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1. Introduction

The Madden-Julian Oscillation (MJO) is the most prominent mode of tropical intraseasonal variability in
the climate system (Madden and Julian 1994; Lau and Waliser 2005; Zhang 2005; Jones and Carvalho 2006;
Jones 2009; Jones and Carvalho 2011a). Important linkages have been found between the MJO and
precipitation variability including occurrences of extreme events (Jones et al. 2004; Donald et al. 2006).
Significant signals have been shown over the contiguous United States (CONUS) (Mo and Higgins 19983,
1998b; Mo 1999; Higgins et al. 2000a; Jones 2000; Bond and Vecchi 2003; Becker et al. 2011; Ralph et al.
2011; Zhou et al. 2011).

The present study focuses on the MJO and occurrences of precipitation over the CONUS during boreal
winter. This problem is investigated by considering two joint properties: intensity and spatial extent of
extreme precipitation. The following questions are investigated: 1) What is the probability of extreme
precipitation over the CONUS when the MJO is active? 2) Does the spatial-intensity probability of extreme
precipitation associated with the MJO significantly vary with ENSO? 3) Do probabilities of spatial-intensity
characteristics of extreme precipitation over the CONUS vary with MJO phases? 4) Are large amplitudes of
the MJO associated with high probabilities of extreme precipitation over the CONUS?
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December, 1979-2010. Figure 1 o, -
shows the mean daily =L . . IS
precipitation over the CONUS o s . e

during boreal winter seasons
defined from 1 November to 31
March (1979-2010). In the
western CONUS, mean
precipitation exceeds 2 mm day™ and shows large gradients associated with topographic features over the
Coastal Ranges, Sierra Nevada and Rocky Mountains. In contrast, the mean winter precipitation in the eastern
CONUS shows smooth horizontal gradients and maximizes over the southeastern States. To make the
presentation manageable, the CONUS is divided into six sectors: southwest (SW), central-south (CS),
southeast (SE), northwest (NW), central north (CN) and northeast (NE). The spatial-intensity characteristics

Fig. 1 Mean precipitation during 1 November - 31 March, 1979-2010 (1 mm
day™® interval). Thick solid lines indicate six sectors dividing the
continuous United States (CONUS).
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method discussed in Jones (2009)
and Jones and Carvalho (2011b).

The spatial-intensity variability
of extreme precipitation in the
CONUS is analyzed by first
identifying extreme events in daily
gridded precipitation. Two thresholds
of daily precipitation intensity are
used: exceeding the 75" and 90"
percentiles. In additional, the spatial
extent of extreme precipitation is
analyzed by considering the frequency distribution of areas. Regions of spatially connected gridpoints in
which precipitation exceeds the 75" or 90" percentiles are identified. In summary, two types of contiguous
regions of extreme precipitation (hereafter CREP) are analyzed. Type I: intensity of precipitation and size
exceeds the 75" percentiles of frequency distributions. Type II: intensity and size exceed the 90" percentiles
of the frequency distributions.

3. The MJO and probabilities of CREPs

This section presents a quantitative analysis of probabilities of CREP occurrences and relationships with
the MJO. To make the presentation more manageable, the results are aggregated for each CONUS sector. We
define fractional area as the area of the sector covered by CREPs divided by the total area of the sector. The
calculation for each sector considers the area of the CREP contained within the sector. Likewise, intensity is
defined as the total precipitation associated with CREPs falling in each sector.

Fractional Area of COMUS Sectors

Fig. 2 Joint Probabilities of 75" percentile CREP during active and
inactive MJO days. Panels are for each sector in the CONUS.
Solid lines with squares show joint probabilities that the
fractional area of the sector due to 75" percentile CREPs
exceeds a given threshold (horizontal axis; percentages) and the
NJO being active (in any phase). Solid lines show joint
probabilities that the fractional area of the sector due to 75"
percentitle CREP exceeds a given threshold and the MJO being
inactive.

Figure 2 shows joint probabilities that the fractional area in each sector associated with 75" percentile
CREPs exceeds specific thresholds (horizontal axis) and the MJO is active (in any phase). Similarly, joint
probabilities for fractional area exceedance and inactive MJO days are plotted. Over the NW CONUS, for
instance, the probability that the MJO is active and the sector is covered by more than 10% with 75"
percentile CREPs is about 0.33. In contrast, the joint probability for the NW sector being covered by more
than 10% CREPs during inactive MJO days is ~0.14. As the thresholds of fractional area increase, the joint
probabilities decrease. The joint probabilities are significantly higher when the MJO is active than in inactive
days. Joint probabilities decrease slower over the NW, NE and SE sectors relative to the CN and CS sectors,
probably because precipitation over the central CONUS is not too intense during winter and weather systems
quickly move eastward over those regions.

Joint probabilities of precipitation intensity and active (inactive) MJO days associated with 75™ extremes
are shown in Fig. 3. The joint probabilities are at least twice higher when the MJO is active than during
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contiguous  regions of extreme
precipitation (CREPS): intensity and
spatial extent exceeding the 75" and
90"  percentiles of  frequency
distributions. Extreme precipitation
occurs twice more frequent when the
MJO is active than inactive. Joint
probabilities of fractional area of
CONUS sectors when the MJO is
active are 2.0-2.5 higher than probabilities during inactive days for both 75" and 90" percentiles CREPs
(similarly for intensity of CREPS). Probabilities of fractional area of 75" percentile CREPs when the MJO is
active in neutral ENSO are higher than during warm or cold ENSO. Joint probabilities of fractional area
during MJO and warm ENSO are higher than MJO and cold ENSO and statistically significant over southern
sectors. Results are similar for joint probabilities of intensity exceedance and MJO activity in warm and cold
ENSO phases. Proportions of 75" and 90" percentile CREPs for each sector and phase of the MJO are
predominantly large when MJO convective signals are over the central Indian Ocean or western Pacific.
Probabilities of fractional area of 90" percentile CREPS conditioned on MJO phases, however, do not show
clear predominance. This indicates that the MJO is not the sole player in the occurrences of CREPs. Lastly,
this study concludes that probabilities of fractional area and intensity of 75" and 90" percentile CREPs in the
CONUS do not depend on the amplitude of the MJO.
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Fig. 3 Joint Probabilities of 75" percentile CREP during active and
inactive MJO days. Panels are for each sector in the CONUS.
Solid lines with squares show joint probabilities that the
precipitation intensity in the sector due to 75" percentile CREPs
exceeds a given threshold (horizontal axis; mm day™) and the
MJO being active (in any phase). Solid lines show joint
probabilities that the precipitation intensity in the sector exceeds
a given threshold and the MJO being inactive.
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