Title of Activity: Predicting High-Impact Climate Extremes – Observations in the Intra-America Sea
Program, Capability, and Theme: Climate Goal
Contact:  Claudia Schmid
Why (Statement of Need/Economic Benefits):
Almost yearly, extreme weather and climate events cause damage to the U.S. economy mounting in the millions, sometime billions of U.S. dollars, and they occur most often during summer in the form of tornadoes, floods, droughts and tropical cyclones. Although El Niño-Southern Oscillation (ENSO) has provided a primary basis for winter climate predictability for some time, including beach erosion and west coast flooding, ENSO has had only a limited direct influence on summer climate when extreme events are most prominent, and where there is mounting evidence that summer climate depends on both the Pacific and Atlantic influences together. For example, preliminary assessments including work done at ESRL with AGCM experiments (Hoerling and Kumar) point to the importance of a warm North Atlantic conjoined with the cool tropical Pacific in explaining the severe southeast drought in 2007, or vice-versa in other years. Recent research (e.g., Ruiz-Barradas and Nigam 1997, Wang et al. 2006, 2007, 2008; Mestas-Nuñez et al. 2007) points out the importance of the western tropical Atlantic including the Intra-Americas Sea (IAS = Caribbean + Gulf of Mexico), where summer SSTs exceed 28°C and support deep convective processes, and low-level wind jets funnel moisture into the US east of the Rocky Mountains. 

In the IAS region in summer, the Western Hemisphere warm pool (WHWP) is overlain by mean easterly winds on the southern limb of the North Atlantic Subtropical High (NASH). These winds sweep Atlantic moisture and tropical cyclones westward through the Caribbean and Gulf of Mexico where the tropospheric structure becomes further destabilized by warm SSTs, and from there northward across the Gulf coast. The size of the summer WHWP can undergo year-to-year changes from half to triple the normal area circumscribed by the 28°C isotherm, and these fluctuations are strongly correlated with changes in the NASH, the formation of Tropical Upper Tropospheric Troughs (TUT), the Intra-Americas Low-Level Jet (IALLJ) and the vertical wind shear and moist static instability that govern tropical cyclone development. They have also been shown to affect the flow of moisture from the IAS into the Great Plains via the Great Plains Low-Level Jet (GPLLJ), an important element in the formation of tornadoes. 

The warm pool naturally interacts with and feeds into the longer timescales of the Atlantic Multidecadal Oscillation (AMO) and climate change (ACC). Eighty percent of large (small) WHWPs occur during the warm (cool) phases of the AMO, whilst the WHWP and AMO impacts on rainfall and tropical cyclones look similar, probably because they occur through the warm pool’s effects. The AMO is believed to involve the Atlantic overturning circulation (AMOC; currently a NOAA priority) and the WHWP appears to feed into that cycle through salinity changes. Finally, recent research at GFDL and AOML shows that the role of the WHWP in ACC can be best understood in the context of differential regional warming rates within the global tropics. 

Unfortunately, numerical models – which ultimately hold the promise of blending Atlantic and Pacific ocean-atmosphere variability to produce improved summer forecasts – suffer from known deficiencies such as producing too much rain in the Caribbean, which cascades into fundamental issues such as the simulation and prediction of low-level moisture transports and the tropospheric properties that affect tropical cyclone formation and intensification. One f the keys to improving the models is to adequately monitor the ocean-atmosphere environment of the IAS and to mount a summer field campaign to investigate tropospheric structure and variability down to the diurnal time scale that models must correctly reproduce (e.g., timing of the diurnal convection cycle and wind intensity). Again, unfortunately, upper air soundings in the IAS region have badly deteriorated over the years and ocean observations (CTDs, drifters, Argo floats and/or ocean gliders) from the Caribbean and Gulf of Mexico presently have very poor coverage, even in comparison with decades past. The consequences of this insufficient monitoring can be seen in the deficiencies in atmospheric and ocean reanalyses such as the North American Regional Reanalysis (NARR) and the Simple Ocean Data Assimilation (SODA).

To address these various deficiencies we require a double-edged approach involving improved numerical climate and hurricane models (HWRF) and improved monitoring of the ocean and atmosphere in the IAS region along with observational studies of processes linked to model deficiencies (AOML in cooperation with the national meteorological and hydrological services in IAS countries). This alternative is directed at the latter aspect in partnership with GFDL’s emphasis on the former (separate alternative), both targeted at extreme events.

Why now:
The main reason for doing this now is that a programmatic research framework for managing and using improved monitoring and observations will exist within the time frame of 2011-2014. The Intra-Americas Study of CLImate Processes (IASCLIP) proposed for 2009-2014 was recently endorsed as a new component of the CLIVAR-VAMOS (American Monsoons) program and the Climate Prediction Program for the Americas (CPPA) will announce support for IASCLIP research (not observations) starting in FY09 and the program will continue through 2015. The overarching goal of IASCLIP is to estimate and exploit potential predictability of warm-season weather and climate in the IAS region, mainly on intraseasonal to interannual time scales, based on improved understanding and modeling of relevant physical and dynamical processes. IASCLIP will also seek to link research to societal applications in the region. Three main science issues are identified as targets for IASCLIP: (i) What are the sources and predictability of summertime anomalies in the WHWP? (ii) What are the structure and dynamics of the regional atmospheric circulation and low-level jets? How do the moisture transports depend on and interact with boundary conditions such as the WHWP, land heating, and topography to modulate precipitation and storms? (iii) Within this climate setting, how can predictions of important weather phenomena such as tropical cyclogenesis events within the region be improved? A central focus for tropical cyclones is to better understand and predict the sudden formation and intensification of tropical cyclones within the IAS during the early (June-July) and late (October-November) Atlantic hurricane season. These poorly understood storms typically gestate within mesoscale convective clusters in the IAS and pose a challenge to forecasters because of their short lead times. Moreover, there is clear evidence that the sudden intensification of storms transiting the IAS is linked to upper ocean stratification (heat storage), which is going virtually unmonitored at present by any of the standard in-situ systems that are already deployed in the outer Atlantic, such as drifters, Argo floats and/or ocean gliders. 

