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The Climate Challenge
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World Economic Forum - Global Risks

http://www3.weforum.org/docs/WEF_Global_Risk_Report_2020.pdf
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Global Risk InterconnectionTop Risks 2020

http://www3.weforum.org/docs/WEF_Global_Risk_Report_2020.pdf


World Economic Forum - Evolving Top Risks

http://www3.weforum.org/docs/WEF_Global_Risk_Report_2020.pdf
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http://www3.weforum.org/docs/WEF_Global_Risk_Report_2020.pdf


UK National Risk Register (2017)

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/644968/UK_National_Risk_Register_2017.pdf
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https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/644968/UK_National_Risk_Register_2017.pdf


The Climate Challenge For Singapore

Source: Ed Hawkins
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“Warming Stripes” for Singapore

Climate Change Is Already A Challenge For Singapore…

Source: PUB



Observed SLR in Singapore and Global
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Global mean sea level change, 1900 and 1993

Source: Annual Climate 
Assessment Report (ACAR) 2019



Brief History of Supercomputing in Weather/Climate Science
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Climate models are systems of differential equations based 

on the basic laws of physics, fluid motion, and chemistry. To 

“run” a model, scientists divide the planet into a 3-

dimensional grid, apply the basic equations, and evaluate the 

results. Atmospheric models calculate winds, heat transfer, 

radiation, relative humidity, and surface hydrology within 

each grid and evaluate interactions with neighboring points. 

(https://en.wikipedia.org/wiki/Climate_model)

Weather models use systems of differential equations

based on the laws of physics, which are in detail fluid 

motion, thermodynamics, radiative transfer, and chemistry, 

and use a coordinate system which divides the planet into 

a 3D grid. Winds, heat transfer, solar radiation, relative 

humidity, phase changes of water and surface hydrology

are calculated within each grid cell, and the interactions 

with neighboring cells are used to calculate atmospheric 

properties in the future 

(https://en.wikipedia.org/wiki/Numerical_weather_predictio

n)

Climate And Numerical Weather Prediction (NWP) Models
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https://en.wikipedia.org/wiki/Differential_equation
https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Fluid_dynamics
https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Winds
https://en.wikipedia.org/wiki/Heat_transfer
https://en.wikipedia.org/wiki/Radiation
https://en.wikipedia.org/wiki/Relative_humidity
https://en.wikipedia.org/wiki/Hydrology
https://en.wikipedia.org/wiki/Climate_model
https://en.wikipedia.org/wiki/Differential_equations
https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Fluid_dynamics
https://en.wikipedia.org/wiki/Thermodynamics
https://en.wikipedia.org/wiki/Radiative_transfer
https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Winds
https://en.wikipedia.org/wiki/Heat_transfer
https://en.wikipedia.org/wiki/Solar_radiation
https://en.wikipedia.org/wiki/Relative_humidity
https://en.wikipedia.org/wiki/Phase_transition
https://en.wikipedia.org/wiki/Hydrology
https://en.wikipedia.org/wiki/Numerical_weather_prediction
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1920’s Vision Of Numerical Weather Prediction (NWP)

Weather Prediction By Numerical Processes : L. F. Richardson, 1922

L. F. Richardson 1881 - 1953

Royal Albert Hall, London
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7 June 1944 - The Most Important Forecast in History?

Allied Chart German Chart

‘Enigma’ Machine ‘Colossus’ Computer D-Day Landings



~70 Years of Met Office Computers
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● Moore’s Law: 18 month doubling time; Order of magnitude increase in power every decade
● 2015 Business Case Built on Projected 22:1 return on investment due to improved weather/climate services.
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Global NWP Skill Improvements
Global NWP Extratropical Predictability 

DJF 1994-95 to 2019-20
90-day Rolling-Mean RMS Error 

500hPa Geopotential Height
S.Hemisphere (30S-90S)

Forecasts vs. Analyses

‘1 Day Decade Improvement In Global NWP Skill’



● Mountains represent expertise. Bridges represent communication. Value is lost in each valley.
● WMO HIWeather aims to address weak points in the chain so as to optimise the value of the

warning to the decision maker

Weather/Climate Impacts: The Five Valleys Of Death

https://public.wmo.int/en/resources/bulletin/hiweather-10-year-research-project

Prof. Brian Golding, Co-Chair WMO HIW Project
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https://public.wmo.int/en/resources/bulletin/hiweather-10-year-research-project
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Example Benefits Of Investment in HPC For 
Weather/Climate

• In 2014, UKG approved £97M for new HPC at Met Office HQ, Exeter.

• Business case: Set out socio-ecocomic benefits (SEBs) for different HPC 
investment options.

• Approach (Cambridge Uni):  PAGE09 (Hope 2011).

• Option chosen has a 5-year benefit-cost ratio of 22:1.

• Conservative estimate: limited number of 6 weather/climate case studies:

https://www.bbc.com/news/science-environment-51504002https://londoneconomics.co.uk/blog/publication/met-office-general-review-march-2016/

https://www.bbc.com/news/science-environment-51504002
https://londoneconomics.co.uk/blog/publication/met-office-general-review-march-2016/


Climate System Complexity
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Physical Drivers Of Climate Change

The Complexity Of The Climate System

IPCC AR5, WG1 Report, 2013 18

https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_all_final.pdf

Increasing Complexity of Climate Models

https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_all_final.pdf


Multi-Dimensional Climate/Weather Model Complexity
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The Value Of High-Resolution
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4 km

12 km

1 km

12 km

1 km

Storm Desmond (4 – 6 Dec 2015)

RainfallTopography 1.5km Forecast (09Z 4/12)

UK model rainfall accumulations up to 250mm; global all < 100mm.



