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Heatwave events (HWES) have strong impacts on human health, ecosystems, and sustainable social development.
In the future, the increase in HWESs over the Yangtze River Basin (YRB) region is likely to be associated with the
enhancement of the western-Pacific subtropical high (WPSH) and South-Asian high (SAH), and this enhancement
was also greater under SSP585. The results from the high-resolution simulation of the RCM can provide an

important reference for disaster prevention and mitigation in the future.

WRF model projection Yangtze River Basin

| 1. Introduction

Reliable weather and climate forecasts of Heatwave events (HWES) are essential for risk mitigation and early-
warning systems 1. Most global climate models (GCMs), with resolutions from 100 km to 200 km, are generally
good in capturing large-scale circulation B4 put they are not efficient enough to represent the fine-scale
processes of the atmosphere, as well as the terrain and land-use distribution, which makes it difficult to accurately
characterize regional HWEs BIBIEl Regional climate models (RCMs), with refined grid spacing and solid-model
physics, can address the abovementioned problems associated with GCMs very well RIZAL Several studies have
indicated that RCMs are believed to provide more added value in their simulations with respect to GCMs [12]23][14]
(151 Based on the above facts, it is important and meaningful to use RCMs to study the mechanisms and variation
of HWEs in a certain area 18I[17[18],

The Yangtze River Basin (YRB) is one of the core regions for the occurrence of HWEs in China 2. A large number
of studies have focused on how HWEs in this region are generated from the perspective of large-scale circulation
anomalies 19201 variability in the sea-surface temperature (SST) [21, and anomalous boundary characteristics in
observational diagnostics 22 Li, Xiao, and Zhao [2% suggested that the occurrence of HWEs is strongly associated
with the joint effects of the western-Pacific subtropical high (WPSH) and the South-Asian high (SAH). In addition,
Teng and Branstator 23] pointed out that the East-Asian jet stream (EAJS) can act as a waveguide to adjust the
intensity and position of the WPSH through quasi-zonal teleconnections, which further influence the HWEs in the
YRB region. It is also indicated that the strong SST anomaly over the mid-North Atlantic connects to the WPSH and
East-Asian upper-level westerlies via the teleconnection wave train and can further contribute to the variability of
HWESs over the YRB region [24],

| 2. Characteristics of HWEs in the Historical Period

https://encyclopedia.pub/entry/19163 1/7



Heatwave Events over the Yangtze River Basin | Encyclopedia.pub

The summer mean Tmax over the YRB increased slowly, and it exhibited an obvious interdecadal shift at
approximately 2000, which became a positive anomaly (Figure 1a). Correspondingly, the total number of HWEs
also showed a slow rise and shifts in 2000 (Figure 1b). It is also worth mentioning that the YRB experienced
persistent HWEs in 2013, and the Tmax of many weather stations set a new record. Interestingly, although the total
number of HWES is increasing; the short-lived HWEs have not risen so much, except for more occurrences in
approximately 2005; and there was no obvious upward trend in other years (Figure 1c). However, it should be
mentioned that the number of long-lived HWEs increased obviously during the study period, which is the main
reason for the increase in the total number of HWEs (Figure 1d). Similar characteristics can be found for the
variation in HWDs between the two classes of HWEs (Figure 1e,f). Therefore, HWEs with long durations were the

main type of HWEs from 1981 to 2018, and they dominated the increase in total HWES in the YRB region.
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Figure 1. (a) Anomalies of mean daily maximum tempeature at 2 m (°C) and anomalies in the number of (b) total
HWESs (events), (c¢) short-lived HWEs (events), (d) long-lived HWESs (events), (e) short-lived HWDs (days), and (f)
long-lived HWDs (days) during summer over the YRB region. The black dashed lines denote the linear trends, and

the green solid lines represent the nine-year running average.

