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1. Introduction

The subtropical anticyclones in the Northern Hemisphere (NH) are better defined and stronger in the boreal summer than in winter (Figure 1). Our current understanding is that monsoon heating over the adjacent continents is the principal driver of the northern anticyclones during the summer season, while orographic effects on the trade easterlies and mid-latitude westerlies become dominant during the winter season [Rodwell and Hoskins, 2001, hereafter RH01]. RH01 argued that the equatorward portion of each subtropical anticyclone is the Kelvin wave response to the monsoon heating over the continent to the west, with the poleward flowing low-level jet required to satisfy Sverdrup balance. A Rossby wave response to the monsoon heating over the continent to the east produces adiabatic descent to the west, where Sverdrup balance demands the existence of an equatorward low-level jet closing off the subtropical anticyclone on its eastern flank. Other effects such as air-sea interaction processes are also identified to play roles in driving subtropical anticyclones in the summer season [e.g., Seager et al. 2003]. 

The subtropical anticyclones in the Southern Hemisphere (SH) show a qualitatively different behavior (see Fig. 1). The southern anticyclones remain quite strong in the winter season unlike their counterparts in the NH. Over the Atlantic and Indian Ocean basins, in particular, the southern subtropical anticyclones are stronger in the austral winter than in summer. One could argue that the southern hemisphere is mostly ocean-covered, and hence monsoon effects in the warm season are weaker than in the NH. The orographic effects are particularly pertinent to the South Pacific anticyclone since the Andes along the western coast of South America are high and have strong slopes. However, topography over the southern Africa and Australia is much lower and has a weaker blocking effect on the mean westerly flow [Richter and Mechoso 2004; 2006]. Therefore, the orographic effects on the South Atlantic and South Indian anticyclones are relatively weak. 

An important conclusion is that some revision of the conceptual model of RH01 might be required in addressing the generation of the southern subtropical anticyclones. Recent studies with numerical models provide new insights on this issue. Wang et al. [2010] using an atmospheric general circulation model (AGCM) demonstrated that during the northern summer (i.e., southern winter), deep convection above the western hemisphere warm pool (WHWP) could produce adiabatic subsidence over the Southeastern Pacific, and thus strengthen the South Pacific subtropical anticyclone and the equatorward low-level jet over the southeastern tropical Pacific dynamically required by Sverdrup vorticity balance. Wang et al. [2010] interpreted this interhemispheric connection as a seasonal Hadley cell enhanced by ascending motion over the WHWP. They also used a simple two-level atmospheric model linearized about a specified background mean state [Lee et al. 2009] to find that the inter-hemispheric connection between the WHWP and the South Pacific subtropical anticyclone depends critically on the configuration of the background mean zonal winds in the Southern Hemisphere. Richter et al. [2008] demonstrated a similar interhemispheric connection between the African and Indian monsoon and the South Atlantic subtropical anticyclone.  These authors compared simulations by two versions of the University of California, Los Angeles (UCLA) AGCM that reproduce climate features with significantly different success. Their results suggest the existence of links between intensity and structure of the wintertime South Atlantic subtropical anticyclone and the major summer monsoons in the Northern Hemisphere. 
The present study revisits the conjectures of Wang et al. [2010] and Richter et al. [2008]. Our goals are to clearly isolate and quantify the interhemispheric influence on the southern subtropical anticyclones during the austral winter, and to further understand the underlying mechanism. To achieve these goals, a suit of specially designed experiments is performed using an AGCM. 

2. Model Experiments

Here, we revisit the interhemispheric influence on the southern subtropical anticyclones by means of control simulations and sensitivity experiments as in Richter et al. [2008] and Wang et al. [2010], but in a more idealized framework. Our strategy is to clearly isolate and quantify the interhemispheric influence on the South Atlantic anticyclone from other known mechanisms, especially the role of orography and monsoon heating-induced circulations [Rodwell and Hoskins 2001; Chen 2003]. 

To achieve this goal, the NCAR Community Atmospheric Model version 4 (CAM4) is modified and used. CAM4 is a global atmosphere-land model with prescribed sea surface temperature and sea ice cover [Neale et al. 2012]. The finite volume dynamic core is used with the horizontal resolution of 2.5( (zonal) ( 1.9( (meridional) and with 26 hybrid sigma-pressure layers. CAM4 is modified to minimize interhemispheric exchanges of mass, heat and moisture by synchronizing the seasonal cycles in the external and boundary forcing in both hemispheres. This is achieved by shifting the daily insolation at the top of the atmosphere (TOA) and the global sea surface temperatures (SSTs) and sea ice cover in the NH by 6 months. Figure 2 shows the TOA daily insolation in the control experiment (AMIP_CTRL), the synchronized interhemispheric seasonal cycle model experiment (AMIP_SYNC) and the difference between the two experiments. As shown, the TOA external forcing in the NH is synchronized to that of the SH in AMIP_SYNC. It is important to note that the TOA external forcing and the boundary forcing at the surface in the SH are unchanged from the control experiment, thus the difference in the SH between the two experiments (i.e., AMIP_CTRL - AMIP_SYNC) represents the net interhemispheric influence during the NH summer. Each ensemble consists of fourteen model integrations that are initialized with slightly different conditions to represent intrinsic atmospheric variability. 

3. Results

Figure S1 in the auxiliary material
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