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Key Questions

1. Do we need to further update our design assumptions?

2. What can be further improved in our drainage system?

3. What can be further improved in our coastal resilience?

4. How to address extreme case?

5. Do we have a holistic plan for climate risk and resilience?

6. How CIM (City Info Model) can further support weather forecast



Infrastructure design approach and assumptions

Past Events statistics 

(1 in X years)

Future Climate 

Scenario 

Extreme Hazard 

Scenario

There are different forms of density 
function change for different weather 
parameters after considering the effect of 
climate change.
- Increase in mean
- Increase in variance
- Increase in mean and variance



Tipping Points

Guardian graphics. Source: Armstrong McKay et al, 

Science, 2022. Note: Current global heating temperature 

rise 1.1C Paris agreement targets 1.5-2.0C



Infrastructure design approach and assumptions

Source: DSD Storm Drain Manual

• Three key notes:  

• Based on change in RX1day, but 
how about short duration high 
intensity rainfall?

• 28.1% in future 80 years vs 44% 
in past 30 years, is it adequate?

~44% increase 

in 30 years

2021 Zhengzhou extreme rainfall intensity

201.9 mm/hr

200-years rainfall intensity at the end of 

century based on historic rainfall in SDM

185.7 mm/hr

Table 1. Rainfall increase due to climate change in 

SSP2-4.5 scenario (Source: DSD SDM)

Table 2. Design allowance (Difference between 

SSP5-8.5 and SSP2-4.5) (Source: DSD SDM)

Source: IPCC AR6 Interactive Atlas

Design allowance for rainfall increase

12.1%

28.1%



Beyond Code Consideration?

Key Message

We live in an ever-increasing extreme 

rain world. 

Key Reflection

Scenario should cover more



Urban Drainage System





Urban Drainage System for existing urban areas – 

More Drainage Tunnels?



Any more we can do?

Embed with more functions for next upgrade:

• Higher design requirements (current 

standard is 50 years return period)

• More permeability under road, parks etc)

• Road as part of the flood flow control

• Decentralized underground storage (e.g. 

road, open space)



Sustainable Urban Drainage Implementation – System Level

~65km2



Sustainable Urban Drainage 
Implementation – 
Decentralized approach?

• Open space

• Underflyover

• STA 

• Large GIC site

• …



7 Sept 2023 1 Sept 2023





From Climate Modelling to Hazard Modelling 一条龙模型

Consideration of Worst Scenario

Study: Projection of Tropical Cyclones & 

Potential Impact on Coastal Government 

Critical Infrastructure under Super 

Typhoon Direct Hit Scenarios 

• Modelling to determine the change of TC parameters (i.e. Pc, Vmax, Rmw, Rainfall)

• Transplant and track shifting



Sensitivity Test – Emergency Preparedness for the Worst

Tested Scenarios / Assumptions  for Direct Heat Typhoon

Relatively high tide level (tide level + storm surge from super typhoon event + SLR)

Projected Changes of Tropical Cyclone Characteristics 

Tropical Cyclone-associated Rainfall,  

• New Town: MaOnShan/TungChung/TseungKwanONewTown:about+5.5mPD

• Third Runway of HKIA: about+6.5mPD

• HZMB island: +6 to +6.5mPD



From Climate Modelling to Hazard Modelling 一条龙模型

Sensitivity Test – Emergency Preparedness for the Worst



Sensitivity Test – Emergency Preparedness for the Worst

• Inconvenient Truth: It is NOT feasible to protect all critical facilities under Direct-Hit event

• Emergency Properness – Risk Management + Resilience + Public Communication + 

Education



Wave Barrier – now or long term?

Location
Wave Height (m) % 

ChangeExisting With BW

1 2.55 2.55 0%

2 2.05 0.90 -56%

3 0.52 0.51 -1%

4 0.28 0.14 -49%

5 0.06 0.05 -5%

6 7.39 7.39 0%

7 6.01 2.71 -55%

8 1.91 0.98 -48%

9 0.19 0.09 -52%



• Floatable and extendable 

storm surge barrier

• Pumping station

Storm Surge Barrier with Pump Station  – now or long term?



Don’t forget other climate hazards



Will it happen in HK?

Don’t forget other climate hazards

Expansion cracking of asphalt concrete pavement on a bridge

Climate change effect on transport

RuttingRubber Cracking



Don’t forget other climate hazards

Cooling track &  

pavement

High performance asphalt pavement
Smart highway to detect flooding 

situation on road sections

Surface could be 20°C hotter than the air temperature !



Flood Edition

Wind Edition

https://www.redi.arup.com/

Climate Resilience Framework & Rating System



https://www.redi.arup.com/

REDi Framework

• Building

• Organization

• Ambient / Site

• Loss Assessment

Climate Resilience Rating System



City Information Collection to Enhance Weather Forecast

• Combining with 

day-by-day 

Numerical Weather 

Model forecasts, 

sub-km daily 

temperature 

extremes at asset 

level can be made

• In a recent study by 

HKO using ML 

techniques, 10-km 

numerical weather 

model forecast can 

be statistically 

downscaled into 

50-m resolution 

across Hong Kong [4] Chang, J. M. H., Lam, Y. F., Lau, S. P. W., & Wong, W. K. (2021). Development of 

fine-scale spatiotemporal temperature forecast model with urban climatology and 

geomorphometry in Hong Kong. Urban Climate, 37, 100816.

Traditional Statistical model (black)

Deep learning ML model (blue)

Oh, J. W., Ngarambe, J., Duhirwe, P. N., Yun, G. Y., & 

Santamouris, M. (2020). Using deep-learning to forecast the 

magnitude and characteristics of urban heat island in Seoul 

Korea. Scientific reports, 10(1), 3559.



Key Questions

1. Do we need to further update our design assumptions?

2. What can be further improved in our drainage system?

3. What can be further improved in our coastal resilience?

4. How to address extreme case?

5. Do we have a holistic plan for climate risk and resilience?

6. How CIM (City Info Model) can further support weather forecast



Thank you

bruce.chong@arup.com
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