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Climate Model Capabilities

(from last year’s talk)

Existing climate models cannot
credibly produce future weather
scenarios of other than the gross
geographic and seasonal distribution

of mean surface temperature.

This is because they cannot
adequately reproduce these features
over the recent historical record.




i B

@ Climate Model Capabllltles

6“

-1:.

r|1

]

=
"fr‘

Parameters and/or
trend(s)

Level of practical
interest to policy
makers, adaptive
planners, and
resource managers

Ability of climate
models to reproduce
over the last 50 years

Mean annual global
surface temperature

None

Exceptional

Regional and seasonal
mean surface temperature
and precipitation and their
interannual variability

Considerable

and poor for
precipitation

Regional and seasonal
intraseasonal variability,
especially risks of weather
extremes and high-impact
events

Intense

Poor or unknown
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As a practical matter, we don’'t know with sufficient

accuracy or confidence what regional or local climates
are today!

This i1s because

— the climate is changing rapidly,

— we don’t have dynamical models that can credibly replicate the
statistics of the current climate at spatial and seasonal
resolutions important to users

— we have been slow to improve on the inadequate empirical
approaches ( which include linear-trend fits and the Optimum

Climate Normal, OCN) currently used to estimate trends and
track the changing climate.



Take-Away Messages

The United States has undergone dramatic climate change over the
last 30 years or so and change is likely to continue. )

These changes need to be taken into account in all activities that
rely on knowledge of climate normals, risks, and other climate
statistics. This requires better estimates of today’s climate and
methods for extrapolation. -

Alternatives to operational approaches for improved estimation and
extrapolation of climate normals are available now. In the near term
they are our best opportunity for substantial improvements to climate
change related services.

We need to alert the user community to the problem and its
solutions.




U.S. Trends

Rate of Long-Term Trend Temperature Change (top; °F per decade)
& Precipitation Change (bottom; inches per decade) — JFM

SON

Based on 1931-2005 data
Trend begins 1976

Complete set at http://www.cpc.ncep.noaa.gov/trndtext.shtmi




Significantly-Skewed La Nifa Temperature Distributions - January - March

1943 1950

Number of events among the warmest
or coldest one-third of the 1953 - 1997
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of events in the OPPOSITE extreme one-
third of the historical distribution.

Trend-
Adjusted
[Based on 1941 -
7998 (with trend
beginning in
7966) &
extrapolated to
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» Common Methods for Estimating and
Extrapolating Climate Normals

30-year normal, updated every 10 years, available in 3" year,
persistence constitutes the forecast.

Optimum climate normal (OCN), average of previous 10-years
(temp) and 15-years (precip), updated annually, persistence
constitutes the forecast (CPC operational methodology).

Least-squares linear trend fit, extrapolation of fitted trend constitutes
the forecast.

Intuition suggests that if the climate is changing rapidly and the
change is dominantly linear, each successive method above will
outperform the others. L|vezey, et. al. (2007) have attempted to
quantify this relative performance.
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Assume the time series of a particular monthly or seasonal average

can be well represented by trend plus climate noise (year to year
variability), where

o the standard deviation of the climate noise with zero mean,
g is the year to year persistence in the climate noise,

T years from the end of the averaging or estimation period, i.e. the
forecast lead, and

B = b/o the scaled trend (per year).

Let n(t) be the expected mean squared scaled (by @) error of Y(t).
As a reference, let an acceptable RMSE be 0.50, or n(t) = 0.25




Error in Estimates of 30-Year
Normals
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« ForB=0.03, 7> 0, and all g, error exceeds acceptable limit.

« Except for weak trends error is already unacceptable at release, and
by next release (T > 10) grossly in error!




Error in Estimates of OCN

Lag 1 correlation coefficient, g
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« Big improvement over 30-year normals but error still not acceptable
beyond moderate trends ($=0.05) with small g.




Error in Estimates of Linear Fits

Linear Fit OCN OCN
(N =30yrs) (p =0.03) (B =0.05)
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For any B, the table shows the error threshold expressed as the
maximum T with acceptable error.

The linear fit outperforms the OCN for moderate to strong trends,
but not weak ones.




Notes on Fitting Linear Trends

 Alinear trend fit should never be fit to a whole time
series or a segment arbitrarily.

At a minimum the scatter diagram should be examined
to confirm that the trend is not obviously non-linear.

Optimally the functional form of the trend should be
based on additional considerations.

Linear trend fits are very sensitive to endpoints.

Very large-scale trends associated with global warming
are approximately linear over the last 30-years but
decidedly not over the last 40 to 70 years.




Notes on Fitting Linear Trends

Global air temperature (HadCRUT2v)
2002 anomaly +0.48°C
(2nd warmest on record)
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From Trenberth (2004) Presentation




A Hinge Fit for U.S. Trends

Piecewise continuous with no
change from 1940-1976 and linear
change thereafter.

Colorado, CD 2, JFM

An appropriate trend model with the
reasonable assumption that the
strong trends since the mid-1970s
are related to global warming.
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Livezey and Tinker (unpublished)
demonstrated that the sampling
variability of the hinge fit is
substantially smaller than a linear
fit to the last three decades.

Temperature (deg F)
N
(6]

—_
(&)

—¢0— Obs ==Hinge at 1976

Thus it will outperform the linear fit
(Slide 14) if the underlying trend is
dominantly linear.

B = 0.06, g = -0.1 in this example.
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Hinge Fit Linear Fit
(N=65 (N=30
yrs) yrs)

14 7
10 5
7 3
4 1

- For any B, the table shows the error threshold expressed as the
maximum 1 with acceptable error.

» The hinge fit outperforms OCN for all but the smallest trends.
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) A Hinge Fit for U.S. Trends

Phant

Composite Standardized Temperature Anomalies

Jan to Mar 1841 to 1975 Composite Standardized Temperature Anomalies
Versus 1950—1995 Longterm Average Jan to Mar 1978 to 1979

Versus 1950-1995 Longterm Average

WOMA/ESRL PSD ond CIRES-CDC WOWA/ESRL PSD and CIRES-CDC

-0.75 -0.55 -0.35 -0.15 0.05 0.25 0.45 0.65 30 -2.0 —-1.0 00 1.0 2.0 3.0

The mid- to late 1970s were unrepresentative of the post-1940
climate, so linear trend fits from then give a distorted view of modern
trend pattern.



U.S. Trends

Rate of Long-Term Trend Temperature Change (top; °F per decade)
& Precipitation Change (bottom; inches per decade) — JFM

SON

Based on 1931-2005 data
Trend begins 1976

Complete set at http://www.cpc.ncep.noaa.gov/trndtext.shtmi







Take-Away Messages

« The United States has undergone dramatic climate change over the
last 30 years or so and change is likely to continue.

These changes need to be taken into account in all activities that
rely on knowledge of climate normals, risks, and other climate
statistics. This requires better estimates of today’s climate and
methods for extrapolation.

Alternatives to operational approaches for improved estimation and
extrapolation of climate normals are available now.

We need to alert the user community to the problem and its
solutions: OCN where trends are small and the hinge fit where
trends are moderate to large.

See Livezey, Vinnikov, Timofeyeva, Tinker, and Van den Dooal,
2007: Estimation and extrapolation of climate normals and climatic
trends. Journal of Applied Meteorology and Climatology. In review.