The Value Of Probabilistic Forecasting
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Storm Desmond (4 – 6 Dec 2015)

12 member 2.2km ‘Ensemble’
Probability 24hr rain > 100mm. 

(2100 4 Dec - 2100 5th Dec)



Uncertainty In Climate Projections
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The uncertainty of future climate change as 
simulated by CMIP5/6 models is mainly 
driven by three sources: 

(1)scenario uncertainty; 

(1)model uncertainty;

(1)internal variability



CCRS And Supercomputing
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• 2013: CCRS established under MSS

• Mission: To advance scientific understanding of 
tropical climate variability and change and its 
associated weather systems affecting Singapore and 
the wider Southeast Asia region, so that the 
knowledge and expertise can benefit decision makers 
and the community. 

• Vision: To be a world leading centre in tropical climate 
and weather research focusing on the Southeast Asia 
region.
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CCRS Mission and Vision



CCRS Structure

Dept of Climate Research,

Aurel Moise, Deputy Director

Seasonal and 
Subseasonal 
Prediction 

Branch

Centre for Climate Research Singapore (CCRS)

Dale Barker, Director
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Climate 
Modelling and 

Prediction 
Branch

Climate 
Impacts 
Branch

High 
Performance 
Computing 

Section

Weather 
Modelling 

Applications 
Branch

Weather 
Modelling 

Development 
Branch

Research To 
Operations 

Branch

Dept of Weather Research,

Hans Huang, Deputy Director

Climate Science 
Research Programme 

Office (CSRPO)

International Scientific 
Advisory Panel



CCRS Strategy

Mission: To advance scientific 
understanding of tropical 

climate …so that the knowledge 
and expertise can benefit 
decision makers and the 

community. 

Science To 
Services

Underpinning 
Capabilities

Focussed 
Research

Public

Government Agencies 
(e.g. Water, Defence)

Civil Aviation

Businesses  (e.g. shipping, 
insurance, construction)

Regional Entities 26



Science To

Services

CCRS Strategy

Operational ‘SINGV’ Weather Forecasting

Haze / Air Quality Prediction

Climate Change Policy Advice

Climate Impacts Modelling 27



Underpinning

Capabilities

CCRS Strategy

Weather/Climate Modelling System

Observations

Supercomputing

Expertise (in-house and partnerships)
28



Seamless Weather-Climate Prediction
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The Unified Model Partnership

• MSS is an associate member of the ‘Unified Model’ Partnership:

• Members typically span entire R&D – Operations – End User: Ensures upstream 
climate/weather science remains focussed on service delivery

https://www.metoffice.gov.uk/research/approach/collaboration/unified-model/partnership


• In-house HPC (Athena) for R&D and operational ‘SINGV’ weather forecasting system.

• CCRS building constraints: electric power + floor loading – cannot house next HPC.

• NSCC ‘Koppen’ allocation for CCRS climate studies (e.g. V3 climate projections):

CCRS Supercomputing
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Oct 2019 – Jan 2021 Feb 2021 (±Covid19 suspension)

Computing power Koppen: 160TFlops 20X Koppen: ~3.2PFlops

Storage 1PBytes 3PBytes

2019 - 2021 2022+ 

Computing power 212TFlops 1.0PFLops

Storage 1PBytes 4.8PBytes



• Conduct national assessment of the effect of climate 
change on Singapore and the surrounding region (2022).

• Based on the latest climate projections made available 
as part of the Coupled Model Intercomparison Project 
Phase 6 (CMIP6) coordinated by the World Climate 
Research Programme (WCRP) .

• Informed by stakeholder needs and feedback received 
after the Second National Assessment  (V2) published in 
2015.

• Use new science developed within SINGV – benefit of 
our seamless weather-climate modelling strategy. 32

Third National Climate Change Study – V3



Future Challenges
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Big Weather-Climate Data

GCMs produce vast quantities of data, for 
example at the Met Office:

● Global models: 690 Gbytes per day
● Local models: 3200 Gbytes per day

TOTAL: 3.9 Tbytes per day 

Forecasts updated every hour or more

Huge computing investments in ensembles -
probabilistic interpretation

How will users cope? Role for data science/AI

Need to decouple data, extract/condense info, 
make accessible e.g. cloud: ‘bring application 
to data’ (not vice versa).
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Weather/Climate Supercomputers: The Next Generation

Takemasa Miyoshi, Riken Institute, Japan



UM (1990-2025) -> Next Generation Modelling System (NGMS) 
(NGMS)
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Weather/Climate Supercomputers: How Green Can They Be?

Green Top500 Supercomputer List (June 2020)

DMI’s Research Supercomputer (Iceland)

• Climate science needs to be sustainable (practice 
what we preach).

• HPC carbon footprint can be large (MO Power 8MW -
> 20000t CO2/year). 

• Need new technologies (greater power efficiency -
Flops/Watt part of tendering process?)

• Renewable energy solution for some countries.

• Role for ‘the cloud’ here: globally distributed HPC for 
research, provides resilience as well reducing CO2.
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