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Introduction 

Aim 

 To provide an educational overview of the state-of-the-art in weather and climate 
science and its connection to the energy sector 

 Part tutorial; part expert review of state-of-the-art 

 

Focus - Impacts of weather/climate onto the energy sector 

 

Rationale 

 Energy system change (infrastructure, supply, demand) 

● ~$50tn investment to 2035 (IEA 2012) 

● “Energy sector transformed by climate policy” (IPCC AR5) 

 

 Climate change (physical environment) 

● “Unequivocal” evidence for warming; “very likely” due to human influence (IPCC) 

● Range of energy sector impacts (IEA 2013); many poorly understood (IPCC AR5) 

 

 

 



Talks 

Morning session: “Weather – hours to months” 

Short range weather forecasting (hours to days) Sue-Ellen Haupt 

Longer range weather forecasting (several days to months) David Richardson 

 

Afternoon: “Climate – months to decades” 

Understanding seasonal-to-decadal climate predictability Emma Suckling 

Global Climate Services Carlo Buonotempo 

 

Discussion: 

Towards better use of meteorological tools/information in the energy sector 

 

First: brief introduction/reminder to some of the basic themes in weather/climate science 

 



4 

The General Circulation 

Two important factors that drive the atmosphere: 

1. Heating 

2. Rotation 



Plot data obtained from the NASA Langley Research Center Atmospheric Science Data Center, plot courtesy A. Charlton-Perez 

Two important factors that drive the atmosphere: 

1. Differential Heating 

The General Circulation 

Earth 

Columns of  

solar radiation 

Column spread over 

large area of Earth’s 

surface  weak 

heating 

Column concentrated 

over small area of 

Earth’s surface  

strong heating 

Top of atmosphere radiation 

Energy  is 

transported towards 

poles 



6 

The General Circulation 

Two important factors that drive the atmosphere: 

1. Differential Heating 

2. Rotation 

Rotation rate of planet, Ωearth 
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Deflects fluid motions 



The general circulation 

Fig: Encyclopedia Brittanica 



The general circulation 

Geopotential height 1000 hPa 

(similar to surface pressure anomalies) 
Potential temperature on PV2 surface 

(powerful diagnostic to summarise  

atmospheric circulation) 



Climate system components 

Climate is more than just the atmosphere 

Components evolve on very different timescales 

A very schematic diagram – many interactions: 
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Prediction methods 

At least three broad types of prediction: 

1. Pure statistical/time-series methods  

2. “Initial condition” numerical weather prediction (NWP) 

3. “Boundary condition” climate projection 
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Prediction methods 

At least three broad types of prediction: 

1. Pure statistical/time-series methods  

2. “Initial condition” numerical weather prediction (NWP) 

3. “Boundary condition” climate projection 

Train a statistical model on historic time-series of data 
 
Attempt to predict the subsequent point(s) in the time-series 
 
Generally a very powerful method if: 
 
•Enough good quality (homogenous) training data is available 
 

•Prediction “range” is short relative to the time-scales in the data 
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Prediction methods 

At least three broad types of prediction: 

1. Pure statistical/time-series methods  

2. “Initial condition” numerical weather prediction (NWP) 

3. “Boundary condition” climate projection 



Initial condition NWP 

Start from an initial, “known”, observed state 

Focus on the “fast” components of the climate system (primarily the 
troposphere) and treat “slow” components (e.g., ocean temperatures) as fixed 
inputs 

Physical fluid-dynamic equations (Navier-Stokes + some approximations) 

Construct “discretised” model of atmosphere 

Physical “parameterisations” for unresolved processes within grid-boxes 

Integrate the equations forward in time 
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Navier-Stokes equations (this particular form from wikipedia) 



Initial condition NWP 

A single “good” weather-forecasting model can forecast evolution well to a few 
days ahead, depending on conditions 

Problem: Chaotic system – small errors in ICs grow rapidly with time 

 Initial state 

Future state 

RHS figure courtesy 

Dirk Cannon (Reading) 



Initial condition NWP 

Solution: IC ensemble forecasts: add small perturbations to initial conditions 

 Resulting probabilistic forecast can have skill up to 1-2 weeks 

● (skill depends heavily on the property being assessed) 

 

+ d(small perturbations) 

Initial state 

Set of possible 

future states 

RHS figure courtesy 

Dirk Cannon (Reading) 



Initial condition NWP 

Solution: IC ensemble forecasts: add small perturbations to initial conditions 

 Resulting probabilistic forecast can have skill up to 1-2 weeks 

● (skill depends heavily on the property being assessed) 

 

RHS figure courtesy 

Dirk Cannon (Reading) 

+ d(small perturbations) 

Initial state 

Set of possible 

future states 



17 

Boundary condition “prediction” 

Consider now the C21 climate change type problem 

 Modifying the boundary conditions (e.g., adding CO2) 

 Wish to know the statistical properties of the resulting system 

Need to construct a slightly different model: 

 Similar dynamical/physical equations  

 Much longer integrations 

 “Slower” components of climate system involved 

 Ensembles essential for many applications 

Figure courtesy 

Hannah Bloomfield (Reading) 



Boundary condition problem: 

How many balls fall out of each bucket 

if the game is repeated many times? 

•  Boundary condition modifications 

can be thought of as “tipping” the 

board left or right 

 

IC vs BC prediction: analogy 

Initial condition problem: 

Which side of the wall will the ball fall? 

Information from: 

•  exact start position of ball 

•  initial spin of ball 

•  … 
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The weather/climate landscape 
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Some major challenges 

Scientific advances 

 All time-ranges but especially “Nowcasting” (sub-daily) and seasonal to decadal 

 

The challenge of resolution 

 Need for spatial/temporal detail 

 Costly 

 Does it add anything?  Resolving physical processes vs spatial detail: dangers 

 

The challenge of conversion 

 Changing “weather” information into “energy” information 

 The need for data (both weather and energy) 

 

Decision making: 

 How should weather and climate information be used? 

 Supporting different stakeholders (operations, trading, planning, policy, …) 

 

 



Now and next… 

Short range weather forecasting (hours to days) Sue-Ellen Haupt 

Longer range weather forecasting (several days to months) David Richardson 

Return to “climate” in this afternoon’s session 

Nowcasting or 
statistical 

methods (e.g., 
ANN, ARN) 

Hours 1 day  1 week 1 year 1 decade 

Classic NWP Medium range 
and 

subseasonal 
NWP 

(ensembles 
essential)  

 
 

Seasonal 
forecasting 

 
(some slower 
components, 
initialisation) 

 

1 month 

Decadal 
forecasts 

 
(initialisation of 

slower 
components 

crucial) 
 

Climate 
change 

 
(scenario 

dependence) 
 

Time horizon 


