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Differences between All-Hist and Nat-Hist are not visually 
obvious, although the maximum values, e.g. in figures 4 & 5, 
would seem to be highest in the All-Hist scenario. Preliminary 
results suggest that signals from parameter perturbations in 
both mean and extreme precipitation may be masked by spatial 
averaging. We plan to examine more localised regions using 
the existing data set in due course, but this also motivates the 
possible use of higher resolution models, e.g. using variable 
resolution CAM that provides more economic grid refinement.

VR-CAM western U.S. Figure  courtesy of Alan Rhoades, LBNL

Immediate next steps 
are to evaluate the 
risk ratio specifically, 
and establish the 
effectiveness of 
emulator methods in 
a range of event 
attribution studies [3].

Discussion and future work

Extreme value theory [5] may be used to describe the 
statistics of rare events. A "block-maxima" or "peaks-
over-threshold" (POT) approach may be employed to fit 
a parametric extreme value distribution (EVD) to the 
"heavy" distribution tail. An EVD is typically 
parameterised by the location (μ), scale (σ) and shape 
(ξ) parameters, which in the context of perturbed 
physics experiments, themselves become 
parameterised by numerical model parameters (see e.g.  
Table 1). This gives rise to a "non-stationary" extreme 
value distribution that can be used for inference.

Figure 6a,b:  Examples of the location and scale parameter 
response surfaces fitted to climate model output perturbed by 
two physics parameters and emulated using GP regression.

An effective approach to conducting sensitivity analysis 
when using a computationally expensive numerical 
model is to train some kind of surrogate model, or 
emulator, to simulation output from a designed 
experiment. Given our design, described to the left, we 
plan to make use of emulators based on statistical 
regression models. These can potentially be applied to 
representations of climate extremes and the "Risk 
Ratio" for example (see above), possibly through the 
use of extreme value theory.

Non-stationary extreme value model

Sensitivity analysis through 
statistical emulation

Figure 2: Response over global land 
surface to "tau", "c0_lnd" and "rhminl".

Results for daily precipitation:
Response of summary statistics

Figure 3:  Response over global ocean 
surface to "tau", "c0_lnd" and "rhminl".

Figure 4: Response to "tau" over United States.

Figure 5: Response to "tau" over South America.

The figures above show the response of summary statistics for daily 
precipitation, comparing the "All-Hist" and "Nat-Hist" output. Global output is 
divided into land surface (Fig. 2), ocean surface (Fig. 3), and for "tau" only,  
United States (Fig. 4) and South America (Fig. 5).

The attribution of extreme weather events can be done 
using a climate model to simulate the "real world", with 
all historical atmospheric forcings ("All-Hist"), and the 
world without anthropogenic impact, similar to pre-
industrial conditions ("Nat-Hist"). The difference in the 
probability of rare events can be quantified through an 
analysis of the tails of the probability distributions of 
variables such as temperature or precipitation. The 
"Risk Ratio" (RR) is a quantity often calculated. This is 
shown schematically in the figure below.

Event attribution studies

Table 1: CAM parameters used in design. 

Figure 1a,b: K-extended LH [4] design provides nested 
sub-designs while maintaining a highly orthogonal 
structure. Fig. 1a shows nine sub-designs.

Seven parameters previously found [2] to be influential in CAM were 
chosen for the design. These are listed in Table 1.
A simulation period of 2011/01 to 2013/10 was studied, relevant to 
many recent extreme event attribution studies [3].
CESM / CAM run at 1 degree global resolution with prescribed 
(observed) SST patterns and dynamic land process.
"K-extended" Latin hypercube design [4] was chosen to permit 
flexibility. The overall design comprises a number of mutually 
orthogonal sub-designs that allow for later expansion. This is shown 
schematically in Fig. 1a, with the projected design shown Fig. 1b.
140 design points in parameter space were run, with each design point 
comprising approx. 30 sub-members created from perturbed initial 
conditions.
"All-Hist" and "Nat-Hist" run at same design points, totalling 
approximately 20,000  years of simulations.

Experiment description and design

Extremes matter. This year saw catastrophic flooding in South Asia killing 1200, a European 
heat wave and massive damage to the U.S. from Atlantic hurricanes. Such events provide 
strong motivation to understand causal factors. The attribution of extreme weather events [3,6], 
such as heavy rainfall, to anthropogenic influence often involves the analysis of their probability 
in numerical simulations of climate. However, a range of uncertainties plague the use of climate 
models and the impact of uncertainties on simulated extremes remains unclear. In particular, 
convective parameterisations in the Community Atmosphere Model (CAM) [1] give rise to 
“parameter uncertainty”—uncertainty about the most accurate or optimal values of numerical 
parameters [2]. This motivates important question such as:
.

        How does extremal output from CAM respond to physics perturbations?
.

        Does this affect the conclusions of extreme event attribution studies?
.

Addressing the first point primarily, we present preliminary results from a large scale 
computer experiment providing 20,000 years of daily and monthly atmospheric output 
designed to examine the sensitivity of extremal output to perturbed physics in the context of event attribution studies.

A Perturbed Physics Ensemble for Climate Extremes


