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Estimating the costs of climate change

• Basic idea is from epidemiology
– You cannot answer the question: is this lung 

cancer caused by smoking?

– You can answer the question: how much did 
smoking change the odds of this person getting 
lung cancer?

• The same idea is applied in a climate science 
context:
– How much have the odds of an event like this 

changed because of climate change?



Can use this to assess attributable risks

FAR  X $$total =   $$attributable

This works where the climate is directly doing the work to 
produce the costs or benefits.



Climate models

• Atmospheric/oceanic GCMs solve the following equations:

• Transport of heat or temperature & water vapour/(salinity) 
horizontally & vertically by winds (currents) – commonly 
called advection & diffusion

• Conservation of energy (Thermodynamic equation)
• Conservation of momentum (Newton’s laws)
• Conservation of mass (Continuity equation)
• Equation of state (ideal gas law/ocean eqn of state)

• These equations must be solved numerically, i.e. using 
algorithms on a computer



Climate models



Model hierarchies

• Models span a range of complexities, just as 
instruments do. 

• Just as we do not always use the most complex lab 
apparatus, we do not always use the most complex 
models.

• Different models and experimental designs are 
appropriate for different questions.
– In this study we used the latest models for the drought 

study, because it turned strongly on synoptic scales
– And we used a large ensemble of slightly older (but still 

pretty good) models for the extreme rainfall events, 
because this is the best way to get reliable statistics 



Climate change attribution

• Distributions with and without human influence
• Have they changed?
• How have they changed?
• What can we attribute to human influence? 

• If using models: Validation is crucial – model needs to 
be able to reproduce event/conditions in question. 

• And if addressing extremes: Not easy to validate 
extremes – still an open question.







From: IPCC 2012 – special report ‘Managing the Risks of Extreme Events 

and Disasters to Advance Climate Change Adaptation’.
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Emerging climate change: 
Signal/Noise

m s m’

Emergence expresses 
the signal to noise ratio; 
i.e. how many s are 
traversed as m→m’

S/N= (m’- m)/s
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Emerging climate change: 
Signal/Noise



The Emergence Pattern

RCP4.5, 
median model



The most immediate risks

• Drought - most costly to the economy overall (?)

• Extreme rainfall  flooding, landslip

• Extreme wind/storm surge

• Any others?

Plenty of other things in store too e.g. changes to growing 
seasons/capacities, sea level rise …. but we have a lot longer to 
plan for those



Probabilistic event attribution



Case study: July 2014, Northland, 
New Zealand

Extreme 5-day rainfall (8-12 July) caused 
severe flooding 

– estimated NZ$18.8m in insurance claims.



NZ VCSN observations (NIWA)
Max 5-day rainfall total in July, 1972-2014

221mm

Thanks to: Andrew Tait, Abha Sood



w@h ANZ 2014 experiment

The 2014 that was

Model forced with SSTs (sea 
surface temperatures), GHGs 
(greenhouse gases), aerosols, 
ozone etc. as observed for 
2014

‘ALL’ 

The 2014 that might have 
been

Model forcings have 
anthropogenic contribution 
removed

10 x model patterns of SST 
difference (+multi-model 
mean)

‘NAT’



w@h ANZ 2014 model results
July max 5d rainfall totals in Northland

150mm

1 in 350y1 in 200y



Computed the FAR (Fraction of 
Attributable Risk) for this event

• At ‘best guess’ event threshold, FAR was 0.47 –
i.e. 47% of the risk of such an event attributable 
to anthropogenic climate change.

• Estimated the uncertainty in this by computing FAR 
over all thresholds corresponding to the 
uncertainty range in the event as given by the 
GEV distribution – these ranged from about 0.1
to 0.8, with peak (mode) at about 0.27.



Northland results

• Results show a statistically significant 

anthropogenic influence on the event over much, 

but not all, of the range of uncertainty in the 
event’s return period as estimated by the GEV 
fit.

• The risk of such an event has likely increased due 

to anthropogenic climate change.



Case study: 2012/13 drought



Events we looked at
Year Date Event FAR Cost ($M) Attributable  Cost 

($M)

2007 10 -12-Jul North North Island 0.30 68.65 20.595

2017 3-7 April North Island 0.35 66.4 23.24

2013 19-22 April Nelson, BoP 0.30 46.2 13.86

2017 7-12 March Upper North 

Island

0.40 41.7 16.68

2015 18-21 June Lower North 

Island

0.10 41.5 4.15

2016 23-24 March West Coast-Nelson 0.40 30.2 12.08

2015 2-4 June Otago 0.05 21.5 1.075

2015 13-15 May Lower North 

Island 

0.30 21.9 6.57

2011 29-Jan Northland to BoP 0.30 19.8 5.94

2014 8-10 July Northland 0.30 18.8 5.64

2017 13-16 April Mostly North 

Island 

0.35 18. 6.3

2007 29-Mar Far North 0.30 12. 3.6

2007/08 Summer Drought 0.15 2,800. 420.

2012/13 Summer Drought 0.20 1,500. 300.

Total $839.73



Which things can we model well now, 
and which are some way off (and how 

far off)?
• Temperature – pretty good now
• Precip - not so good now (much harder, as precip is 

much more variable, making trend detection much 
harder), but improving. Multi-study approach helpful. 

• Drought – hard at the moment, but progress is being 
made.

• Storms – should be possible – a little way off.
• Fire/hail/frost – may depend on land sfc processes and 

better resolution – some way off (?)
• Cyclones – making progress – a few years off (?)
• Tornadoes – really quite some way off (?)



Climate impacts via 
temperature, drought



Climate impacts via 
rainfall intensity changes





Cumulative emissions



Emergence by month



IPCC WGI Chapter 9 2013



Feedbacks in the climate

Universite catholique de Louvain 



Lapse rate feedback

Universite catholique de Louvain 



Clouds and the climate

Universite catholique de Louvain 



Albedo feedback

Latitude
Soden and Held, 2006


