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Key Points:
A new ocean-mixed-layer
con“guration of the MetUM is used
to investigate air-sea interactions and
precipitation extremes
Air-sea coupled feedbacks reduce the
frequency, intensity, and persistence
of tropical precipitation extremes
Existing atmosphere-only
experiments are likely to
overestimate the intensity and
persistence of tropical precipitation
extremes
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Tropical Precipitation Extremes

L. C. Hirong:-2 &, N. P. Klingamant 2, and S. J. Woolnought

IDepartment of Meteorology, National Centre for Atmospheric Science, University of Reading, Reading, Berkshire, UK,
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Abstract The impacts of air-sea interactions on the representation of tropical precipitation extremes are
investigated using an atmosphere-ocean-mixed-layer coupled model. The coupled model is compared to
two atmosphere-only simulations driven by the coupled-model sea-surface temperatures (SSTs): one with
31 day running means (31 d), the other with a repeating mean annual cycle. This allows separation of the
effects of interannual SST variability from those of coupled feedbacks on shorter timescales. Crucially, all
simulations have a consistent mean state with very small SST biases against present-day climatology. 31d
overestimates the frequency, intensity, and persistence of extreme tropical precipitation relative to the
coupled model, likely due to excessive SST-forced precipitation variability. This implies that atmosphere-
only attribution and time-slice experiments may overestimate the strength and duration of precipitation
extremes. In the coupled model, air-sea feedbacks damp extreme precipitation, through negative local
thermodynamic feedbacks between convection, surface "uxes, and SST.

1. Introduction

Tropical precipitation extremes affect the livelihoods of billions of people: from severe "ooding caused by
the most extreme heavy rainfall events,such as that seen in southern India in November...December
2015,to severe drought caused by an unseasonal lack of rainfall,such as in southern Africa in December
2015. These extremes present a signi“cant ongoing challenge to water resource planning.

General circulation models (GCMs), which are our best tools for understanding current and future changes
in tropical precipitation extremes, generally agree that anthropogenic climate change is affecting the fre-
quency and intensity of extremes (Senevirante et al., 2012). However, there remains considerable intermo-
del spread in the projected increase of precipitation extremes (Kharin et al., 2013), especially in the tropics
(OsGorman, 2015; OsGorman & Schneider, 2009), where models often also underestimate the present-day
frequency of extreme precipitation (e.g., Allan & Soden, 2008; Asadieh & Krakauer, 2015).

Much of the uncertainty in projections of tropical precipitation extremes ultimately stems from de“ciencies

in current, state-of-the-art GCMs. For example, deep convective systems, which produce the majority of
tropical extreme rainfall, are not well represented (Rossow et al., 2013). Changes in tropical precipitation
extremes have been shown to be more sensitive to changes to the model physics (e.g., to the convective
parameterization) than a signi“cant future warming perturbation (Wilcox & Donner, 2006).

Many studies investigating regional changes in tropical precipitation use atmosphere-only GCMs (AGCMs)
with prescribed sea-surface temperatures (SSTs; e.g., Coppola & Giorgi, 2005; Deser & Phillips, 2009; Kop-
parla et al., 2013). However, such studies neglect two-way interactions between the atmosphere and the
ocean. Not only can SST anomalies in"uence the stability of the atmospheric boundary layer and hence the
strength and location of convection, but, through changing the surface "uxes of heat, moisture, and
momentum, convective events can feedback on the ocean and change SST and ocean strati“cation. Air-sea
interactions have been shown to affect the attribution of decadal precipitation change (e.g., Dong et al.,
2017), as well as the representation of precipitation extremes in many tropical regions (e.g., reducing precip-
itation during peak rainfall in southern Africa; Ratnam et al., 2015).

While such studies suggest that atmosphere-ocean GCMs with full dynamical oceans (AOGCMs) differ from
AGCMs in their distributions of precipitation extremes, these differences are often complicated by large
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