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Model verification 

Here we evaluate the performance of UKESM1 in simulating the historical climatology of ARs 

over East Asia using two historical climate datasets. The simulated AR features by UKESM1 are 

evaluated by comparing with those identified in the Fifth Generation ECMWF Atmospheric 

Reanalysis (ERA5, Hersbach et al., 2020). ERA5 is based on the 4D-Var data assimilation 

technique and a spectral GCM at a spectral horizontal resolution of ~0.25° with 137 vertical levels. 

ERA5 has been used in studies on the historical long-term trends in ARs and the relationship 

between ARs and large-scale atmospheric circulation over East Asia (Pan and Lu 2020; Park et al., 

2021; Liang et al., 2022; Liang and Yong, 2022). As Liang and Yong (2022), the AR-associated 

precipitation is diagnosed using gridded daily precipitation data from the Asia Precipitation—

Highly Resolved Observational Data Integration Towards Evaluation of Water Resources 

(APHRODITE v1101, Yatagai et al. 2014). The horizontal resolution of the data is 0.25°. The data 

is produced by interpolating in-situ rain gauge data using an angular-distance-weighting method to 

consider the relationship between local topography and precipitation (Yatagai et al. 2014) and 

addressing the inhomogeneity and error in rain-gauge measurements using an automated quality 

control system (Hamada et al. 2011). 

 

Comparisons between the simulated AR characteristics in UKESM1 and those identified in 

ERA5 and APHRODITE shows that UKESM1 is capable of representing the historical pattern of 

ARs and the associated environmental fields of different levels in East Asia with respect to ERA5 

(Figure S1). Though some biases are noted, including: overestimated (underestimated) AR 

frequency (Figure S1c) and the mean and extreme precipitation (Figure S2) in the upstream 

(downstream) region; an overestimated strength of the southwesterly monsoonal flow and the 

westerly jet stream during the main AR season (May to September, MJJAS); underestimations of 

the fractional contributions of ARs to annual total precipitation and extreme precipitation (Figure 

S3). However, the simulated patterns from UKESM1 displayed some similarities to those in ERA5 



and APHRODITE, including the concentrated AR activity across 25°N (Figure S1a, b) that leads 

to relatively high AR-associated mean and extreme precipitation across Southern China, the Korean 

Peninsula and Japan (Figure S2). In addition, UKESM1 reasonably captures the negative 

correlations between AR frequency and the strength of westerly jet stream in terms of the East 

Asian Jet Stream Index (EAJSI) to the north of 35°N compared to the ERA5 reanalysis dataset 

(Figure S4a, b), though underestimation of such a correlation is observed to the east of 135°E 

(Figure S4c) and this bias is partly related to the underestimated AR frequency over the downstream 

region (Figure S1c). Overall, comparisons between the UKESM1 simulation and historical climate 

data indicate some reliability of the information on the impact of SAI on ARs provided by the 

model. 

 
Fig. S1. Analyses of the detected AR features and AR-associated environmental fields for the period 1981-
2010 from ERA5 (a, d, g), the ensemble mean of UKESM1 (b, e, h) and the biases for the UKESM1 
ensemble mean relative to ERA5 (c, f, i): (a-c) AR frequency; (d-f) MJJAS-mean 850-hPa winds (shaded: 
wind speed; vectors: direction) and geopotential height (black contours); (g-i) MJJAS-mean 200-hPa winds 



(shaded and vectors) and geopotential thickness between 200-500 hPa (black contours). Gray regions in d-f 
depict the Tibetan Plateau where the surface pressure is likely below 850-hPa. 

 

 
Fig. S2. Distributions of AR-associated precipitation (a-c) and heavy rain events (d-f) for the period 1981-
2010: (a, d) ERA5; (b, e) the ensemble mean of UKESM1; the biases for the UKESM1 ensemble mean 
relative to ERA5. 

 

 
Fig. S3. As Figure S2, but for the fractional contributions of ARs relative to the annual total precipitation 

and heavy rain events. 



 

 
Fig. S4. Distributions of correlation coefficients between the annual AR frequency and MJJAS-
mean EAJSI for the present-day simulations during the period 1981-2010 in ERA5 (a) and 
UKESM1 (b). Absolute differences between UKESM1 and ERA5 are shown in (c). Stippling in (a, 
b) indicates correlations that are statistically significant at a confidence level of > 95% (p-value < 
0.05). EAJSI is calculated monthly as the difference between the monthly mean 200-hPa zonal wind 
speed averaged over the region 30–40° N, 120–150° E and that over 40–50° N, 120–150° E 
following Lu et al. (2011). 

 

 
Fig. S5. Absolute changes in MJJAS-mean surface temperature for the future period of 2071-2100 
relative to the historical baseline during 1981-2010.  

 



 
Fig. S6. Absolute changes in the root-mean-square of 2-6-day bandpass-filtered MSLP (unit: hPa) 
distribution during MJJAS for the future period of 2071-2100 relative to the historical baseline 
during 1981-2010. Black contours show the distribution during the historical baseline period. 
Stippling indicates changes that are statistically significant at a confidence level of > 95% (p-value 
< 0.05 based on the Student’s t-test). 
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