An L1 Observatory to Explore Synergism in the Earth-Sun System
Over a layer of atmospheric gases a mere 100 km thick, the Earth-Sun system evolves from one driven largely by local processes – internal variability modes (ENSO, NAO, QBO), anthropogenic emissions (GHGs, CFCs, industrial aerosols) and volcanic aerosols – to one driven externally, by variations in the Sun’s energy output. Extending even further outwards, the Earth-Sun system evolves from one driven largely by solar electromagnetic radiation changes (in the region 100 to 500 km) to the space environment where particles and magnetic fields are the dominant cause of variance. 

During the space era, specific regimes of the Earth-Sun system have been explored and characterized in great detail, but largely independently of each other. This is true for both empirical and theoretical investigations. As a result we know much about the troposphere, stratosphere, mesosphere, thermosphere/ionosphere, magnetosphere and Sun as individual entities but far less about the Earth-Sun system that they compose. A comparison of the sources of variance in global surface temperatures (troposphere), ozone concentrations (stratosphere) and 500 km temperature and density (thermosphere) shown in Figures 1, 2 and 3, illustrate how dramatically different are the relevant forcings and responses throughout the Earth’s atmosphere.
The sources of variance identified separately for the troposphere, stratosphere and thermosphere in Figures 1, 2 and 3, are not confined to those specific regions alone. Nor are the atmospheric responses in different regimes isolated from each other. Rather, a continuum of forcings, responses and internal variability modes pervade the entire atmosphere, with different strengths at different altitudes. For example, ENSO is a prominent source of global surface temperature variability (accounting for a few tenths Kelvin global increase during strong El Ninos, Figure 1), but its influence may well extend into the stratosphere (e.g., Sassi et al., 2004) and higher. The quasi biennial oscillation of the tropical stratosphere clearly impacts ozone concentrations (Figure 2), but also likely influences the atmosphere at both lower and higher altitude, extending into the thermosphere. Similarly, the SAO extends through much of the atmosphere, and plays a role in organizing responses to various forcings, but with difference expressions in different regimes. Solar variability is widely recognized at causing major changes in the upper atmosphere and ionosphere, illustrated in Figure 3 by the solar cycle temperature increase of 600 K (primarily from increased electromagnetic radiation). But a possible solar influence on the atmosphere below 100 km was largely dismissed as recently as the late 1970s. Pittock (1978) dismissed as “experiments in autosuggestion” fledgling attempts at that time to link ozone with solar variability. Continuous monitoring in the following twenty five years, in fact revealed that ozone experiences significant variance in response to solar variations (roughly 36% based on the deconvolution in Figure 2), comparable to that of CFCs during the past 25 years. This example of rapid growth in knowledge of the Sun-ozone coupling illustrates the crucial importance of continuous monitoring of the geophysical environment with high fidelity. Furthermore, both analysis and modeling studies concur that solar effects are manifest in the phase of the QBO (McCormack, 2003; Salby and Shea, 2004) and thus may also influence ozone indirectly.
In the last few years, recognition has grown of the need to recognize the Earth’s atmosphere as one system, and that advance in geophysical understanding will result from dissolving the artificial interfaces of existing regimes – and exploring the Earth-Sun system as a whole. Thus, a few general circulation models are now actively developing realistic stratospheric components (instead of the one or two layers assigned to most models used for most climate change simulations thus far, eg in IPCC), Some models – both research (MAGCM, WACCM) and operational (NOGAPS) - are being extended from the Earth’s surface to the lower thermosphere. Simulations with such models expose the coupled dependence of the entire atmospheric system. For example, greenhouse gases, volcanic aerosols and solar radiation are all recognized forcings of direct climate change, but model simulations suggest that they also each have indirect influences via the stratosphere, by altering the vertical and zonal thermal gradients that can affect the NAO, which couples via the polar vortex to the troposphere (Shindell et al., 2001). Furthermore, the northern annual mode, is more localized in the NAO, its the Atlantic expression, during solar activity minima, compared with solar activity maximum when its longitudinal extent expands (Kodera, 2002). In another example, the transport of odd nitrogen produced by solar soft X- rays near 100 km, can deplete ozone during the polar night thereby coupling the lower thermosphere and stratosphere. A direct coupling of the lower thermosphere and troposphere occurs via the global electric circuit, which is maintained in the upper layers by solar ionization.
Observations of the same geographical regions at different altitudes at the same time are a necessary first step in studying the Earth-Sun system as a single unit. Such observations will enable new understanding of where, when and how forcings, responses and variability in the lowest atmospheric layers, segue into the quite different forcings, responses and variability of the upper atmosphere. Time- and space-contiguous images will illustrate where atmospheric layers are coupled with each other (or not), and how strongly, during which seasons. Modes of variability will be extracted from separate atmospheric layers, and compared throughout the entire atmosphere to characterize vertical coupling and quantify the mechanisms.
Goal:

JANUS’s goal is to explore the vertical synergism of spatial and temporal variability within the Earth-Sun system. JASON will make unique first global scale measurements simultaneously throughout the extended atmosphere (0-300 km), concurrent with the solar energy outputs that control the upper layers.

Specific Objectives:

· Quantify the instantaneous state of the Earth’s atmosphere simultaneously in time and space over a wide range of altitudes, repeatedly over different seasons and for a range of solar activity.
· Characterize the variance in individual layers and geophysical parameters instantaneously over the sun-lit portion of the globe (add a few key science questions here about individual layers).
· Specify the nature and magnitude of response in upper layers to solar forcing by electromagnetic and particle radiation and the solar wind (e.g., Mike Picone’s objectives; space weather focus).
· Explore vertical linkages by statistically comparing variability modes among different regimes and geophysical quantities (e.g., NO – from Dave Siskind)
· Quantify the nature and extent of penetration of downward forcing by solar variability from upper to lower regions of the Earth’s atmosphere (can add some specific science questions here).
	Region
	Geophysical Quantities
	Spatial Resolution
	Temporal Cadence

	Thermosphere
	O2, O, N2, temperature
	
	

	Mesosphere
	O2, O3, NO
	
	

	Stratosphere
	O2, O3, N2O, temperature ??, volcanic aerosols ??
	
	

	troposphere
	O2, O3, H2O, temperature ??, industrial aerosols
	
	


There are plans to measure many geophysical quantities relevant to understanding the causes of variance in the Earth system. For example, operational monitoring by NPOESS will observe key quantities from earth-orbiting spacecraft – temperature, radiation budget, ozone, solar total and spectral irradiance (longer than 200 nm) et etc. (list more). The NPOESS observations are planned to commence around 2010-2012. Living with a Star plans to measure aspects of solar variability, but lacks both a coronagraph (and is therefer4e unable to detect coronal mass ejections) and spectral irradiance observations below 5 nm. These various observations will complement and enhance JANUS observations, which will, in term, provide a unique and previously unavailable, global context.
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