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CONCLUSIONS
• Effects of urban areas on local T and e are consistent with previous studies3 and the theoretical basis of energy partitioning in 
urban areas4.
• Urban expansion adds to the climate change signal for nighttime T and its effects are negligible for daytime T. New urban areas 
affect humidity both at day and night, but the effect is stronger during the day.
• W values will be smaller in new urban areas during the day, but larger during the night. The occurrence of risk conditions will 
substantially increase and high to very-high risk conditions could be twice frequent in 2040-2059. 
• Heat stress will be most enhanced at night by urban expansion, which has significant implications for urban population. 
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RELATIVE CONTRIBUTIONS TO HEAT STRESS CHANGES

• Urban development + climate changes induces lower e values than climate chane alone 
during the day. And both mean and extreme T are indistinguishable in both runs 
producing an environment with slightly lower W values.
• At night, urban development produces lower e values, but not enough to compensate 
for the higher T generated by urban surfaces. W is thus higher in new urban areas. 

Figure 9. All values of 
vapor pressure vs. tem-
perature at the time of 
daily max (a) and min (b) 
W for new urban areas. 
Mean values represented 
with circles for all simula-
tions (CTL, CC, CC_LU). 
Bars represent 5th and 
95th percentiles of e  and 
T. Grey lines represent W 
risk thresholds. Dashed 
lines show mean W values 
and dotted lines represent 
95th W values.
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ANNUAL CHANGES IN TEMP. AND VAPOR PRESSURE

• Urban development overall enhances  
temperature (T) changes and partly 
compensate vapor pressure (e) increases due 
to climate change.
• Daytime: almost no difference in T with 
surroundings (~0.25°C difference), but 
substantial impact in e (80-100Pa vs. 
170-190Pa) .
Nighttime: much larger increases in T (3.5-4°C 
vs. 1.5-2°C), not as large an effect on e 
(~20-30Pa difference).
• Strong dominance of T at night and slight 
dominance of e during the day on W changes.
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Figure 8. Changes due to climate change and urban expansion in 
daytime (a) and nighttime (b) temperature; and daytime (c) and 
nighttime (d) vapor pressure.

SEASONAL CHANGES IN HEAT STRESS (DAILY MAX & MIN)

• Seasonal  W range from 10 (JJA, night, mountains) to 32 (DJF, day, lowlands)
• Projected changes in new urban areas compared to rest of domain: much larger at 
night (over 3 vs 1.5 in rural areas) and smaller at daytime (especially in summer). 
Marked effect of urbanisation on nighttime W in all seasons.
• Combined T and e changes in new urban areas lead to enhanced W changes at night, 
and  slight offset of daytime W increases due to climate change alone.
• W will more likely exceed risk thresholds in the future. Urban development reduces 
the effect of climate change the occurrence of max W stressful conditions, but 
intensifies climate change effect on the frequency of adverse min W. 
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Figure 6. Seasonal changes of daily maximum (a-d) and minimum 
(e-h) heat stress (W) due to climate change and urban expansion.

Figure 5. Seasonal values of daily maximum (a-d) and minimum 
(e-h) heat stress (W) from the present climate run (CTL).
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Figure 7. Percentage of days (a) and nights (b) with heat stress above each of the risk thresholds considering present climate (CTL), 
future climate (CC) and future climate + urban expansion (CC_LU) for different areas (new urban, existing urban, surrounding rural)
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EXPERIMENTAL SETUP

•Regional Climate Model (WRF) coupled with urban canopy model at 2-km 
resolution over Sydney (nested in 10- and 50-km domains)
• 3 simulations of 20-y periods with CSIRO MK3.5 as boundary conditions:

Present climate (1990-2009), present OEH land use (CTL)
Future climate A2 (2040-2059), present OEH land use (CC)
Future climate A2 (2040-2059), future OEH land use, urban expansion (CC_LU)

HEAT STRESS INDEX: Simplified Wet-Bulb Globe Temperature2 

W = 0.567T + 0.393e + 3.94
• T = temperature (°C), e = vapor pressure (hPa)
• Daily maximum (day) and minimum (night) W analysed from hourly data. 
• Higher values = less comfort. Thresholds of risk exposure: 26 (moderate), 28 (high), 
32 (extreme) and 35 (very extreme - physiological limit). 

Figure 3. Domain design and region of study

Figure 4. OEH land use datasets and differences. New urban (red), ex-
isting urban (black) and surrounding rural (green)

INTRODUCTION

Urban climate is cleary different from surroundings.  Future climate in cities will be 
affected by climate change and urban development:

 Climate change: Warmer and  ↑ vapor pressure in the atmosphere.
 Urbanisation: Increased heat capacity, evaporation inhibition by impervious surfaces, 
anthropogenic heat sources, radiation trapping...: Warmer and ↓ vapor pressure.

Supporting effects in temperature, but opposing effects on vapor pressure. 
Population affected by both temperature and humidity changes1

How does urban expansion affect heat stress in the future?
What are the expected changes in temperature and humidity in the city?
How do they contribute to changes in urban heat stress?

Figure 1. Overall effects of climate change 
and urbanization on local climate.
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Figure 2. Main factors that alter 
climate in urban environments 


