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Introduction and Motivation

e The widely-used Coupled Model Intercomparison Project 5 (CMIP5) archive
serves as the basis of climate assessment for the United Nations
Intergovernmental Panel on Climate Change (IPCC) report ARS.

* Ensemble averaging of multiple CMIP5 models is used to add value to
projections by constructing a consensus projection.

* However, individual model projections are subject to biases created by
structural model uncertainties, and some models reproduce certain
climate processes better than others.

Can we use model performance metrics to
improve ensemble-mean climate simulations?
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Metric Performance and Results

Calculation of Metrics

Hypothesis: models which are better able to simulate an

important climate process produce better mean-state simulations.

28 metrics are used to
test model performance

The framework provides a way to test this hypothesis with many metrics.
Current metrics are calculated by:

1. Using CMIP5 Pre-Industrial Control simulation data, calculate global mean
detrended anomaly time series of metric for each CMIP5 model (last 100 years
of simulation) and for observations (14 years of CERES data for radiation
variables, 30 years of GISS data for temperature)

2. Use a statistical test to compare model and observations time series (F-test for
equal variances, Kolmogorov-Smirnov test for distribution similarity)

3. Repeat the test for sequential slices of the model simulated time series (14-
vear slices for radiation metrics, 30-year slices for temperature metrics), add
up the number of passed tests, and divide by the total number of tests (where
0<m<1)

4. Using the metric value as a weight for each model, apply weights to the CMIP5
historical experiment and calculate weighted ensemble means for 20t"-century
climate quantities

The metrics represent model skill in reproducing
observed climate processes.

1 LW flux variance F-test

related to radiation budget

All metrics are computed from a global mean
detrended deseasonalized anomaly time series.
Statistical tests for equal variances (F-test) and
distribution similarity (K-S test) are performed
on radiation and temperature time series.

Two statistical concepts are introduced as new
performance metrics:

Local variance is defined as the variance of the
first derivative of the time series (calculated
using forward difference approximation).

EMD, or Earth Mover’s Distance, is defined as
the measure of the distance between two
probability distributions over a region.

2 LW flux distribution K-S test
3 LW flux local variance F-test
4 LW flux EMD value

Best-performing metrics are related to OLR variance

5 LW flux (cloud forcing) variance F-test

Framework shows that some tested metrics produce better
ensemble-mean simulations than standard methods

6 LW flux (cloud forcing) distribution K-S test
7 LW flux (cloud forcing) local variance F-test
8 LW flux (cloud forcing) EMD value

9 LW flux (clear sky) variance F-test

10 LW flux (clear sky) distribution K-S test

11 LW flux (clear sky) local variance F-test
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Metric performance is compared using the I? performance index.

Adapted from a model performance metric from Reichler and Kim (2008) by computing the normalized error for
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