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Widespread warmth across
the Arctic in summer 2023

2023 brought Arctic's
hottest summer on record
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Title: Comparative Analysis of Monthly Average
Maximum Temperatures in Meteorological Obser-
vation Stations in Sri Lanka: 1961-1990 vs. 1991-
2020

S C Herath, Meteorologist, Department of Meteorology
Abstract:

Climate change is a pressing global concern that has far-reaching implications for
regions across the world, including Sri Lanka. Sri Lanka, situated in the tropical
region, is vulnerable to the impacts of climate change. The maximum temperature
in various regions of the country remained within an average range of 30°C to 32°C
throughout the year. The island experienced two main monsoon seasons, the
southwest and northeast monsoons, which brought rains to different parts of the
country at different times of the year. The southwest monsoon, which occurs from
May to September, typically brings cooler and wetter conditions to the southwest-
ern regions, while the northeast monsoon, from December to February, affects the
northeastern parts of the island. These two monsoon seasons helped regulate
temperature and precipitation, maintaining a relatively consistent climate pattern.
Understanding the temperature trends in Sri Lanka is crucial for various reasons.
Warming trends can impact agriculture, human health, and water resources. A rise
in temperature can lead to increased evaporation, affecting the availability of fresh-
water resources. It can also influence ecosystems and habitats, potentially endan-
gering species that are sensitive to temperature changes. The study aims to exam-
ine and quantify temperature variations over the years and explore potential trends
and implications for the country's climate. Data from multiple meteorological sta-
tions were collected, processed, and analyzed to provide insights into the changing
temperature patterns in Sri Lanka.

Keywords: Maximum Temperature, Climate Change, Monsoon
1.Introduction

Sri Lanka, situated in the tropical region, is vulnerable to the impacts of climate
change. The maximum temperature in various regions of the country remained
within an average range of 30°C to 32°C throughout the year. The island experi-
enced two main monsoon seasons, the southwest and northeast monsoons, which
brought rains to different parts of the country at different times of the year. The
southwest monsoon, which occurs from May to September, typically brings cooler
and wetter conditions to the southwestern regions, while the northeast monsoon,
from December to February, affects the northeastern parts of the island. These
monsoon seasons helped regulate temperature and precipitation, maintaining a
relatively consistent climate pattern.

Sri Lanka is highly susceptible to the effects of climate change, with potential conse-
quences for its agriculture, water resources, and overall socio-economic stability. Sri
Lanka's climate was relatively stable, with temperatures showing slight fluctuations.
Maximum temperature is a key climatic parameter that influences various aspects
of life in Sri Lanka, from crop yields to heat-related health issues. Over the past few
decades, Sri Lanka has witnessed shifts in its climate patterns, with temperature
variations being a significant concern. This article will explore the maximum tem-
perature trends in Sri Lanka during two distinct periods: 1961-1990 and 1991-2020,
shedding light on how the island's climate has evolved over time.

2.Data and Methods
2.1 Data Collection

The primary data for this study were obtained from database of department of
meteorology 17 meteorological observation stations across Sri Lanka. Specifically,
the study focused on monthly maximum temperature data recorded at these se-
lected stations spanning the years 1961 to 2020. To facilitate a comprehensive
analysis, the data was segmented into two distinct 30-year periods: 1961-1990 and
1991-2020. These segments provided a valuable basis for evaluating climatological
trends and patterns within the specified periods.

2.2 Data Analysis

2.2.1 Statistical analysis was performed to investigate trends in maximum tempera-
tures. The following methods were used:

Calculation of monthly maximum temperatures for two time periods 1961-1990 and
1991-2020.Calculation of linear trends to identify temperature changes over the
two periods.

The data reveals significant variations in monthly maximum temperature differ-
ences across the meteorological stations in Sri Lanka. To provide a comprehensive
analysis, the trends in different regions and the implications of these trends for
each station.

