
Figure: Quantile estimations of the seasonal cycle  of daily 
temperature using CESM for a location in the upper 
Midwestern US. 

Impact
Results can be useful for model intercomparisons
and/or applications vulnerable to extreme 
temperature.

Diagnosing seasonal changes in temperature distributions in large 
climate model ensembles using quantile regression

Objective
Characterize changes in modeled temperature 
distributions using quantile regression

Approach
We analyze seasonal changes in daily temperature 
using an ensemble of 50 simulations of the 
Community Earth System Model (CESM) under a 
scenario of increasing radiative forcing to 2100, 
focusing on North America.

Our approach leverages the large number of 
simulations to create a continuous representation 
of seasonality rather than breaking the dataset 
into seasonal blocks. 
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use 32 basis functions in total, including an intercept
term. We then fit each q quantile of temperature
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where all of the coefficients depend on q , but we sup-
press the dependence for convenience. This fit de-
termines coefficients a, ai, bj, and ci,j for each quantile at
each location.
To simplify notation, consider a matrix X where each

column corresponds to a basis function, and each row
refers to a unique value of d , t, and ensemble member.
Using this matrix, we construct our temperature model
in vectorized form:
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where bq contains the 32 basis coefficients a, ai, bj, ci,j.
The predictor matrix X has 32 columns, each corre-
sponding to one basis function, and 3653 2503 50 rows.
To get a confidence interval for each entry of Tq , we re-
estimate the coefficients bq 100 times using resampled
datasets. We resample the data by randomly drawing
with replacement 50 whole simulations from our en-
semble of 50 simulations. By resampling complete re-
alizations, the dependency structure within realizations
is maintained in the resampled data. Appendix B,
section c provides further details about uncertainty
quantification.
As an example of a typical model fit, we show in Fig. 3

the seasonal cycle in CESM daily temperatures for three
locations, along with estimates of low, median, and high
quantiles. We show here data from 1850 to demonstrate
the seasonal fit rather than that of the long-term trend.

All locations show strong seasonal differences in vari-
ance that are well represented by our smooth estimates.
Relevant features that are captured include an asym-
metrical seasonal cycle in all locations; a clear left
skewness in wintertime in all three locations (although
most pronounced in the higher-latitude locations a and
b); and a distinct springtime shoulder in the higher-
latitude locations. These examples show the benefit of
explicitly modeling the seasonal cycle in variability
through smoothly varying quantile functions. The more
standard practice of treating all days within a season as
statistically identical would tend to obscure nuances
evident in Fig. 3, such as the decrease in winter tem-
perature spread (variability) from early to late winter.

4. Results and discussion

To facilitate comparison with previous studies, we first
perform a preliminary analysis where we replicate more
standard methods. That is, we examine changes in the
aggregate distribution of temperatures over multiweek
and multimonth intervals before we show results from
our new approach that calculates responses for indi-
vidual days. The standard analysis readily shows that
temperature distributions in the CESM ensemble
change over the RCP8.5 scenario (Figs. 4–6, which
compare the ‘‘initial’’ and ‘‘final’’ time windows 1850–64
and 2086–2100). Means uniformly shift to warmer tem-
peratures, but the distributions also change in terms of
standard deviations and skewness. Figure 4 shows initial
and final distributions in our example locations for ag-
gregated 15-day periods in winter and summer.
Regarding the spatial characteristics of temperature

distributions, we see the expected strong decrease in

FIG. 3. Illustration of results of our quantile estimation procedure using the 50-member CESM ensemble. The figure shows ensemble
daily mean temperatures for the year 1850 for the three representative locations a–c plotted in Fig. 2. The ensemble provides 50 points per
day, but for clarity, we show only 10% of the data. Solid lines show the median daily temperature, and dashed lines show the 0.025 and
0.975 quantiles estimated by our procedure. The locations of the points outside of the 0.025 and 0.975 quantile curves are fairly evenly
spread across day of year (notwithstanding the sizes of the exceedances), suggesting that these estimated quantile curves capture the
seasonally changing patterns in the tails of the distributions reasonably well.
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