
Anisotropic Large-Scale Turbulence and Zonal Jets in Flows With Beta-EffectPRIVATE 

Barotropic two-dimensional turbulence with Rossby waves is distinguished by strong anisotropy and energetic zonal jets in alternating directions. Flows on the beta-plane and in thin shells on the surface of a rotating sphere develop strongly anisotropic spectrum with steep, n^(-5), slope for the zonal flows and Kolmogorov-Kraichnan, n^(-5/3), slope for the residuals. The n^(-5) zonal spectrum was found on the outer planets of our solar system, both with regard to its slope and the amplitude. This spectrum can be used to analyze some basic characteristics of large-scale circulations on giant planets and for interplanetary comparisons. Recently, it was found that the mid-depth ocean currents in the North Pacific ocean also develop a system of alternating zonal jets and build up the same n^(-5) and n^(-5/3) zonal and residual spectral distributions. Similar subsurface jets were found in other terrestrial oceans using other eddy-permitting models. The alternating zonal flow signature has also been found in currents maps deduced from satellite altimetry data. The main characteristic of the planetary and oceanic flows under consideration is the smallness of their Burger number, Bu = (Ld/R)^2, where Ld is the first baroclinic Rossby radius of deformation and R is the planetary radius. Exploring the planetary-ocean analogy, it is concluded that the fine-scale oceanic zonal jets are driven by strongly nonlinear, anisotropic dynamics of quasi-2D turbulence with Rossby waves and argued that the latitudinal scaling of these jets is determined by the large-scale friction processes. Using computer simulations of barotropic turbulence on the surface of a rotating sphere, parameter range has been identified where the flow regime with the anisotropic (-5/3, -5) spectra can be expected to develop. Also, it is shown that the emerging quasi-steady-state flows are stochastic albeit slowly changing and that their equatorial jets may be either westward or eastward. Recent experiments in the largest in the world rotating platform in Grenoble, France, have confirmed many of the above results. The general conclusion is that all presented types of flow are governed by the same strongly nonlinear dynamics that features anisotropic inverse energy cascade and Rossby waves.
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Evaluating the Use of Vertical Electrical Sounding Data as a Groundwater Exploration Technique to Improve on Borehold Yield in Kamuli District, Eastern Uganda.PRIVATE 

The major objective of this investigation was to improve the certainty of the success rate of wells in 8 villages of Kamuli District through use of complimentary geophysical siting procedures.

The ground water in Kamuli District mostly occurs in overburden, fractures in the bedrock, and at the interface (weathered zone) between overburden and bedrock. Kamuli generally has narrow and not very well developed fracture zones, which have to be carefully studied in order to achieve the required borehole yield (500 litres per hour). Precise location of resistivity anomalies (PLRA) was used for this.

The geomorphology has a strong relationship with presence of ground water. The statistics for depth to rock showed that in most parts of Kamuli, the bedrock is greater than 20m from the surface, indicating medium yielding boreholes.

Vertical electrical soundings were recommended to get an overview of the geology and determine which Schlumberger electrode configuration to use when profiling. Resound layered models gave a guideline to the estimated depth to where the competent stop, and to where the rock which is incompetent (with cracks) starts.

The apparent resistivities of the water bearing zones both in vertical electrical sounding data and resistivity profiling data had a relationship with the success rates of the boreholes. Majority of the successful boreholes had apparent resistivity ranges of the water bearing zones < 100 Ohm m, while majority of the unsuccessful boreholes had apparent resistivity ranges of the water bearing zones > 100 Ohm m.The aquifers of the successful boreholes indicated quite high recoveries with values ranging between 70-95%, over very short spans of time, which is additional evidence of good aquifer transmissivities.

Well completion and construction procedures together with optimal designs were used to improve on the success rate of a borehole with more certainty. The apparent resistivity of the water bearing zone, its thickness, and whether the hard rock is saturated or not was obtained from the Vertical electrical Sounding (VES) data.
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The role of the Southern Mode in the barotropic adjustment of the Southern Ocean.PRIVATE 

Recent investigations have shown that the so-called Southern Modeplays an important role in the barotropic adjustment of the Southern Ocean. This study addresses this adjustment in more detail. Results will be presented of experiments with a constant-density, multilayer model, which is forced by a stochastic wind stress. It will be shown that the area around Antarctica where contours of f/H are continuous (the free-mode region as defined by Hughes et al., JPO 1999) is relatively unimportant, and that the dominant response is in the `almost-free-mode' region. Topographic form stress, rather than friction, can be identified as the dominant damping mechanism.
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Transient Eddies and Teleconnection Patterns; Studying Their Interaction.PRIVATE 

Teleconnections, such as the North Atlantic Oscillation, are related to low-frequency anomalies in the tropospheric circulation that influence the observed weather over large areas. This connection, however, may not be one way only; high-frequency transient eddies (synoptic time scale) are believed to show a positive feedback with the low-frequency anomalies. Through systematic eddy fluxes, and/or other nonlinear processes, synoptic eddies may partly drive the low-frequency variability. This would be an intrinsic atmospheric process in contrast to other proposed driving mechanisms such as the interaction with the oceans.

In this study atmospheric variability has been decomposed into non-overlapping frequency bands and the corresponding variability patterns have been explored applying EOF analysis as well as a teleconnection approach. ERA-40 daily reanalysis data are used spanning the years 1957-2002 for the period December to Mach in the N. Hemisphere. The results show that high-frequency variability (periods of 2-10 days) has no linear contribution to the known teleconnections. It is only the low frequencies (periods over 20 days) that follow the teleconnection patterns with the intermediate frequency band exhibiting a mixed behavior.