Northwestern Sri Lanka (Mannar and Puttalam):
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Figure 1: Maximum temperature trends in Meteorological observation stations Mannar
and Puttalam

(1961-1990 Blue and 1991-2020 Red)

Northcentral Sri Lanka (Vavuniya, Anuradhapura and Maha-llluppallama):
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Figure 2: Maximum temperature trends in
Meteorological observation stations Vavuniya,
Anuradhapura and Maha-illuppallama (1961-
1990 Blue and 1991-2020 Red)
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Eastern Sri Lanka (Trincomalee, Batticaloa and Badulla):
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Figure 3: Maximum temperature trends in
Meteorological observation stations Trin-
comalee, Batticaloa and Badulla (1961-
1990 Blue and 1991-2020 Red)
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Southwestern and Central Sri Lanka (Rathnapura, Kurunegala, Katugastota, and
Nuwara-Eliya):

Kurunegala Katugasthota
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Figure 4: Maximum temperature trends in Meteorological observation stations
Rathnapura, Kurunegala, Katugastota, and Nuwara-Eliya (1961-1990 Blue and 1991-
2020 Red)



Western Sri Lanka (Colombo, Katunayake and Ratmalana):
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Figure 5: Maximum temperature trends in

Meteorological observation stations Colom-
bo, Katunayake and Ratmalana (1961-1990

Figure 11: Monthly Maximum tempera-
ture distribution in September over Sri
Lanka in 1961-1990 vs 1991-2020

Blue and 1991-2020 Red) North-east monsoon (December - February)
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Southern Sri Lanka (Galle and Hambantota):
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Figure 6: Maximum temperature trends in Meteorological observation Galle and Ham-
bantota (1961-1990 Blue and 1991-2020 Red)

2.2.2 Spatial distribution mapping to visualize temperature variations across Sri
Lanka.

Average monthly maximum temperature values in meteorological observation
stations across Sri Lanka in two distinct 30-year periods: 1961-1990 and 1991-
2020 was mapped monthly wise using Geographic Information System (GIS) and
the Inverse Distance Weighting (IDW) method to create a comprehensive over-
view of temperature trends across the country. The results were categorized into
monsoonal and inter-monsoonal seasons, providing valuable insights into tem-
perature patterns during these periods.

South-west monsoon season (May-September)
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Figure 7: Monthly Maximum temperature
distribution in May over Sri Lanka in 1961
-1990 vs 1991-2020

Figure 8: Monthly Maximum temperature
distribution in June over Sri Lanka in 1961
-1990 vs 1991-2020
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Figure 9: Monthly Maximum tempera-
ture distribution in July over Sri Lanka in
1961-1990 vs 1991-2020

Figure 10: Monthly Maximum tempera-
ture distribution in August over Sri Lanka
in 1961-1990 vs 1991-2020
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Figure 12: Monthly Maximum tempera-

ture distribution in December over Sri
Lanka in 1961-1990 vs 1991-2020
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Figure 14: Monthly Maximum tempera-
ture distribution in February over Sri
Lanka in 1961-1990 vs 1991-2020

First inter monsoon (March- April)

Figure 13: Monthly Maximum tempera-

ture distribution in January over Sri Lanka
in 1961-1990 vs 1991-2020
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Figure 15: Monthly Maximum tempera-

ture distribution in March over Sri Lanka
in 1961-1990 vs 1991-2020

Second inter monsoon (October- November)

Figure 16: Monthly Maximum tempera-
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ture distribution in April over Sri Lanka in
1961-1990 vs 1991-2020
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Figure 17: Monthly Maximum tempera-

ture distribution

in October over Sri

Lanka in 1961-1990 vs 1991-2020

Figure 18: Monthly Maximum tempera-

ture distribution in November over Sri
Lanka in 1961-1990 vs 1991-2020




It is difficult to identify significant differences when comparing monthly maximum
temperature values in two time periods 1961-1990 vs 1991-2020. For better visuali-
zation difference between 30-year average annual maximum temperature values for
two time periods were taken and mapped using same method.