How does this relate or contribute to the development of a climate service and the overarching theme?
What (Proposed Actions and Deliverables):
Diagnostics and modeling efforts, including orchestrated assessments of modeling deficiencies and their improvements, will be an ongoing activity in IASCLIP and will be supported by the CPPA under NOAA’s Climate Program Office (CPO). However, the need for enhanced IAS monitoring and a field campaign that will highlight key phenomena, isolate their roots in physical processes, and detect weaknesses in model parameterizations, are not covered under the current NOAA budget structure. It is vital that this issue be addressed for the 2011-2015 time frame. Enhanced monitoring will involve strengthening the upper-air sounding network across the Caribbean, primarily by providing the rawinsonde expendables needed to boost upper air sounding density in the IAS region. In the ocean we need deployments of conventional surface drifters and 750m, Iridium-controlled Argo floats at densities comparable to the existing Atlantic arrays, and/or remote-controlled ocean gliders. In 2011-2012 a field campaign will probably feature a Caribbean air-sea interaction mooring; early and late season ocean cruises; NOAA aircraft flights coordinated with the NOAA Intensity Forecast Experiment (IFEX); supplementary weather measurements on islands too small to affect the diurnal convection in the marine boundary layer and from selected land stations; and the deployment of Autonomous Drifting Ocean Stations (ADOS; essentially conventional drifters outfitted with 150m thermistor chains, barometric pressure and wind direction). 
Deliverables will include:

1) Improved parameterizations in climate/hurricane prediction models by 2015.

2) Improved calibration of ocean hurricane heat potential from satellite altimeters by 2013.

3) Improved knowledge of low-level jet structures and of moisture transports by LLJs by 2013.

4) A much-improved warm pool heat budget and analysis of anomalous warm pool development.

5) Better data assimilation into improved regional reanalyses. 

6) Improved understanding of the impact of the SAL on the atmosphere of the IAS region (e.g. low to mid-level moisture and enhanced vertical wind shear) over time scales ranging from daily to intra-annual to inter-annual.  

We believe the public will be better served by our ability to project warm pool development and summer forecasts of US rainfall and hurricane activity with 1-2 seasons lead time, and that knowledge gained in the field campaign will lead to improved forecasting of short lead time developments of tropical storms and hurricanes that threaten the US mainland. 

Resources Needed:
The projected costs of expanded monitoring (conventional drifters and Argo floats) and intensive observations in a 2011-2012 field campaign (rawinsondes, ADOS drifters, ocean gliders) will project approximately as follows (table):

ALTERNATIVE BUDGET  - includes evolution into atmospheric climate monitoring network
	Major Cost Categories (x $1,000)
	FY 09 PB
	FY 10
	FY 11
	FY 12
	FY 13
	FY 14
	FY 15

	FY 09 PB PROFILE (base funding) 
	
	
	
	
	
	
	

	Cost breakdown of $ requested (by Object Class Category*)


	Rawinsondes (120days x 8 stns+extras)

Regional Pilot balloon measurements

Surface and  measurements on small islands
	
	   150

50

50
	   350

50

50
	350

50

50
	300

50

50
	300

50

50
	300

50

50

	Conventional drifters 
	
	50
	36
	36
	72
	72
	72

	ADOS drifters (half density)
	
	
	120
	120
	
	
	

	Argo floats (750m)
	
	440
	440
	150
	150
	150
	150

	Ocean gliders (4 Carib, 2 Gulf)
	
	
	
	1250
	1250
	
	

	NOAA AOL missions for IASCLIP
	
	100
	300
	500
	
	
	

	XBT deployment (4 transects)
	
	400
	400
	400
	400
	400
	400

	TOTAL
	
	1240
	1746
	2906
	2322
	1072
	1072

	DELTA FROM FY09 PB
	
	840
	2146
	3706
	1922
	672
	672


The above costs include the physical systems plus the cost of shipping them to distribution points such as ports around the Caribbean where they would be deployed from VOS ships or regional research vessels. 

Who and Where (Execution Plan): 

All of the ocean hardware can be deployed from ships of opportunity. Some of them (gliders) can be controlled remotely and recovered. Iridium-controlled Argo floats can be reprogrammed to avoid many grounding risks. Aircraft flights coordinated with HRD will typically last for 3 days each with logistical support in Barbados and sampling of pressure, temperature, humidity, vector wind and rain using GPS dropsondes and airborne Doppler radar; one flight each at the beginning and end of the 2011 hurricane season and two flights each at the beginning and end of the 2012 season. The extra rawindsondes will be released daily from several existing sounding stations around the IAS during the field campaign (see figure). Reinforcement of existing raob sites at Barranquilla Colombia and San Andres Island (Western Caribbean will be especially helpful, as will the establishment of several special surface stations (white dots).

[image: image1.wmf]
When (Schedule and Milestones):
As shown in the table, with some seeding of drifters and floats in 2010 (monitoring startup), addition of rawinsondes, ADOS drifters and gliders during the field campaign (2011-2012), along with NOAA P-3 Orion and/or G-IV jet overflights, and the continuation of monitoring beyond 2012 using drifters and Argo floats. If possible, it would be desirable to get some of these enhancements started as early as FY10, such as the additional surface stations ($50K/yr).
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