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1. Introduction

The boreal wintertime midlatitude response to a significant El Nifio Southern Oscillation (ENSO) event
has been studied extensively for over 30 years. As well as the forcing itself, the response is primarily
understood in terms of an average across the season. However, its development and variability in terms of the
sub-seasonally varying forcing is still unclear. For instance, which is more important, short-lived strong
convective events or persistent moderate convective events? Can knowledge of the sub-seasonal forcing yield
any additional seasonal predictability?

In this study we present model results using large ensembles forced with observed 1982/83 sea surface
temperature (SST). The model is modified such that diabatic heating (Q) is prescribed across the tropical
Indo-Pacific for which sub-seasonal and ensemble Q variability is neglected. Results indicate a significant
impact of low frequency sub-seasonal Q variability for the response in 1982/83.

2. Experimental framework

We use the NCAR Community Atmospheric Model v4.0 (CAM4.0) with a finite volume dynamical core
and a resolution of 1.9° x 2.5° x L26. 1982/83 DJFM monthly interpolated SST and sea ice is prescribed for
boundary conditions taken from the Hadley Centre observed SST and sea ice dataset. DJFM climatological
conditions are generated similarly by forcing the model with climatological SST and sea ice. 50 ensemble
members are used for each set of experiments and are generated by slightly perturbing Nov. 1% initial
conditions.

Taken from a control set of integrations (CTL), Q is decomposed into the evolving climatological and
SST-forced signal (Qo), the seasonal mean deviation about that signal (Q,), the 30-120 day low frequency
variability (QLow), and the < 30 day high frequency variability

(Qricn). Qo is constructed in a way roughly equivalent to a least FIX Qo(t)

squares fit to Leggr}drg polynomials (T=8). QLQW & QnicH are EFIX Qo() + Qs(e)
computed by partitioning Q-Qo-Q; using spherical harmonics.

We perform experimental integrations by prescribing varying ESUBFIX | Qot) + Qu(€) + Quow(t.e)

subsets of Q (Table 1, Fig. 1) at every vertical level across the Table 1 Experimental integrations and
tropical Indo-Pacific (62.5°E - 87.5°W, 24°S - 15°N) such that prescribed Q varying in time (t) and

the seasonal/ensemble mean is maintained in all experiments. In ensemble member (e) at every grid

order to reduce potential boundary issues, Q is relaxed along the point across the tropical Indo-Pacific.

boundaries of the domain at a zonal and meridional width of 10° _

and 7°, respectively. Initially, prescription is turned on through g1 % 1e5W, 1N

gradual relaxation for a period of 10 days. The local effectof Q- = s | ©* | ,«4

circulation decoupling is assessed in separate integrations and % "‘

confirmed to not have any systematic influence (not shown). ° e

3. Seasonal/ensemble mean response Fig. 1 800-200 hPa vertlcally integrated Q
CAMA4.0 realistically simulates the tropical upper-level (Querr, W/m?) for all integrations at an

divergence/convergence and the midlatitude wave train (Fig. 2) individual grid point in equatorial

and is quite strong compared to typical model responses. Results Pacific (165° W, 1° N).
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from FIX and EFIX are very similar with the local tropical response is amplified in the equatorial Pacific
(maximum div. 9e-6 s * + 3e-6 s). The extratropical response is amplified significantly, particularly with a
deeper upper-level low in the North Pacific (minimum height -200 m - 40 m) as well as lower heights over the
southern U.S. and Mexico, and over western Asia. For ESUBFIX, only minor differences with CTL occur
suggesting that primarily the low frequency Q variability has a tendency to weaken the response for 1982/83.

CTL-CLIM, FIX-CTL EFIX-CTL ESUBFIX-CTL

Fig. 2 Seasonal/ensemble mean 200 hPa Z (upper, Z,q) and tropical 200-150 hPa divergence (lower, DIV)
for CTL-CLIM (left, Z200 in 20 m, DIV in 2e-6 s, FIX-CTL, EFIX-CTL, and ESUBFIX-CTL (middle
left, middle right, and right, respectively, Z200 in 5 m, DIV in 1e-6 s™). Significance shaded at 5% level
according to Student’s t-test.