Tablel: Average Maximum Temperature Difference over two periods 1991-2020 &
1961-1991 by meteorological observation stations

Station Name Latitude Longitude Average Temperature
Difference
(1991-2020:1961-1991)
Mannar 8.98 79.92 0.3815°C
Trincomalee 8.58 81.25 0.7448°C
Anuradhapura 8.35 80.38 0.5781°C
Maha- 8.12 80.47 0.0773°C
Illuppallama
Puttalam 8.03 79.83 0.1906°C
Batticaloa 7.72 81.7 0.6479°C
Kurunegala 7.47 80.37 0.2825°C
Katugastota 7.33 80.63 0.3909°C
Katunayaka 7.17 79.88 0.0485°C
Colombo 6.9 79.87 0.3245°C
Ratmalana 6.82 79.88 0.8511°C
Nuwara eliya 6.97 80.77 0.0266°C
Badulla 6.98 81.05 0.4493°C
Ratnapura 6.68 80.4 -0.0834°C
Galle 6.03 80.22 0.6959°C
Hambantota 6.12 81.13 0.8082°C

Average TMax Differance (1991-2020/1961-1990)
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Figure 19: Average Maximum Temperature Difference over two
periods 1991-2020 & 1961-1991

Results

Warming Trend: Most meteorological stations in Sri Lanka have experienced a warm-
ing trend in maximum temperatures between the two periods analyzed. Stations
such as Trincomalee, Ratmalana, and Hambantota have shown substantial increases
in temperatures, indicating a warming trend over the years.

Regional Variations: It is evident that the extent of temperature increase varies
across the country. Coastal stations like Trincomalee, Galle, Ratmalana and Ham-
bantota have seen more significant temperature changes compared to inland sta-
tions like Nuwara Eliya and Badulla.

Impact of Monsoons: The temperature trends can be correlated with the monsoon
seasons. It is essential to consider how these trends relate to the timing and intensity

of the southwest and northeast monsoons, as they have a substantial impact on Sri
Lanka's climate.

Warming Trend: Most of the selected stations exhibit a warming trend between the
two periods. Stations such as Hambantota and Trincomalee show the highest in-
crease in average maximum temperatures, with 0.8082°C and 0.7448°C respectively.
This indicates a considerable shift towards warmer conditions in these areas.

Variability: The temperature differences aren't uniform across the country. Some
regions, like Maha llluppallama, exhibit minimal changes in temperature, while oth-
ers, like Ratnapura, even show a slight cooling trend, although the change is margin-
al.

Local Factors: Various factors, including geographical location, proximity to the
ocean, elevation, and local climate patterns, can contribute to the observed temper-
ature differences. Coastal areas, in general, show a more pronounced warming
trend, which is consistent with global climate change patterns.

4. Conclusion

Understanding the temperature trends in Sri Lanka is crucial for various reasons.
Warming trends can impact agriculture, human health, and water resources. A rise in
temperature can lead to increased evaporation, affecting the availability of freshwa-
ter resources. It can also influence ecosystems and habitats, potentially endangering
species that are sensitive to temperature changes.

This research paper provides a comprehensive analysis of maximum temperature
trends in Sri Lanka between 1961-1990 and 1991-2020. The study highlights the
significance of monitoring and understanding climate change at the regional level.

Long-Term Climate Trends:

The positive differences indicate that, on average, maximum temperatures have
increased in Sri Lanka from the 1961-1990 period to the 1991-2020 period. The
magnitude of the differences varies by station, but most locations have experienced
warming trends.

The comparison of maximum temperatures in Sri Lanka between the periods of 1961
-1990 and 1991-2020 highlights a significant warming trend over the past few dec-
ades. This shift is driven by a combination of global and local factors, including global
warming, El Nifio and La Nifia events, urbanization, and changes in monsoon
patterns.

