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Abstract This study uses maximum covariance analysis (MCA) to investigate the linear covariance between anomalous
soil moisture at southern Africa and atmospheric circulation in the Southern Hemisphere (SH) based on the ERA40

reanalysis dataset. In the Southern Hemisphere winter (JJA, Jun—Jul-Aug) and summer (JFM, Jan—-Feb—Mar), the
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atmospheric signal resembling the positive phase of the Antarctic Oscillation (AAO) is significantly correlated with

persistent soil moisture anomalies in southern Africa that can be up to five months ahead in the leading MCA modes.

Regression analysis based on the soil moisture anomaly centers from the MCA covariance patterns confirms that early-

season positive soil moisture anomaly in the northern part of southern Africa and negative soil moisture anomaly in the

central and southern part of southern Africa later have significant effects on winter and summer atmospheric circulation.

Significant squared covariance of JJA (JFM) AAO seems to be related to persistent soil moisture anomalies in the

preceding summer and autumn (spring and early summer) and their continuous and cumulative impacts on the

atmosphere. The leading time of southern Africa soil moisture anomaly provides an implication for skillful predictability

of large-scale atmospheric variability in the Southern Hemisphere winter and summer.
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Fig. 1 (a) The squared covariance (SC) and (b) the correlation coefficient associated with the first MCA mode (MCA1) between Z500 in region(20°
S-90°S,0°-360°)and SM in southern Africa (0°-45°S, 0°-60°E) as a function of seasons and leading-lagging times (SM and Z500 data are from
ERAA40 data). Shadings indicate values at 95% (heavy) and 99% (light) confidence levels
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Fig. 2 (a—g left) Homogeneous SM (shaded) and (a—g right) heterogeneous Z500 (contours) covariance maps of JJA Z500 and SM in the first MCA

mode at SM lag times from —5 to + 1 months. Contour interval is 5 gpm, dashed contours are negatives, and the zero line is omitted
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(a) MCA1—SM Time Series at Lag=—4
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Fig. 3 (a) Normalized MCA-SM time series for the first MCA mode at SM lag time of —4 months (FMA) when Z500 is fixed in JJA. Regression
maps of SM anomalies lagged at (b) 1 month (MAM SM, MAM: Mar-Apr-May), (¢) 2 months (AMJ SM, AMJ: Apr-May—-Jun), (d) 3 months (MJJ
SM), and (e) 4 months (JJA SM) onto the MCA-SM time series shown in Fig. 3a (shaded)
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Fig. 4 Lagged regression of (a—d) Z850 and (e~h) Z250 at lag times from 1 to 4 months (to FMA SM) onto the time series shown in Fig. 3a.
Contour intervals are (a—d) 4 gpm and (e~h) 6 gpm, dashed contours are negatives, and the zero line is omitted. Shadings indicate values at 95%

confidence level
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Fig. 5 Maps of JJA Z500t regressed onto time series of (a) JFM, (b) FMA (Feb-Mar-Apr), and (c) MAM southern Africa SM anomaly index.

Shadings are values at 95% confidence level. Contour interval is 3 gpm, dashed contours are negatives, and the zero countour is omitted
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Fig. 7 (a) Normalized MCA-SM time series for the first MCA mode at SM lag time of —4 months (SON) when Z500 is fixed in JFM; (b—e)
regression maps of SM anomalies lagged at (b) 1 month (OND SM, OND: Oct-Nov—-Dec), (¢) 2 months (NDJ SM), (d) 3 months (DJF SM), and (e) 4
months (JFM SM) onto the MCA-SM time series shown in Fig. 7a
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Fig. 8 Regression of (a—d) Z850 and (e~h) Z250 at lag times from 1 to 4 months (to SON SM, SON: Sep~Oct-NOv) onto the time series shown in

Fig. 7a. Contour intervals are (a—d) 2 gpm and (e~h) 4 gpm, dashed contours are negatives, and the zero line is omitted. Shadings indicate values at

95% confidence level
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Fig. 9 Regression maps of the JFM 500 hPa geopotential height field onto time series of the (a) SON (Sep~Oct-Nov) and (b) OND (Oct-Nov—Dec)

southern Africa SM anomaly index. Shadings indicate values at 95% confidence level. Contour interval is 3 gpm, dashed contours are negatives, and

the zero contour is omitted
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