We find similar differences for the response when examining other ENSO events using different SST (as
well as climatological SST), although a similar attribution to low frequency Q variability cannot be made in
the extratropics (not shown). This suggests that under other ENSO events, higher frequency variability (< 30
days) may also be playing a role.

Examining the distribution of these seasonal mean differences during the season, we find that tropical
upper-level divergence is consistently stronger evenly throughout the season whereas the deepening of the
low in the North Pacific has a clear peak in mid-winter (not shown). Consistent with this, additional mid-
winter suppression of baroclinic activity occurs along with a peak in eddy feedback onto the mean flow and in
the jet extension.

4. Mixing vertical Q profiles

Significantly enhanced upper-level divergence occurs in the equatorial Pacific for FIX and EFIX despite
having identical seasonal/ensemble mean forcing. We examine the daily grid point vertical column
relationship where the seasonal mean differences occur (120°E - 120°W, 0 - 5°N) and find that the differences
are evident for all positive values of Qvert (Fig. 3, left panel). In terms of the probability density function
(PDF) of Querr (Fig. 3, middle panel), values corresponding to moderate convection (0 W/m? < Querr < 70
W/m?) occur much more often for FIX and EFIX, compensating for the lack of values that correspond to the
absence of convection and deep convection (an effect of averaging). Across the same range of values for
moderate convection, the corresponding vertical profiles reveal a level of peak Q that is elevated compared to
that in CTL. The column redistribution of Q occurs from averaging which consequently absorbs profiles
associated with deep convection that have a much higher level of peak heating. This effect is shown for FIX-
CTL (Fig. 3, right panel) but also evident in all other prescribed Q experiments. For FIX and EFIX, we
estimate that this effect linearly accounts for at least half of the enhanced divergence. For ESUBFIX, the
same issues are evident but lessened due to a PDF more similar to that of CTL — a result of including low
frequency variability.

5. Conclusion and discussion

We find that for the CAM4.0 simulation of the 1982/83 DJFM EI Nifio, low frequency (30-120 day) Q
variability primarily weakens the response both locally in tropical upper-level divergence, and in the height
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Fig. 3 Average DIV (s%) as a function of Querr (left) and PDF for Querr (middle, total integral value in upper
right) for CTL, FIX, EFIX and ESUBFIX. Vertical profile of Q for FIX-CTL as a function of Qverr (right)
acroszs the Eqg. Pacific (right, for 120°E - 120°W, 0 - 5°N in W/m?). Binning is used with bins of width 1
W/m

response across the Pacific and North America, whereas the seasonal mean ensemble spread of Q
interestingly does not seem have much of a role. Results suggest that the local enhancement of tropical
divergence may be the primary mechanism forcing the midlatitude differences in the North Pacific, though
the potential existence of a dynamical mechanism dependent on the temporal characteristics of the forcing is
not ruled out. For instance, Li and Nathan (1997) show preferential jet stream interaction with tropically
forced waves of periods > 30 days (in contrast to < 30 day periods) in a barotropic model. Could such
behavior have an accumulated effect on the seasonal mean?

For other ENSO events, differences are qualitatively similar although the consistency between differences
in tropical divergence and North Pacific upper-level height for ESUBFIX is not found (not shown) suggesting
that high frequency variability may be important. When interpreting different events, we keep in mind that
characteristics of Q variability have some dependence on the mean and underlying SST, and variability of the
extratropical response is dependent on the basic state circulation modified by ENSO as well as changes Q
variability. This was examined by Schubert et al. (2001) who also investigated the role of sub-seasonal
variability during the 1982/83 EI Nifio, though any potential impact on the ensemble mean signal itself was
not addressed. Another thing to keep in mind is that Q variability is highly dependent on the model’s
convective parameterization, e.g. much more ensemble variability is generally simulated during El Nifio using
CAMA4.0 compared to CAM3.1 (not shown). Nevertheless, the use of a state-of-the-art nonlinear moist GCM
for this particular work is a strength and an advantage over past studies.

In order to more adequately address the role of sub-seasonal and intra-ensemble Q variability, more work
is currently under way examining relationships with the extratropical circulation at sub-seasonal time scales
with emphasis on its consequences on the seasonal mean response. This is not trivial provided the large
degree of chaotic internal variability in the extratropics that is completely independent of tropical Q, however
an adequately large ensemble size may allow potential relationships to be distinguishable.
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