The observed temperature trends have important implications for various sectors in
Sri Lanka, necessitating adaptation and mitigation measures.
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Selected Significant Climate Anomalies and Events: November 2023
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Review of Rainfall and Temperature - 2023

First Intermonsoon

Received Total Rainfall

Percent of Normal Precipitation
FIM_2023 FIM_2023

(wrt 1981-2010 Avg.)

(b) accumulated rainfall as a percentage
with respect to the climatological value
Fig 1: First Intermonsoon rainfall-2023

(a) Accumulated rainfall

South-west monsoon

South west monsoon period considers as May to September over Sri Lanka. More
rainfall is experience in south

[mmammnnlz s western parts of the country
= ﬁ “"| during this period. Monsoon
- TRt y establish over the country in

Lt ot 1t Ui Wt

+=w=w| |end of May or early June. It

was on 02™ June in year 2023.

Fig 2: Represents south-west
monsoon onset

(establishment) dates and
average dates over Bay of
Bengal and Sri Lanka area. Red
colour lines represents aver-
age onset dates and blue
colour represents onset dates
in year 2023.

Fig 2 : South-west monsoon onset dates in 2023 and
average dates (source: India Meteorological Department)

Rainfall over Sri Lanka during the south-west monsoon period

Monthly Rainfall Monthly Rainfall Monthly Rainfall = Monthly Rainfall Monthly Rainfall
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Fig 3: Monthly accumulated rainfall
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(a) (b) (c) (d) (e)
Fig 4: Monthly accumulated rainfall as a percentage
with respect to the climatological value

Fig 3.3, Fig 3.b, Fig 3.c, Fig 3.d and Fig 3.e represents monthly accumulated rainfall
during the month of May, June, July, august and September respectively. And Fig
4.3, 4.b, 4.c, 4.d and 4.e represent monthly accumulated rainfall with respect to
the climatological value (1981-2010: 30-year average).

Climatological rainfall was not received in South western part of the country
during the month of May, July and August. It was reported more than 200% of
climatological value of rainfall in eastern and Northern part of the country during
the month of May. There was no considerable rainfall reported up to month of
September. Monthly rainfall was exceeded climatological value of rainfall in south
western parts of the country during the month of September and it was support-
ed to exceed total rainfall of south west monsoon in south western parts of the
country

Normal Precipitation
SWM_2023

Lagmas Received Total Rainfall
SWM_2023 (wrt 1981.2010 Avg.)

Wcm of
S i2e

(b) accumulated rainfall as a percentage
with respect to the climatological value
Fig 5: South west monsoon rainfall-2023

Fig 5.a and Fig 5.b represent accumulated rainfall in south west monsoon period
and that rainfall as a percentage with respect to the climatological value. Accord-
ing to the available data it is very clear Southern province received more rainfall
than the average condition during south west monsoon period 2023. And below
normal rainfall was reported in central province during the south west monsoon

period.

(a) Accumulated rainfall

SWM-2023
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Graph 1: District rainfall data with respect to the climatological rainfall
(1981-2010: 30-year period)

Graph 1- represents district rainfall data as a percentage with respect to the
climatological value and it is very clear Kandy, Nuwara-Eliya and Matale districts.

Monthly Rainfall
Oct_2022

Monthly Rainfall
. NOV_2023

(a) (b)
Fig 6: Monthly accumulated rainfall

Fig 6.a, Fig 6.b represent monthly accumulated rainfall during the month of Octo-
ber and November respectively. And Fig 7.a and 7.b represent monthly accumu-
lated rainfall with respect to the climatological value (1981-2010: 30-year aver-

age).



Temperatures during March to December period:

ssPercent of Normal g, Percent of Normal

Precipitati SN . .
';‘*},';',_’202'; s "";fc"}‘i;ﬁgg Maximum temperature (daily temperature)

\ (wrt 19812010 Avg.) 2 (wrt 1981-2010 Avg.)