| 3. Projection of HWEs
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Before using the RCM to make projections of HWESs in the YRB region, the simulation results were first analyzed in
reference periods to verify the model’s ability to simulate HWEs. Because Tmax is the most important indicator for
HWESs, the entry mainly focused on the prediction skill of Tmax. The model can simulate the spatial distribution of
the average daily Tmax in summer very well (Figure 2a,b), although there is a certain cold bias in the northern
YRB region. From the perspective of time evolution, the model can also simulate the interannual variation in the
regional average Tmax very well (Figure 2c). The R between the model and observations reached 0.45, exceeding
the 95% confidence level. In addition, the model also has a certain ability to simulate the number of HWDs in
different years. The R reached 0.39 and passed the 90% confidence level (Figure 2d). Therefore, the model has a
certain ability to simulate the HWEs in the YRB region, which indicates that it can be used to predict the future

variation in HWEs in this region.
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Figure 2. Spatial distributions of the average Tmax (°C) in summer from 1995 to 2014 for (a) model and (b)
observation, (c) time series of the spatially averaged daily Tmax (°C) in the YRB during summer, and (d) time

series of the total HWDs (days) in the YRB during summer.

In the future, the average Tmax in summer over the YRB will rise obviously (Figure 3a). The upward trend of
SSP585 will be greater than that of SSP245. Relative to the average of 1995-2014 reference period, the
temperature of SSP585 will rise by more than 1.8 °C in the middle of the century. The total number of HWEs will
also rise under the impact of increasing temperatures, especially in the SSP585 scenario, which will increase by
1.8 events per year by mid-century (Figure 3b). It should be mentioned that there is a great difference in the
changes of the short-lived HWEs under the two scenarios (Figure 3c). For SSP245, short-lived HWEs first

increase and then decrease, with a relatively flat trend. However, for SSP585, although there is also a slight
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downward trend after 2024, the overall upward trend of short-lived HWEs is particularly obvious, which will
increase by 1.5 events per year in the middle of the century. As for the long-lived HWEs, they will increase
obviously in both future scenarios (Figure 3d), which may cause large challenges for future disaster prevention

and mitigation work.
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Figure 3. The anomalies in (a) Tmax (°C), (b) total HWEs (events), (c) short-lived HWEs (events), and (d) long-
lived HWEs (events) relative to the 1995-2014 reference period averaged over the YRB region. The time series

were smoothed with a 9-year running mean filter.

| 4. Conclusions

In the context of global warming, HWESs are becoming increasingly frequent, and obvious differences exist between
different regions. The YRB region, an important economic center of China, is one of the regions where HWEs are
more frequent and severe. Coarse-resolution models (such as GCMs) cannot resolve the detailed characteristics of
HWEs. Based on this, a high-resolution RCM (WRF) and observation dataset (CN051) were used to analyze the
characteristics of HWEs in the historical period and project the changes in HWEs in the YRB in the future. The

main findings are as follows.

1. During the 1981-2018 historical period, the Tmax, long-lived HWEs, and total HWEs in the YRB area all
showed an obvious upward trend, and the turning point occurred in approximately 2000. Although the upward
trend of short-lived HWEs was relatively small overall, there was a significant increase in certain regions, such
as Henan, Sichuan, and the eastern coastal region. At the same time, the high incidence of long-lived HWEs
was mainly concentrated in Hubei, Hunan, and eastern Sichuan provinces.

2. Through the high-resolution simulation during the reference period, it was found that the WRF model can

simulate the daily Tmax very well, which provides reliability for the projections. The projection results show that
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Tmax, long-lived HWEs, and total HWEs will increase obviously in both scenarios, and the upward trend of
SSP585 is even greater. Short-lived HWESs will also increase under the SSP585 scenario, but they are relatively
stable overall under SSP245. For SSP245, in the northern region, the daily Tmax will rise faster, and short-lived
HWEs will increase, while the long-lived HWEs will rise significantly in the southern YRB. However, both short-

lived and long-lived HWES will increase in each subregion of the YRB under the SSP585 scenario.

. In both future scenarios, the geopotential heights at 500 hPa and 200 hPa over the YRB will increase, which

may imply that both the WPSH and SAH will be enhanced, and this is more pronounced in the SSP585
scenario. Changes in the WPSH and SAH have an important impact on the HWEs of the YRB. The long-lived
HWEs are caused by the joint effect of the WPSH and SAH, and this joint effect will also affect the short-lived
HWEs under the SSP585 scenario. As mentioned in the fourth part, the detailed physical mechanism of the

impact of geopotential height on HWEs still needs further study in the future.
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