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Figure S1. Comparison of the simulated PBLH from the MYJ (blue) and BouLac (orange) planetary boundary layer schemes against the
harmonised PBLH dataset of Guo et al. (2022) over the D03 reference area between 6 and 31 July 2020.
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Figure S2. Comparison of simulated and observed ACUHII (HW - NHW) over the CUR, showing the averaged diurnal cycle over the

analysis periods.



23.30f = u
ol {LCZ 8
23.25} i
N o 1LCZ 6
Z 23.201 1 ¥
Py o - LCZ 4
T 23.15—5
_E : I/-~ LCZ 3
© 23.10f 1 -
- i LCZ 2
23.05( ¢
L LCZ 1

113.0  113.1  113.2 1133
Longitude (°E)

Figure S3. Spatial distribution within the CUR of the LCZ samples used in the analysis, after the connectivity-based screening described in

Sect. 2.4. Coloured grid cells denote LCZ 1, 2, 4, 6, and 8 retained for the analysis.
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Figure S4. Vertical distribution of Layer AT between each LCZ and the rural reference area for (top row) the NHW period and (bottom
row) the HW period: (a, f) LCZ 1; (b, g) LCZ 2; (¢, h) LCZ 4; (d, i) LCZ 6; (e, j) LCZ 8.
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Figure S5. Deviations of HW - NHW differences in surface energy-balance components from the CUR-mean values for individual LCZs:

(a) AQu; (b) AQE; (c) ABowen ratio; (d) A(Qg + Qr).
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Figure S6. Vertical profile of potential temperature lapse rate (06/0z) over the CUR during the periods NHW and HW 1.
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Figure S7. Vertical distributions of air temperature and the urban—rural air-temperature difference (AT") within 2500 m above ground over
the urban and rural areas during the NHW and HW?2 periods. The black solid lines in (a) and (d) indicate the urban PBLH; the black solid lines
in (b) and (e) indicate the rural PBLH; the black dashed lines in (c) and (f) indicate the common dynamic PBL top used for the integration of
BUHII during the NHW and HW?2 periods.

Table S1. Indicators of thermal response and surface energy-balance response of the individual LCZs during the HW2 period compared to
the NHW period. A denotes HW2 - NHW.

Indicator LCZ1 LCZ2 1LCZ4 LCZ6 LCZ8
ACUHII daily mean (°C) 0.88 0.67 0.73 0.45 0.49
ACUHII nocturnal mean (°C) 1.27 1.16 1.15 0.98 1.00
30-100m AAT daily mean (°C) 0.67 0.54 0.57 0.36 0.39
30-100m AAT daytime mean (°C) 0.53 0.30 0.40 0.10 0.13
30-100 m AAT nocturnal mean (°C) 0.81 0.77 0.75 0.63 0.65
AQy daytime mean (W m™2) 1274 109.3 98.8 95.3 106.9
AQg daytime mean (W m~?) —-25.7 —19.0 1.1 9.7 —7.7
ABowen daytime mean 6.1 22 0.8 0.5 1.2

A(Qc + Qr) nocturnal mean (Wm™2)  44.8 33.6 29.3 22.8 25.8
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Figure S8. Diurnal cycles over the CUR. (a) CUHII (solid) and BUHII (dashed) during the NHW (blue) and HW2 (red) periods. (b) Layer
AT at 2 m, 30-100 m, 100-250 m, 250-500 m, and 500-1000 m during the NHW period. (c) Same as (b) but for the HW2 period. (d)
AAT (HW2 - NHW) at the same five layers. Light-yellow shading indicates the daytime period (07:00-18:00 BJT); the hatched periods

06:00-08:00 BJT and 17:00-19:00 BJT indicate the morning and evening transitions, respectively.
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Figure S9. CUHII and BUHII diurnal cycles for the individual LCZs during the NHW and HW?2 periods. (a) CUHII during the NHW period;
(b) BUHII during the NHW period; (c) CUHII during the HW?2 period; (d) BUHII during the HW?2 period; (¢) ACUHII (HW2 - NHW); (f)
ABUHII (HW2 - NHW). Light-yellow shading indicates the daytime period (07:00-18:00 BJT); the hatched periods 06:00-08:00 BJT and

