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3| . X‘;g;*ak Iy | * ST-PC8 10 (c) Prob. of rainfall for State 3 (f) Mean rainfall amount for State 3 1981 I SN | e.g., during the core of the summer monsoon, as apparent also from the Viterbi state sequence.
10 ¥ x 3 : < ST-PC9 W Nt KN 30°N 019 30°N H N s oo D e B W | O #1 o Driest years = higher prevalence of the dry State 3 and less of the wet State 2 from mid-June to
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1 5 70°E '?snE 3Ooé 85°E 90°E 0 06/01 06/1 5 07/02 07/1 6 08/01 08/1 5 09/01 09/1 5 « The main significant changes in state frequency occur near the onset and end of the monsoon
10 1 2 3 season, with consistent departures seen in the wet and dry states (States 1 and 3), while
10 10 10 Figure 5: Characteristics of the three Hidden Markov Model (HMM) states obtained, during wet days: (a—c; left Figure 6: Viterbi sequence of the three hidden Markov model (HMM) states with “active” and “break” days broad-scale rainfall anomalies during the core of the monsoon season are less marked in state
Period (|n days) column) probability (shadings) and probability anomaly in % (contours); and (d—f, right column) mean rainfall superimposed as black and red squares respectively fromARajeevan etal. (2008). State 1 is shown as green squares, State frequency.
(shadings) and mean rainfall anomaly in % (contours); computed from daily rainfall during JJAS for the full data 2 as blue squares, and State 3 as yellow squares; the active and break days documented by Rajeevan et al. (2008) are o The amplitude of the MAC shows consistent deviations between the two sets of years (Figs. 8g,h),
) ‘ . o . ‘ set (1975-2008) across Monsoonal India. shown as black and red dots, respectively. especially from mid-June to late-July and then in September, although the deviations do not
Figure 1: Power spectra of the ten leading space-time principal components (ST-PCs) from multichannel singular always exceed the 90% significance level, as computed from 1000 randomly chosen sets of 11
spectrum analysis (M-SSA) of daily outgoing long-wave radiation (OLR) and zonal and meridional components of the e .
925-hPa winds. The spectra were computed separately for each ST-PC by using the maximum entropy method with a = years each.Thus, both the MAC as well as the deviations in state frequency and suggest that JJAS
60-day window over Monsoonal India (60°~100°E, 0-35°N); the legend in the figure gives the key to individual-PC results. = seasonal anomalies across Monsoonal India are predominantly due to the changes in the length
The missing period from March 17 to December 31, 1978, in the OLR data set is replaced with the OLR mean seasonal cycle s

computed on the available data. Mean and standard deviations are computed for the whole available period and used to of the monsoon season.

normalize the anomalies. An empirical orthogonal function (EOF) analysis is then applied to the standardized anomalies of
OLR and wind to retain 75% of the entire variance, which yields the 26 leading principal components (ordinary, spatial-only

HMM STATE US MAC & IS0 E HMM STATES & MAC FOR WET AND DRY YEARS
PCs). Solely spectral peaks that are significant according to a Monte Carlo test with 1000 realizations of an auto-regressive

process of order one (AR1 or “red noise”) are displayed. (a) State 1 vs MAC & ISO

Figure 2: Time-latitude diagram of the longitudinal mean (60°-100°E) for the dry year 1987 of (a) 1 c 0nc| l"ll rem al'ks
dai_ly QLR (in Wm-2); (b) MAC (RCs 1—4); and (c) ISO (_RCs 5-6) from the M-SSA reported in Fig. 1. (a) Seas. Amounts Lower tercile (b) Seas. Amounts Upper tercile “ g
Units in panels (b) and (c) are anomaly (in Wm-2) relative to the long-term mean. '
0.8 30°N 5 % T 30°N kD « The MAC (Fig. 3) and ISO (Fig. 4) are shown to represent the dominant components of atmospheric
27°N : 27°N circulation variability over India.
0.6 Tk b ok « A three-state hidden Markov model characterized by rainfall patterns that are “dry” (State 3),"wet”
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04 21°N ? ), 21°N attributes of the seasonal cycle, as well as of the active and break monsoon episodes (Fig. 6) that
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16°N 585 0.5 18R o (b) State 1 vs MAC & ISO 30°N 30°N when the eastern cyclonlc. anomaly nears the Bay and Bengal (Fig. 4, Phases 4-5).In thIS. context, it
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(6) MAC phase 3 (d) MAC phase 4 0.5 c 0.6 ! 2 - = mentioned above (Fig. 7), and also in the fact that these features appear to exhibit noticeable
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24°N> 0.35 24°N 0.35 24°N 24°N 2 il i inU il cautious here about potential sampling uncertainty, since the analyzed time interval is rather short
16°N 0 16°N 0 16°N 16N b -2.5 = 0.2 in Lower tercile in Upper tercile but the asymmetry could also be due to the actual evolution of ISO itself (Fig. 4). The fact that the ISO

i -0.35 ; -0.35 ; -3+ 5 5 itself is symmetric about zero does not necessarily lead to seasonally averaged anomalies being

8°N -0.7 8°N ; -0.7 8°N 8°N — — — — — — a w L vanishingly small, because of the interaction with the MAC. For example, a weak MAC would bolster
0° \ __11'{:‘5 0° i \ ‘_11'215 0° o° 68 satla =080 0. A S 2.5 8 S . S .w\ y the role of the “anticyclonic” phase — with more breaks, less active spells or both — vs. the “cyclonic”
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(c) State 1 vs MAC & ISO o R O fe) TR - \L, « Finally, it seems worth mentioning that M-SSA, in combination with the maximum entropy method
(e) MAC phase 5 (fy MAC phase 6 (e) ISO phase 5 (f) ISO phase 6 % E—— g p—p (recall Fig. 1 here) could lead to highly competitive prediction skill of those features of the
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10'075 32°N 16075 : 0.8 centre of 11-day window centre of 11-day window features of the El Nifo-Southern Oscillation phenomenon in the Eastern Tropical Pacific. We expect
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