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1. Goals, objectives and progress

The present proposal aims to reconcile different ideas on the generation and maintenance of the southern Atlantic and Pacific highs, gain a better understanding of these important climate features and their variability, and contribute to improve their simulation by CGCMs through identification of reasons for systematic model errors in the tropics. With these goals in mind, we propose to concentrate on four questions in the framework of the coupled atmosphere-ocean system: 

· How is the South Atlantic anticyclone during the southern winter connected with the West African and Asian monsoons?

· How significant are the interhemispheric influences of the Atlantic Warm Pool on the southeastern Pacific?

· In the Southern Hemisphere, do atmospheric-ocean interactions contribute significantly to the links between monsoons and subtropical highs?

· Has the recently reported change in the relationship between Atlantic and Pacific Niños affected the variability of the southern subtropical highs?

In the first year of this project (January 1 2011 – December 31 2011), to tackle the first two questions, we have performed several ensemble experiments using the NCAR community climate system model (CCSM) and UCLA CGCM, as summarized in Table 1. We are currently analyzing these model results. Preliminary results from our on-going analysis are briefly described below. 

Table 1. Ensemble model experiments performed during the year-1. All AMIP (e.g., AGCM experiments with prescribed SSTs) simulations, except AMIP_SYNC, are performed using both CCSM and UCLA model. AGCM-SLAB (e.g., AGCM is thermally coupled to a slab mixed layer ocean model) coupled model experiments are carried out with CCSM, while two partially coupled experiments are performed only with UCLA model. In the year-2 of the project, all of the model experiments listed here will be completed with both CCSM and UCLA model. 

	Experiments
	Models
	Descriptions

	AMIP_CTRL 


	CCSM  UCLA
	The model’s monthly SSTs are prescribed using the climatological global SSTs obtained from Hadley Center SST for 1971-2000.

	AMIP_SYNC


	CCSM  
	The model run is designed to remove interhemispheric influence from the NH to the South Atlantic and South Pacific anticyclones during Southern winter. This experiment is identical to CCSM_AMIP_CTRL except that the downward solar radiation at the top of the atmosphere (TOA) and the SSTs are time-shifted by 6 months only in the NH. 

	AMIP_NAWP


	CCSM  UCLA
	This experiment is identical to CCSM_AMIP_CTRL except that the seasonal onset of the Atlantic warm pool (AWP) is removed by keeping the AWP SST in the Atlantic region of 5oN-30oN and 100oW-40oW below 26oC in all months. 

	AMIP_LAWP


	CCSM  UCLA
	This experiment is identical to CCSM_AMIP_CTRL except that UCLA model is used.

	AMIP_SAWP
	CCSM  UCLA
	This experiment is identical to CCSM_AMIP_CTRL except that UCLA model is used.

	SLAB_CTRL


	CCSM 
	This experiment is identical to CCSM_AMIP_CTRL except that the atmospheric model is thermally coupled to a slab ocean model outside of the Atlantic warm pool region (5oN-30oN and 100oW-40oW).

	SLAB_NAWP


	CCSM 
	This experiment is identical to CCSM_SLAB_CTRL except that the seasonal onset of the Atlantic warm pool (AWP) is removed by keeping the AWP SST in the Atlantic region of 5oN-30oN and 100oW-40oW below 26oC in all months.

	PCPL_CTRL


	UCLA
	This is a partially coupled UCLA model simulation. The model is fully coupled (atmosphere-land-ocean) except in the Atlantic basin where the climatological SST is prescribed to force the atmospheric model component. 

	PCPL_LAWP


	UCLA
	This is identical to UCLA_PCPL_CTRL except that the AWP SSTs in the Atlantic region of 5oN-30oN and 100oW-40oW are obtained from the composite SST of large AWP years following Wang et al. [2008]. 


2. Synchronized Interhemipsheric Seasonal Cycle Model Experiment 
Richter et al. [2008] used an AGCM to study the dynamics of the South Atlantic anticyclone by means of control simulations and experiments to investigate sensitivity to various known factors that affect the Northern anticyclones. Their results suggest the existence of links between intensity and structure of the wintertime South Atlantic anticyclone and the major summer monsoons in the Northern Hemisphere. Here, we revisit this hypothesis by means of control simulations and sensitivity experiments as in Richter et al. [2008], but with a different AGCM and a different model design. 

The main goal is to design a series of AGCM model experiments to clearly isolate and quantify the interhemispheric influence on the South Atlantic anticyclone from other known mechanisms, especially the role of orography [Seager et al. 2003], monsoon heating-induced circulations [Rodwell and Hoskins 2001; Chen 2003]. To achieve this goal, we attempt to cut off interhemispheric exchanges of mass, heat and moisture on seasonal time scale by synchronizing the seasonal cycles of the external and boundary forcing in the NH to those of the SH. This is achieved by shifting the top of the atmosphere (TOA) downward solar radiation and the global SSTs in the NH by 6 months. Figure 1 shows the TOA clearsky net solar radiation 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 sea surface in the SH are unchanged form the control model experiment, thus the difference in the SH between the two model experiment (AMIP_CTRL - AMIP_SYNC) represents the net effect of interhemipsheric influence on the SH. 
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Figure 1. TOA clearsky net solar radiation in (a) the control experiment (AMIP_CTRL), (b) synchronized interhemispheric model experiment (AMIP_SYNC) and (c) the difference between the two experiments.