17:00-19:00 BJT indicate the morning and evening transitions, respectively.
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Figure S10. Vertical distribution of Layer AT between each LCZ and the rural reference area for (top row) the NHW period and (bottom
row) the HW?2 period: (a, f) LCZ 1; (b, g) LCZ 2; (c, h) LCZ 4; (d, i) LCZ 6; (e, j) LCZ 8.
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Figure S11. (a—e) Vertical distribution of Layer AAT (HW2 - NHW) for LCZ 1, 2, 4, 6, and 8, respectively. (f—j) Deviations of each LCZ’s
Layer AAT from the CUR-mean Layer AAT, in the same order as (a—e). Note that (a—e) and (f—j) use different colour scales.
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Figure S12. Diurnal cycles of AT at 500-600 m for individual LCZs during (a) the NHW period and (b) the HW?2 period.
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Figure S13. Diurnal cycles of the components of the surface energy-balance over the urban (red) and rural (blue) areas during the NHW

(dashed) and HW?2 (solid) periods: (a) net radiation Q*; (b) sensible heat flux Qu; (c) latent heat flux Qg; (d) ground heat flux Q¢; (e)

anthropogenic heat flux Qr (estimated as a residual); and (f) Bowen ratio, calculated only when Q* > 0.
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Figure S14. Vertical distributions of ATKE (HW2 - NHW; top row) and ARi (HW2 - NHW; bottom row): (a, d) over the urban area; (b,
e) over the rural reference area; and (c, f) the urban—rural difference (AATKE and AARi). The black solid and dashed lines in (a) and (d)
denote the urban PBLH during the HW2 and NHW periods, respectively; those in (b) and (e) denote the rural PBLH during the HW2 and
NHW periods, respectively; and the black dashed lines in (c) and (f) denote the common dynamic PBL top H(t) during the HW2 period.
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Figure S15. HW2 - NHW differences in surface energy-balance indicators for the individual LCZs: (a) daytime mean AQm; (b) daytime

mean AQg; (c) daytime mean ABowen ratio; and (d) mean nocturnal A(Q¢ + Qr). The numerical values are annotated on each bar.
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Figure S16. Deviations of the HW?2 - NHW differences in the surface energy-balance components of the mean values of the CUR for the
individual LCZs: (a) AQu; (b) AQE; (¢) ABowen ratio; (d) A(Qg + Qr).
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Figure S17. Vertical distributions of AATKE, defined here as the deviation of each LCZ’s HW2-NHW TKE response from the CUR-mean
response, for (a) LCZ 1, (b) LCZ 2, (¢c) LCZ 4, (d) LCZ 6, and (e) LCZ 8.
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Figure S18. Scatter plots of the daily mean AAT in the 30~100 m layer for individual LCZs against (a) the daytime mean AQ4w, and (b)
the daytime mean AATKE below 250 m.
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Figure S19. Vertical profile of the potential temperature lapse rate (06/0z) over the CUR during the periods NHW and HW?2.
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Figure S20. Comparison of WRF and Qingyuan IGRA radiosonde profiles for (columns) all matched soundings during 6-29 July 2020, the
NHW period, HW1, and HW2. The top row shows temperature and the bottom row wind speed. WRF profiles are shown as red solid lines
and observations as black dashed lines. Profiles were averaged on the common pressure levels 1000, 950, 900, 850, 800, 750, 700, 650, 600,
550, 500, 450, 400, 350, and 300 hPa.
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Table S2. Statistical evaluation of WRF temperature (T), wind speed (WS), and wind direction (WD) against Qingyuan IGRA soundings
at all matched levels with pressure > 50 hPa, shown for the full evaluation period and the NHW, HW1, and HW2 periods. WD errors use

circular statistics.

T (°C) WS (ms™1) WD (°)
Period bias MAE RMSE bias MAE RMSE circular MAE circular bias

All 0.07 106 146 087 255 3.39 29.8 —-2.0
NHW 0.12 1.17 158 134 273 342 31.9 1.3
HW1 0.14 1.03 134 094 233 288 37.8 7.0
HW2 0.04 084 121 041 172 226 33.8 —18.4

Table S3. Statistical evaluation of WRF temperature (T), wind speed (WS), and wind direction (WD) against Qingyuan IGRA soundings

across selected pressure layers for all matched soundings during 6-29 July 2020. WD errors use circular statistics.

T (°C) WS (ms™") WD (°)
Pressure layer bias MAE RMSE  bias MAE RMSE circular MAE circular bias

1000-850 hPa —0.24 1.03 137 —-0.15 1.85 256 28.4 1.5
850-700 hPa 054 106 138 260 285 341 33.0 —8.4
700-500 hPa 032 097 127 139 258 328 314 2.1
500-300 hPa 0.10 0.67 088 048 216 291 43.9 3.0
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