Decadal and Centennial ENSO Variability via Lag-Correlation Analysis
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Abstract Model Validation

The behavior of the El Niho/Southern Oscillation (ENSQO) is complex; even over the dozen or so events captured by modern CCSM3.5 vs. ERSST CCSM 3.5 vs. other models
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extend perhaps 150 years. Paleoproxies have also been used to study ENSO variability over the past two millennia. All of these 10 era o f
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Figure 1: CCSM model validation. Left: Power spectra for the NINO3 index generated by the CCSM, and for the NINOS3 index

Overall Lag-Correlations
computed from NOAA’s Extended Reconstructed SST (ERSST) dataset. Right: Diagnostics of wind stress meridional extent and

Lagged correlations between NINO3 index and NINOS index/therm. depth (252N, 220-240F) correlation ~ NINO3index/zonal wind (10-15N, 220-240F) correlation wind center of mass from Capotondi et al. (2006). Red circle indicates the position of the coarse-resolution (T31x3) CCSM3.5 (other
(left) thermocline depth in the eastern equatorial 05k | models shown are 1=UKMO-HadCM3, 2=PCM, 3=GISS-EH, 4=CNRM-CM3, 5=CSIRO-Mk3.0, 6=MRI-CGCM2.3.2, 7=GFDL-

Pacific and (right) zonal wind in the off-equatorial CM2.0, 8=IPSL-CM4, and 9=CCSM3).
Pacific are shown in Figure 2. NINO3/zy, are
negatively correlated at -4 months: a shallower-

Capotondi et al. (2006) have laid out several diagnostics, designed to assess the IPCC-AR4 models (Figure 1, right). CCSM3.5 appears in red on all plots.
Here the period of ENSO variability is compared to the meridional extent of wind stress regressed onto the NINO3.4 index and the "center of mass” of this
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than-normal thermocline precedes an El Nino, Bl | | _ o <ol _ _

and a deeper-than-normal thermocline = 0 5| 02 0 5 guantity. These relate ENSO variability to the location of forcing.
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prECEdeS d La Nlna. We belleve thlS represents NINOS index/therm. depth (2S5-2N, 220-240E) correlation: 50 yr intervals NINOS index/zonal wind (10-15N, 220-240E) correlation: 50 yr intervals

CCSMa3.5 equals or outperforms all of the AR4 models, despite its relatively low resolution. Most notable is the position of CCSM3.5 relative to CCSM3 (#9

an enhancement of the seasonal signal, connected : AL . : . o idlr . . . :
04f on the figure). Although ENSO variability remains somewhat too frequent in CCSM3.5, its position is much improved, and is close to matching observations.

with ENSO’s seasonal phase locking.

Positive NINO3/zw» correlation is seen at -12-15
months, consistent with the recharge-discharge
oscillator model. Pre-existing thermocline depth
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L : : Figure 2. Lag-correlation plots for NINO3 index and eastern Pacific thermocline depth (left) and mean We have chosen two representative 50-year - B . . . =A% .
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. zonal wind (right) anomalies from 10yr running mean climatology. Negative lag values indicate wind/ intervals in the 700-year CCSM3.5 run P HI | 600-649 1.041 93 36 97 .51 14.86 0.528
you must look off the equator. The spatial : : . _ _ - o o o -14, o
: : . : thermocline depth leading NINO3 index. analyzed: P_HI and P_LO, so named for
structure of wind forcing is crucial to ENSO : e = :
variabilit their NINOS3 variances. Dynamics are vastly
% different in P_HI and P_LO!
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Figure 3: Left: Lag correlation of NINO3 index and thermocline depth anomalies from 10yr running mean climatology, shown at lag intervals of -15months (left), -6 months (center) and -3 months (right). Top row: maps for model years 351-401 to be important during those time periods.
(P LO; low NINOS3 variance). Bottom row: maps for model years 601-651 (P HI; high NINO3 variance). Negative lag times indicate thermocline depth leading; negative correlation implies a deeper thermocline preceding an El Nino. . Clearly, more work remains to detail the precise mechanisms at work in the model.
F?ig/_nt: Lag corre_latic_)n o_f NINOS3 index and zqna/ wind, _shown at le_zg intervals of -15 months (left), -12 months (center), and -3 months (right). Top row: maps for P LO. Bottom row: maps for P HI. Negative lag times indicate wind leading; In order to understand the variability one might expect from ENSO over decades—
positive correlation implies a more westerly wind preceding an £l Nino. either natural or due to climate change—it is necessary to understand not just a few

centuries of simulation, but millennia. Future work will include conduéting long
simulations under a variety of conditions, and to statistically process the model
output to identify the mechanisms underlying distinct dynamical regimes.

For P_HI (lower left panels of Figure 3), NINO3/thermocline depth are negatively correlated in the eastern Pacific at -6 months. This is stronger during P_HI than P_LO, suggesting that seasonal locking
preconditioning is more important when El Nino is more frequent. The earlier preconditioning, (-15 months) extends across most of the Pacific. This recharge-oscillator-like preconditioning is
stronger in P Hl than in P LO.

During P_LO, NINO3/wind are highly correlated at short lead times (-6 to -3 months) north of the equator. In contrast, during P_HI, the correlation occurs much earlier (-15 to -12 months lead)
and is centered about the equator. We speculate that when NINOG3 variance is large, wind plays a role in generating large SST anomalies only at large lead times; thermocline wave propagation then takes
over and carries on through the event.