Maximum temperature was significant during the month of July (Graph:2) and
August 2023(Graph:3). Above normal maximum temperatures were reported in
many meteorological stations in many days in July 2023. Except of Batticaloa,

other all meteorological stations were reported above normal maximum temper-
atures during the month of August 2023.
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with respect to the climatological value N
Graph 2: Maximum temperature anomaly  Graph 3: Maximum temperature anomaly

Except of Jaffna peninsula, above normal monthly accumulated rainfall was re- .
P P ! v during the month of July 2023 during the month of August 2023

ceived most places of the country during the month of October 2023. It was more
than 200% in Southern province, Trincomalee and Polonnaruwa districts com- Minimum temperature (Night time temperature)

pared with the climatological values during the month of October. Above normal Except for a few days above normal minimum temperatures were reported in
rainfall was received all most all places in the Island in November 2023. However many stations in June, July, August and December 2023 that is represents Graph
North western and Northern provinces were received more than 150% of rainfall 4, Graph 5, Graph 6 and Graph 7 respectively.
compared with the climatological values as well. i 00 S Hedanar
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Graph 4: Minimum temperature anomaly Graph 5: Minimum temperature anomaly
during the month of June 2023 during the month of July 2023
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Fig 8: Second Intermonsoon rainfall Graph 6: Minimum temperature anomaly Graph 7: Minimum temperature anomaly
) during the month of August 2023 during the month of December 2023
Fig 8.a, Fig 8.b represent accumulated rainfall during the Second Inter-monsoon
and monsoon rainfall as a percentage with respect to the climatological value.
Above normal rainfall was received over the country during the Second Intermon- Widesprt_zad warmth across 2023 brought Arctic's
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Previous Month highlights

(Month of November 2023)
Highest rainfall :

131.7 mm at Handapanagala on 26" March 2023.

Rainfall (Main Stations) With 30 Average- November 2023 Rainfall (Hydro catchment area) With 30 Average- November

23

20;
/\/M/

S N

Maximum of Maximum Temperature
35.0 °C at Rathnapura on 17" November 2023
Minimum of Minimum Temperature

10.0°C at Nuwara Eliya on 24" November 2023

Seasonal and Monthly Rainfall Forecasts for De-
cember-February 2023/24

Seasonal Rainfall Forecast for December 2023 to February 2024

This consensus Climate Outlook for December 2023 to February 2024 season
over Sri Lanka has been developed through an expert assessment of the prevail-
ing global climate conditions influencing the South Asian climate and seasonal
forecasts from different climate models around the world. El Nino is anticipated
to continue through the Nothern Hemisphere spring (with a 62% chance during
April-June 2024) with chances gradually decreasing from the winter through the
spring. A transition to ENSO neutral is anticipated in May-July 2024. All interna-
tional climate models isurveyed by the Bureau suggest the positive 10D event is
likely to ease in December 2023. Careful consideration is also given to other
regional and global factors as well as the intraseasonal variability of the region
that can affect the rainfall and temperature patterns over the country.

Seasonal Rainfall Forecast for December 2023—-February 2024 (DJF)

Fig 1.Consensus Probabilistic Monthly rainfall forecast for FMA 2023

There is a possibility of having above normal rainfall over eastern province and
near normal rainfall over Rathnapura, Galle, Matara and Kalutara districts. Be-
low normal rainfalls are likely over central province and there is no clear signal
indicated for other areas of the country during DJF 2023/24 season as a whole
(Fig.01).

Monthly Rainfall Forecasts for December 2023,
January and February 2024

For the month of December 2023

There is a higher chance of having above normal rainfall over Eastern province
and near or slightly above normal rainfall over most parts of the country during
the month of December 2023

There is a possibility for developing Low pressure systems, depressions and
Cyclones over and vicinity of Sri Lanka during the month.

ea surface temperature patterns in the Nifio-3.4 region of tropical Pacific
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Sea surface temperature in the Nifio-3.4 region of the tropical Pacific from 1900 to 2023. Monthly
data have been smoothed with a 5-month running mean after removing a seasonal climatology for
1981-2010. Red peaks are El Nifio events and blue troughs La Nifia events. The approximate mid-
point of the time series is indicated by the vertical black line in 1960. The white area between +0.5°

For the month of January 2024

There is a chance of having near normal rainfall over Eastern, Uva and Southern
province and no signal over remaining areas during the month of January 2024
Wavy type disturbances are also possible during the month of January having
higher rainfalls. Ground frost are possible in Nuwara Eliya district during the
month.