Figure 2 shows the velocity potential and divergent winds at 200mb obtained from AMIP_CTRL, AMIP_SYNC and AMIP_CTRL – AMIP_SYNC averaged for JJA and ASO. In AMIP_CTRL, the rising motion is centered over the India and over the Caribbean Sea. The sinking motion splits into one centered over the South Atlantic and the other over the Southeastern Pacific. The geographic segregation of the two sinking centers is much more clear in ASO compared to that in JJA. 
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Figure 2. Velocity potential and divergent winds at 200mb obtained from AMIP_CTRL, AMIP_SYNC and AMIP_CTRL – AMIP_SYNC for JJA and ASO. 

In AMIP_SYNC, the rising motion is much weaker and confined to the equatorial Indian and west Pacific Ocean where seasonal cycle of the underlying SST is relatively weak. The sinking motions over the Southeastern Pacific and South Atlantic are also much weaker. Interestingly, the center of the sinking motion over the South Atlantic is shifted to the east. The difference in velocity potential between the two experiments further shows that the sinking motion over the Southwestern Atlantic region is strongly influenced by the rising motion over the Caribbean Sea. Therefore, it appears that the lack of diabatic heating the Caribbean Sea in AMIP_SYNC greatly reduces the sinking motion over the Southwestern Atlantic and thus pushes the center of the South Atlantic sinking motion to the east in AMIP_SYNC. 
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Figure 3. Sea level pressure obtained from AMIP_CTRL, AMIP_SYNC and AMIP_CTRL – AMIP_SYNC for JJA and ASO.

Consistent with the reduced subsidence over the Southwest Atlantic, the South Atlantic sea level pressure is generally weakened in AMIP_SYNC during JJA (Figure 3). In other words, the interhemispheric influence associated with the monsoon in the NH increases the subsidence over the Southwest Atlantic and thus contributes to the South Atlantic anticyclone. 
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Figure 4. Vertically integrated moisture transport and convergence obtained from AMIP_CTRL, AMIP_SYNC and AMIP_CTRL – AMIP_SYNC for JJA and ASO.
Obviously, an important question is why the African-Asian monsoon enhances subsidence over the Southwest Atlantic. A preliminary analysis suggests that the seasonal onset of the West African monsoon help reduce the moisture transport and convergence onto the Southwest Atlantic, thus reduce deep tropical convection there (Figure 4). Further diagnosis of the CCSM model experiments and similar experiments with UCLA model are planned in the year-2 of the project.

3. How significant are the interhemispheric influences of the seasonal Atlantic Warm Pool onset on the southeastern Pacific?

A recent work by Wang et al. [2010] emphasized connections between the South Pacific subtropical high and convection over the AWP (AWP; warm surface water in regions comprising the Gulf of Mexico, Caribbean Sea, and the western tropical North Atlantic). This paper demonstrated the establishment of interhemispheric connections through a regional Hadley circulation emanating from the AWP and sinking over the subtropical southeastern Pacific. Such Hadley circulation is strengthened (weakened) by anomalously large (small) AWPs. The interhemispheric connection helps explain why stratus clouds in the southeastern Pacific peak in the southern spring and not in the summer, when the South American monsoon system is in full strength.

We plan to further investigate the AWP-Southeastern Pacific connection, proposed in Wang et al. [2010], for seasonal, interannual and multidecadal times scales by using thermally coupled and fully coupled GCMs. Here, we will briefly summarize our findings on the seasonal AWP-Southeastern Pacific connection in a thermally coupled GCM. As summarized in Table 1, we performed two experiments using CCSM coupled to a slab mixed layer ocean model. In the control simulation (SLAB_CTRL), the atmospheric model is thermally coupled to a slab ocean model outside of the AWP region (5oN-30oN and 100oW-40oW), whereas SSTs over the AWP region are prescribed using the climatological global SSTs obtained from Hadley Center SST during 1971-2000. The second experiment is identical to SLAB_CTRL except that the seasonal onset of the AWP is removed by keeping the AWP SST in the Atlantic region of 5oN-30oN and 100oW-40oW below 26oC in all months (SLAB_NAWP).

Figure 5 clearly shows that the sea level pressure in the Southeastern Pacific is reduced in SLAB_NAWP, consistent with Wang et al. [2010].  As shown in Figure 6c, the seasonal onset of the AWP induces rising motions over the Caribbean Sea and sinking motions in the tropical Pacific. It is clear that the AWP-induced increased sinking motion over the South Pacific causes the increased sea level pressure in the Southeastern Pacific as concluded in Wang et al. [2010]. Therefore, it appears that the AWP-Southeastern Pacific connection exists in seasonal time scale. We also find that SST is reduced and the low-level cloud fraction is increased in response to the AWP-Southeastern Pacific connection (not shown). This suggests that the AWP-Southeastern Pacific connection is strengthened by SST-low-level cloud positive feedback on seasonal time scale. Further diagnosis and comparison with AMIP_CTRL and AMIP_NAWP simulations are planned in the year-2 of the project to further explore the importance of the local feedback. 
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Figure 5. Sea level pressure obtained from SLAB_CTRL, SLAB_NAWP and SLAB_CTRL – SLAB_NAWP for JJA and ASO.
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Figure 6. Velocity potential and divergent winds at 200mb obtained from SLAB_CTRL, SLAB_NAWP and SLAB_CTRL – SLAB_NAWP for JJA and ASO.
4. Interhemipsheric influence of large and small Atlantic Warm Pool in two AGCMs

Teresa can prepare this section. 

5. What is the role of atmospheric-ocean interactions in the interhemipsheric influence of Atlantic Warm Pool on the Southeastern Pacific?

Teresa and Heng can prepare this section. 

6. Summary and future plan

We need to discuss.

7. Publications

We were quite productive in term of publication in 2011. The following is the list of 17 publications by the PIs of the project (R. Mechoso, S.-K. Lee, and  C. Wang) on the subject of Pacific and Atlantic climate and modeling during 2011. 
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