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Project Synopsis:

The overall aim of our project is to quantify and characterize predictability of the climate
as it pertains to decadal time scale predictions. By predictability we mean the degree to
which a climate forecast can be distinguished from the climate that exists at initial
forecast time, taking into consideration the growth of uncertainty that occurs as a result of
the climate system being chaotic. In our project we are especially interested in
predictability that arises from initializing forecasts from some specific state though we
also contrast this predictability with predictability arising from forecasting the reaction of
the system to external forcing. Also, we put special emphasis on the predictability of
prominent intrinsic modes of the system because they often dominate system behavior.

Primary Research and Development Activities
Most of the research for this project was undertaken during its first three years. Results

from that research have been described in detail in the three annual reports that have been
previously submitted. Highlights from this work include:



* Development of methods for estimating the initial value predictability of climate
models based on analysis of long control integrations.

* Quantification of the initial value predictability limits of ocean heat content and
AMOC in many state of the art coupled climate models. These limits varied
substantially from model to model but on average were about a decade with North
Atlantic heat content tending to be more predictable than North Pacific heat
content.

* Comparison of initial value and forced predictability in many climate models
leading to the conclusion that information from the reaction to greenhouse gas
forcing does not dominate until 5 to 10 years after predictions begin.

* Estimation of tbe predictability of dominant patterns of ocean variability
including the PDO, AMOC’s leading EOF, and North Atlantic subpolar gyre
oscillations.

* Determination of especially predictable structures in the North Atlantic. The most
predictable of these retain predictability substantially longer than generic patterns,
with some being predictable for two decades.

During the four and final year of the project research concentrated on determining
efficient means of forcing large amplitude, long-lasting responses in the North Atlantic
via surface fluxes from the atmosphere. This was accomplished by applying the
fluctuation dissipation theorem (FDT) to a low-resolution version of CCSM4. FDT
enables one to construct a linear operator that gives the response of a dynamical system
to an arbitrary forcing, thus making it possible to determine optimal forcing and response
patterns. When we used it to find the most efficient means of exciting a response in
AMOC through 5-year forcing of surface buoyancy, we found that salinity and heat
fluxes in the model’s deep convection sites were the best way to forcing the ocean and
the optimum response was a single overturning cell that stretches from south of the
equator to about 60N. This response pattern is very similar to the leading EOF of year to
year AMOC variability. Another key finding was that this pattern is so much more
readily excited than other patterns that it is not necessary to force the ocean with special
distributions of surface fluxes for it to dominate variability. Even random distributions of
buoyancy or wind stress forcing will lead to this being the leading pattern of AMOC
variability. On the other hand, the flux pattern that does excite this mode depends
sensitively on model dynamics and varies substantially from one model to another. This
makes prediction of AMOC variability difficult for models with a poor representation of
ocean or atmospheric dynamics.
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