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1. Introduction

Tropical rainfall is often concentrated during a well-defined rainy season whose amplitude, length and onset vary by location. Interannual variability is known to be strongly influenced by the El Niño Southern Oscillation (ENSO) in many cases, but seasonal forecasts are still largely restricted to 3-month averaged rainfall amount at the GCM grid-point scale of about 300km  (for example, http://iri.columbia.edu).

It is still not well established how this seasonally-averaged predictable signal is disaggregated at smaller spatial and temporal scales. We investigate here the seasonal predictability of the onset date of the rainy season across the Philippines. Onset date is particularly critical for agricultural activities and the estimate of its potential predictability) is especially sensitive in the tropics where a significant part of the Gross National Product is often derived from a small number of crops. The mean onset of boreal summer monsoon in Southeast (SE) Asia and especially around the Philippines has been previously described as a sharp transition between two different states at large-scale (i.e. Akasaka et al., 2007), suggesting a potentially predictable component. We examine this issue using a well-sampled 77-station network over the Philippines provided by PAGASA (1977-2004), together with ensembles of retrospective forecasts from three seasonal prediction models (both one-tier and two-tier) initialized on April 1st. 

2. Mean annual cycle and monsoon onset date

The Philippines combine a complex topography with islands of different sizes surrounded by warm sea surface temperatures (SSTs). The multi-scale mixing of processes is particularly challenging for the detection of any spatially-coherent regional-scale signal, for example related to ENSO (Lyon et al., 2006). We firstly examine the mean annual cycle of station rainfall and its spatial characteristics. Figure 1 shows the classification of mean annual cycle of rainfall at the 77 stations using a standard k-means classification on the mean probability of occurrence of wet days > 1 mm, low-pass filtered < 1/30 cycle-per-day. Use of the low-pass filtered mean daily rainfall amount leads to a similar pattern (not shown). The major spatial differentiation is between the eastern and western Philippines. The eastern part has no real dry season with two rainy peaks in November-December and late June-early July (Fig. 1c), while the western part displays a sharp increase between a dry season till April and a wet season peaking around July-August (Fig. 1b); we focus henceforth on the latter, defined by cluster 1.

Rainy-season onset date is usually defined using thresholds for estimating the first wet spell of the season (i.e. Dodd and Jolliffe, 2001). Restriction to large rainfall amounts and/or long wet spells help to reduce the small-scale noise associated with the convective nature of tropical rainfall. The onset date is defined here as the first wet day of a 5-day sequence receiving at least 40 mm without any following dry spells of 15 consecutive days receiving less than 5 mm, within a month from the onset. Figure 2a shows the mean onset dates for the 38 western Philippines stations (i.e. white squares on Fig. 1a); the onset combines a regional-scale signal centred around mid-May with local-scale variations, even between nearby stations. These local variations could be associated with topographic  features that tend to enhance local rainfall intensities and thus slightly modify the phase of the rainy season. Fig. 2b shows the standardized anomalies of the 38 stations together with the average, i.e. the standardized anomaly index (SAI ; Moron et al., 2007a). There are some deviations amongst the stations but the SAI exhibits a significant common signal (common variance amongst the stations = 25.4%), suggesting potential predictability at the station scale. Note that SAI is correlated > 0.97 with the leading EOF computed over the 38 stations, that accounts for 31.5% of the total variance.

3.  Downscaled GCM hindcasts of the SAI of onset date

We next estimate seasonal hindcast skill of the SAI of onset date from three seasonal prediction models – the  24 runs of ECHAM4.5/constructed analog SST two-tier system of IRI (Li and Goddard, 2005), the 7 runs of ECHAM4.5-MOM3 coupled GCM (DeWitt, 2005), and the 15 runs of NCEP CFS model (Saha et al., 2006), each initialized on April 1st. Downscaling to daily station rainfall is carried out stochastically using a 2-tier resampling scheme  based on using gridded regional-scale seasonal-average and daily winds at 850 and 200 hPa as predictors in a k-nearest neighbour algorithm (Moron et al., 2007b). Basically, the seasons are first sampled based on the similarity between each GCM run and ERA-40 used as a library (but the year to be forecast is systematically excluded from the library) and then days are stochastically resampled in the seasons pooled from the first step. Each run is processed independently at this step and 5 daily sequences at local scale are extracted for each of them. The onset is then recomputed on resampled sequences and the standardized observed and simulated SAI is shown in Figure 3a with the observed one. 

The hindcast skill in terms of anomaly correlation coefficient between observed and ensemble-mean hindcast SAIs equals 0.84 (ECHAM-CA), 0.78 (CFS) and 0.70 (ECHAM-MOM). Fig. 3b shows the ranked probability skills score (RPSS) for tercile categories using the whole distribution of 120 (ECHAM-CA), 75 (CFS) and 35 (ECHAM-MOM) simulations of SAI.  Median RPSS equals respectively 60% (ECHAM-CA), 23% (CFS) and 42% (ECHAM-MOM).

4. Conclusion

Our results demonstrate substantial predictability in rainy season (monsoon) onset date over the western Philippines that is robust across retrospective forecasts made with three current seasonal prediction GCM systems, based on an agronomic definition of onset, averaged over 38 stations. If the more localized definition of onset used by PAGASA is used, based on 8 stations, then the ACC scores decrease to 0.50-0.55. This decrease is likely to be a function of the station-scale noise component evident in Fig. 2a, and highlights the importance of defining onset from some optimal combination of predictability and end-user perspectives, depending on the specific application.
Regarding the source of predictability, Fig. 3c shows the correlations between the SAI onset date and March SST (i.e., the month prior to initialization of the forecasts). The pattern exhibits strong correlations over the Tropical central and eastern Pacific typical of ENSO. However, the correlations are also very high (up to –0.8) over the northwestern Tropical Pacific, suggesting the role of regional processes as well.  Further work is required to explore potential improvements through multi-model ensemble of GCMs and empirical models, to determine the most appropriate definitions of onset for applications in the Philippines, and to investigate any additional predictability of onset associated with intraseasonal oscillations. .  
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Figure 1 : Cluster analysis of the mean annual cycle of daily station rainfall (= daily average across the years of the frequency of occurrence of wet days > 1 mm low-pass filtered < 1/30 cycle-per-day) into two clusters using k-means. Panel (a) shows the resulting partition of the stations, with the mean seasonal evolution of rainfall at each station in the two sets of station plotted in panels (b) and (c). The bold line denotes the station average. Figure 2 : (a) Mean onset date for stations in the western cluster in Fig 1a.  (b) Standardized interannual time series of onset date for each station (dots) with the spatial average (i.e. the Standardized Anomaly Index, SAI) (bold line with circles).

Figure 3 : (a) Downscaled retrospective GCM forecasts of the SAI of onset date. (b)  The Ranked Probability Skill Score (RPSS). Key: station observation (black), ECHAM4.5-CA two-tier model (green), NCEP CFS (blue), and ECHAM4.5-MOM3 (red). The RPSS below – 100% are reset to –100%. (c) Correlations x 100  between the observed SAI of onset date and monthly sea surface temperatures in March. Contours are displayed at 30 intervals.


