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In the supplementary information, we provide the 
detailed description on datasets and methods, 
and illustrate the distribution of heatwave and the 

WPSH, as well as model performance of heatwave 
and July–August temperature.

SELECTION OF RURAL STATIONS. To 
quantify the impact of urban heat island on the 
extreme heat, rural stations are identified through 
a procedure that accounts for station history, popu-
lation around the station, the size of the built-up 
area and other factors (Ren et al. 2015). We further 
require satellite-derived stable nighttime lights over 
the stations to be less than 15 (a digital value of light 
intensity for rural regions). As a result, five stations 
are identified in rural region during the study period 
(in stars of Fig. 1a).

SCALED GENERALIZED EXTREME VALUE 
(GEV) STATISTICAL MODEL. To illustrate the 
possible influence of the western Pacific subtropical 
high (WPSH) on changes in temperature extremes, 
we scale the distribution with west-extending ridge 
point position (WRPP index) of the WPSH, a measure 
of the WPSH. Specifically, the scaled GEV function 
(F) is represented by
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where μ is the location parameter, σ is the scale pa-
rameter, and ξ denotes the shape parameter of the 
GEV curve. The ratio of σ/μ reduces to the constant 
σ0/μ0. The scaled GEV fit is solved using a maximum 
likelihood method where σ, ξ, σ0, and μ0 vary. The 95% 
confidence intervals are estimated by the 1,000-mem-
ber nonparametric bootstrap.

CALCULATION FOR THE WPSH.  The 
WPSH is conventionally measured by the 500-hPa 
geopotential height in the researches (Tao and Xu 
1962; Ding 1994; Zhou et al. 2009; Liu et al. 2012) 
and meteorological monitoring service from the 
China Meteorological Administration (http://cmdp 
.ncc-cma.net/). In this study, the July–August 
500-hPa geopotential height at 2.5° × 2.5° grids dur-
ing the period of 1873–2014 from the NOAA-CIRES 
Twentieth Century Reanalysis (Compo et al. 2011) 
is adopted for calculating the west-extending ridge 
point position (WRPP) index and grid area (GA) 
index of the WPSH (Tao and Xu 1962; Ding 1994; 
Liu et al. 2012). The National Centers for Environ-
mental Prediction Reanalysis (NCEP-R1) (Kalnay 
et al. 1996; Zhou et al. 2018a) is used for extending 
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(Zhou and Li 2002; Dong et al. 2017). Dong et al. 
(2017) further reported a close relationship between 
the climatological WPSH location bias and the 
western movement bias in El Niño decaying sum-
mers. Therefore, we correct the 500-hPa geopotential 
height in CMIP5 models by adding an area-weighted 
mean climatological 500-hPa geopotential height 
bias (during the reference period of 1971–2010 over 
100°–180°E, 10°–40°N) compared to the reanalyses 
before calculating the WPSH indices.

MODEL INFORMATION. Model data are ex-
tracted from the CMIP5 archive (Taylor et al. 2012). 
We evaluate their performance in capturing the 
observed distribution of July–August temperature 
anomalies via a Kolmogorov–Smirnoff test (Fig. ES2). 
We further evaluate and select the all-forcings (ALL) 
simulations with a significantly negative relationship 
(significance level p < 0.1) between July–August tem-
perature anomalies and the WRPP index. As a result, 
19 simulations in seven models with Tmax ending in 
2012 and having corresponding natural-forcings-only 
simulations (NAT) are selected (Table ES1). There 
models are used to represent temperature response 
to the ALL and NAT forcings over the Yangtze River 
Delta (117°–123°E, 29°–35°N). The corresponding 
simulations under representative concentration 
pathway 4.5 (RCP4.5) scenario are adopted to extend 
the time series of the ALL simulations through 2017, 
similar to Sun et al. (2014).

Table ES1. List of the CMIP5 models 
used in this study. (Expansions of ac-
ronyms are available online at www.
ametsoc.org/PubsAcronymList.)

Model ALL/RCP45, NAT

ACCESS1.3 r2i1p1, r3i1p1

BCC-CSM1.1 r1i1p1

CNRM-CM5 r1i1p1, r2i1p1, r3i1p1, 
r4i1p1, r5i1p1, r8i1p1

CanESM2 r1i1p1, r2i1p1, r3i1p1, 
r4i1p1, r5i1p1

HadGEM2-ES r2i1p1, r3i1p1, r4i1p1

MRI-CGCM3 r1i1p1

NorESM1-M r1i1p1

Total 19

Fig. ES1. (a) Heatwave centered month distribution. 
Approximately 80% of heatwaves occurred in July and 
August. (b) Regional mean stable lights (expressed as 
digital value with a maximum of 63) from 1992 to 2013 
over the Yangtze River Delta indicate the rapid urban-
ization. Datasets used here are from the Operational 
Linescan System (OLS) flown by the U.S. Air Force 
Defense Meteorological Satellite Program (DMSP). (c) 
The relationship of west-extending ridge point position 
against cosine-weighted grids of the western Pacific 
subtropical high (WPSH).

to 2017 through matching July–August mean values 
during reference period of 1971–2010. (The WRPP 
index refers to the westernmost longitude along 
the 588-dagpm contour over 90°–180°E, which can 
portray the movement of the WPSH in the west–east 
direction. The GA index refers to the latitude-cosine 
weighted grids inside the 588-dagpm contour over 
110°–180°E, which denotes the domain of the WPSH.)

Most CMIP5 models roughly capture the spatial 
pattern and the westward and eastward shift of the 
WPSH compared with the climatological location 
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Fig. S2. Time series of (a) Jul–Aug temperature anomalies and (b) the Heatwave Magnitude Index (HWMI) 
over the Yangtze River Delta during the period of 1961–2017 from observations and the CMIP5 simulations. 
The red curve denotes the observed temperature and the gray curves denote the ALL-forcing runs with their 
average (in black curve).
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