For the month of February 2024

There is a possibility of having below normal rainfall over most parts of the
country during the month of February 2024.

Temperature Forecast for the
months of December-February 2023/24

Seasonal Probabilistic Temperature Forecast for
December 2023 to February 2024 (DJF)

Fig 2: Fig3:
Fig 2: provides the Probabilistic forecast for Maximum Temperatures for DJF season 2023/24
Fig 3: provides the Probabilistic forecast for Miniimum Temperatures for DJF season 2023/24

Fig 2 shows the probabilistic forecast for Maximum Temperatures during DJF
season 2023/24.

There is a higher chance of experiencing slightly above the normal Maximum
Temperatures in Vavuniya, Anuradhapura, Puttalam, Kurunegala, Colombo,
Gampaha, Galle, Hambantota, Rathnapura, Kandy, Nuwara Eliya, Ampara, Batti-
caloa and Badulla districts (Fig 14) for the DJF 2023/24 season.

The district wise average Maximum Temperatures are given in the column 2 of
the table 3 and the chance (probability) of receiving below/about/above averag-
es are given in the columns 3, 4, and 5 respectively.

Fig 3 provide the probabilistic forecast for Minimum Temperatures during DJF
season 2023/24.

Accordingly, there is a higher chance of experiencing slightly above the normal
Minimum Temperatures in Mannar, Vavuniya, Anuradhapura, Puttalam, Kurune-
gala, Colombo, Gampaha, Galle, Hambantota, Rathnapura, Kandy, Nuwara Eliya,
Ampara, Batticaloa and Badulla districts (Fig 15) during DJF 2023/24 season.
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(Source :lllustration by Anna Eshelman, NOAA Climate.gov.)

Global Weather Forecast Precipitation for January 2024

Issued: 15 Dec 2023 Unit: mm/day (Anomaly)

(Source: bhttps://apcc21.org/ser/outlook.do?lang=en)

Climate Outlook for January 2024 ~ June 2024

®  The APCC ENSO Alert suggests “El Nifio”. In November 2023, above normal
sea surface temperature anomalies spanned the equatorial Pacific. The
Nifio3.4 index is expected to gradually decrease from 2@ to -0.2@ for Janu-
ary — June 2024. The probability for EI Nifio conditions is also expected to
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gradually decrease from 99.6% to 56.5% for the same period. SR Paned! 1935 2011
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Temperature and Precipitation Outlook for bon 5 . Urnit:mmvdey (nomaly)
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[ Strongly enhanced probability for above normal temperatures is predicted
for the tropical region, North Pacific, southern South Pacific, southern
South Atlantic, southern Indian Ocean, Africa, and northern Australia. En- 0
hanced probability for above normal temperatures is expected for Eurasia,
North America, southern Australia, the Arctic and Antarctic. i > N &z g

®  Enhanced probability for below normal temperatures is predicted for some P ] D M ot w
region of the southeastern South Pacific and the Antarctic Ocean between P e | __________
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o Strongly enhanced probability for above normal precipitation is predicted HEEROCC e .
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western Indian Ocean. Enhanced probability for above normal precipitation
is expected for the southern Indian Ocean, and Indonesia. A tendency for bon _lssued: 15 Dec 2023 Unit: mm/day (Anomaly)
above normal precipitation is predicted for Eurasia (excluding the Middle <
East), the Arctic Ocean, and the subtropical North Atlantic.

° Strongly enhanced probability for below normal precipitation is predicted BoN

for the central and western off-equatorial North Pacific, eastern off-
equatorial South Pacific. Enhanced probability for below normal precipita-
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