMS,

likewise observed in other studies (Chandrasekara et
al., 2013; Weerasinghe et al., 2018;ADB, 2022; Kak-
lauskas et al., 2018; G. De Silva & SB, 2015). Never-
theless, there are considerable variations in monthly
temperature changes observed in our study compared
to others. Specifically, reports from June to Septem-
ber, differ from other studies that indicate different
values of temperature changes. Although previous
studies indicated substantive temperature increments
in the country’s monthly mean, daily maximum and
minimum vary. Altogether, there are distinctive differ-
ences recorded in the daily mean and overall annual
changes in temperature experienced in various parts
of Sri Lanka (Somasundaram et al., 2020; Naveen-
drakumar et al., 2018; Piratheeparajah, 2010; ADB,
2022; Hettiarachchi, 2015).

The current study has divulged a transformation
in the seasonal rainfall trend that signifies a shift in the
pattern. The NEMS’ power is dwindling, and SWMS’
contribution to the total rainfall in the study area is
on the increase. The majority of climate change stud-
ies conducted in Sri Lanka reflect significant changes
in the amount of seasonal rainfall. According to the
country’s observed climate change, certain parts of
Sri Lanka have experienced a increase in seasonal
rainfall, whereas others have undergone a decrease
in rainfall. In particular, some studies conducted by
(Eriyagama, Smakhtin, Chandrapala, and Fernan-
do, (2010), Praveen et al., (2020), Guruge, (2017)
Makubura et al., (2022), Alahacoon & Edirisinghe,
(2021)report a decline in rainfall during SWMS.
However, the present study demonstrates growth in
rainfall patterns during the SWMS. Furthermore, nu-
merous other studies have prompted the possibility
of an alteration in the spatial distribution of rainfall,
although a discernible pattern has not yet emerged
(Weerasinghe et al., 2018; Makubura et al., 2022; G.
De Silva & SB, 2015; Hettiarachchi, 2015; Alahacoon
& Edirisinghe, 2021a). Nevertheless, many research-
ers agree that the variability of rainfall has increased
over time, particularly during the Yala season

Currently, there exist certain studies that suggest
that the evaporation rate within the study area has in-
creased due to the rising temperature. If the temper-
ature continues to increase in the future, it will lead
to a further augmentation of the evaporation pattern.
At present, several areas within the study area, in-
cluding Manthai West, Nanaddan, Musali, Manthai
East, Thunukkai, Cheddikula, Velanai, Kyts, Delft,
Karainagar, and selected areas within the Karaichchi
Divisional Secretariat Division are afflicted with a
severe water scarcity problem during the South West
Monsoon Season because of temperature spikes,
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which are associated with a higher rate of evapora-
tion. If temperatures climb higher in the future, it will
exacerbate the water scarcity and drought problem
during this season. The model projections suggest
that during the SWMS months, the temperature will
continue to increase; thus, it will have a serious effect
on water resources and people, further compounding
their struggles to obtain water for household and con-
sumption purposes. Additionally, during the months
from mid-November to mid-December, some of the
low-lying areas in the study area tend to face floods
during the North-East Monsoon season. If the rainfall
during the November-December months increases,
it would negatively impact the people living in these
low-lying areas of the study area.

Conclusions

The predicted temperature and rainfall patterns in
the Northern Province of Sri Lanka reveal a signifi-
cant upward trend across various SSPs and climatic
periods. The multimodal ensemble predicts varying
degrees of temperature and rainfall increases in the
study area, with different models projecting differ-
ent values between 2020 and 2100. The study finds
that, under SSP 4.5, temperatures are expected to
increase by 1.13°C and rainfall by 106.9mm; while
under SSP 8.5, temperatures will increase by 1.81°C
and rainfall by 159.46mm. Given that temperature is
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