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Abstract

This study analyzed trends in compound climate extremes in Thailand during 1970-2050,
based on high-quality station observed data from the Thailand Meteorological Department and
the grid data from Coupled Model Intercomparison Project Phase5 (CMIP5) (EC-Earth, HadGEM2-
ES, MPI-ESM-MR) and CMIP6 (EC-Earth3, MPI-ESM- MR) simulated under the scenarios of
Representative Concentration Pathway (RCP4.5/RCP8.5) and Share Socioeconomic Pathway
(SSP245/SPP585), respectively. The CMIP5 climate models were dynamically downscaled to a
spatial resolution of 25 km x 25 km, while the CMIP6 climate models CMIP6 were statistically
downscaled to a spatial resolution of 5 km x 5 km. The compound climate extreme events
analyzed in this study include Compound Heat-Precipitation Events (heavy precipitation events
preceded by hot weather within three days; CHPEs), Compound Heat-Drought Events (hot weather
occurring simultaneously with a more severe drought event; CHDEs) and Compound Cold-Heavy
Precipitation Events (cold weather occurring at the same day as heavy precipitation event; CCPEs).

Analysis shows that CHPEs is observed in every region of Thailand and mostly occur
between March and July, which is a period when there is a chance of heavy precipitation events
following the hot weather in the year. During 1970-2022, CHPEs were tendency for significant
increases over a wide area in the central, eastern, northeastern, and northern regions. When
considering Thailand as a whole, CHPEs had a statistically significant increasing trend at an average
rate of 0.26 events per decade. Correlation analysis demonstrates that CHPEs in Thailand over
the past 53 years had a highly statistically significant relationship with the global mean
temperature. That is, changes in the global mean temperature can explain more than 70% of the
total variance of CHPEs in Thailand. In addition, CHPEs correlated with the indices representing
the atmospheric and ocean circulation modes in the Pacific. These results indicate that changes
in the atmospheric and ocean circulations especially those associated with the ENSO
phenomenon are also an important remote driver influencing the interannual variability of CHPEs

in Thailand. The CMIP5 and CMIP6 climate models consistently simulated CHPEs in the near future
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(225—2050) which CHPEs in most of Thailand will increase but the magnitudes of change are
different between CMIP5 and CMIP6. The CMIP5 climate model shows an increase in CHPEs in the
northeastern, northern and central regions both two RCP scenarios, while the CMIP6 climate
model simulated an increase in CHPEs over most of Thailand covering all regions under two SSP
scenarios.

As the overall picture of Thailand, the results from analysis show low proportion of CHDEs
occurrence during 1970-2002, with CHDEs occurring most frequently in the central region.
Meanwhile, the number of more severe drought events (SPly0<-1.5) during 1970-2022 had a
similar range (2.6% to 3.3%) in each region. CHDEs and more severe drought events exhibited the
highest proportion of annual occurrences in May-August and June-September, respectively. These
results are quite inconsistent with reality even though there may be dry spell occurring in some
years. The annual number of CHDEs and more severe drought events during 1970-2022 showed
both increases and decreases, with no clear linear trend patterns but notable short-term
variability. In the overall picture of Thailand, no statistically significant linear trends were found in
the annual number of more severe drought events and CHDEs. The results from the correlation
analysis reveal that CHDEs in Thailand had a statistically significant relationship with the indices
related to the ENSO phenomenon. This study shows that the ENSO phenomenon and changes in
atmospheric and ocean circulations in the Pacific are an important factor in the change of the
number of CHDEs in Thailand over the past 53 years. The CMIP5 and CMIP6 climate models
simulated changes in CHDEs quite differently between the present and the near future periods
and between RCP and SSP scenarios. The CMIP5's EC-Earth model simulated an increase in CHDEs
in the present and in the near future over most of Thailand. The CMIP6's MPI-ESM1-2-HR model
simulated an increase in CHDEs over most of Thailand both SSP scenarios. For CCPEs, both
observed data and climate model data detected rare occurrence, and no significant changes were
projected in the present or in the near future.

Hotspot analysis considering from spatial patterns of the leading mode of EOF for the
ensemble means of the three CMIP5 climate models in the present period (2006-2024) under the

RCP4.5 and RCP8.5 scenarios show that the areas in the upper part of the central region and the
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aras of Bueng Kan province as well as the central region in the Chao Phraya Basin exhibited high
spatial variability for CHPEs and CHDEs. These areas can be considered as sandboxes in the second
phase to study risk of compound climate events using Intergovernmental Panel on Climate
Change (IPCC) framework. It should be noted that these critical areas characterize the hotspots
only in terms of the compound extreme hazard element of the IPCC’s risk framework. Therefore,
detailed risk assessment in these hotspot areas needs to collect and analyze a number of local
data representing vulnerability and exposure.

The results from this study on current and future changes in compound climate extremes
under ongoing climate change including teleconnection with the atmospheric and ocean
circulation modes are the first scientific information presented in Thailand and useful in generating
new knowledge that is needed for assessing and better understanding the risks from multi-event
climate hazards and approaches to managing from compound climate extreme events of various
related agencies including communities especially those vulnerable to multi-extreme climate
hazards. In this regard, Thailand should play more attention on this issue via continuing and
expanding the present study and its results should be used widely through the missions of the

Department of Climate Change and Environment.
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