To assess the significance of a possible eddy forcing of the low-frequency variability a potential vorticity (PV) analysis is employed. Partitioning quantities into low and high frequency components a PV budget equation is achieved relating the low-frequency PV tendency to three other terms corresponding to advection, total eddy forcing and the unresolved processes term calculated as a residual. Regressions of these terms on the low-frequency PV tendency show that the latter is predominantly driven by the advection term whilst the eddy forcing and the residual terms have no significant contribution contradicting the idea of eddy maintained variability patterns.
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Zonal Flows in the Solar InteriorPRIVATE 

The outer 30 percent of the solar interior by radius is convectively unstable.  Global-scale convective motions continually redistribute angular momentum in this solar envelope, producing differential rotation which can be probed with surface measurements and helioseismic inversions.  The solar rotation profile is remarkably steady but systematic variations of a few percent have been detected.  Near the base of the convection zone

there is a transition to nearly uniform rotation across a thin layer known as the solar tachocline.  This layer is characterized by strong vertical and horizontal shear, a highly stable (subadiabatic) background stratification, and a strong rotational influence, making it similar in many respects to the Earth's stratosphere. However, magnetism profoundly influences the dynamics of the solar tachocline and sets it apart from many geophysical applications. For example, it can induce jet formation through the gyroscopic stablization of tipping instabilities in banded toroidal fields. After a brief review of observational evidence for zonal flows in the solar convection zone and tachocline, I'll discuss current theoretical and numerical modeling efforts on how such flows may be generated by convection and MHD shear instabilities.
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A Mechanism for the Formation of Jets and Vortices from Small-Scale FluctuationsPRIVATE 

Numerical simulations on a beta-plane are used to isolate the mechanism for the formation of zonal flows from small-scale fluctuations. The dynamics of `reduced models’ are computed by restricting the nonlinear term to include a subset of triad interactions in Fourier space. Reduced models of near-resonant triads are considered, as well as the complement set of non-resonant triads. At moderate values of the Rhines number (approximately 0.5) measuring the ratio of linear to nonlinear time scales, near resonances are shown to be responsible for the generation of large-scale, zonal flows from small-scale, random forcing. Asymmetry between eastward and westward jets is also discussed.  In simulations of 3D rotating flows at moderate Rossby number, near resonances lead to the formation of large-scale, cyclonic vortical columns. Thus near resonances appear be a generic mechanism for the self-organization of large-scale, coherent structures in rotating flows.
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Trends of the Global Tropopause Height From Radiosonde Data and Their Relation With the Annular ModesPRIVATE 

The height of the tropopause - the boundary between the troposphere and stratosphere - has recently been proposed as a promising fingerprint of human effects on climate. Increases in tropopause height have been

identified in radiosonde data, in optimal combinations of observations and numerical weather forecasts, and in climate models forced by combined anthropogenic and natural effects. In experiments performed with the Parallel Climate Model (PCM) of the National Center for Atmospheric Research and Los Alamos National Laboratory, 80% of the simulated global-mean tropopause height increase from 1979 to 1999 was due to human influences primarily the depletion of stratospheric ozone and changes in concentrations of well-mixed greenhouse gases.

Santer et al. claimed positive identification of PCMs pattern of tropopause height change (in response to combined anthropogenic and natural effects) in tropopause height information inferred from two different reanalyses. They explicitly noted that there are inhomogeneities in these early reanalysis products. These

inhomogeneities have raised concerns regarding the robustness of tropopause height detection results that are based on first generation reanalyses completed in the mid-1990s. Work with improved second

generation reanalysis products substantiates the earlier tropopause height detection findings.

Previous work with reanalysis products suggests that the largest increases in tropopause height have occurred in the extratropics in both hemispheres. It is these regions that are the focus of our investigation. Rather than employing reanalysis products, we make direct use of radiosonde data to estimate tropopause height changes. We note that radiosonde-derived temperatures are one of the multiple observational data streams assimilated by reanalyses. Previous studies of tropopause height changes inferred from radiosondes have focused on selected tropical sites and on the Arctic.

Previous studies show that there is a strong relationship between NAM and the stratospheric polar vortex and the changes in the tropopause height, mainly in the highest levels, along the Eurasian region, an area

of strong interannual variability in tropopause height, and where the main mode of extratropical climate variability in both troposphere and stratosphere - the Northern Annular Mode - NAM - can strongly influence

tropopause height.

In this study we have estimated changes in tropopause height and studied their relationship with annular modes for a global subset of 188 radiosonde stations, which give us an optimal global coverage, using the

IGRA database for a period from 1948-2004. Different methods to detect the possible inhomogeneities in the radiosonde data have been applied.  The results have been studied for different scenarios having into

account the detected change points in the data series.
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On the Seasonality of Northern Annular Mode (NAM)PRIVATE 

Data analysis show that both the climatological background flow and synoptic eddy activity (or storm track) are strongest in winter, decrease in strength in spring, and are weakest in summer. The NAM is also known to have substantial seasonality, with the strength of the signal at its peak in winter, then decreasing in spring, and at a minimum in summer. We propose that the observed seasonality of NAM may be attributed to the seasonal changes in the background climate state and the two-way interaction between synoptic eddy and low-frequency flow (SELF), which depends on climatological cycles of the background flow and the synoptic eddy activity. Our research shows that that the SELF interaction has a pattern-selective effect and a positive feedback in the momentum field. The SELF feedback is essential for the formation of NAM in all the seasons. Although the strength of synoptic eddy flow is weaker in summer than in winter, the positive SELF feedback associated with NAM in summer can be as strong as that in winter. The seasonal variations of the leading singular mode simulated by a linear dynamic system with the SELF feedback resemble the observed NAM

patterns very well.  In other words, the seasonal changes in spatial patterns of NAM are found as the result of the seasonal shifts in climatological stationary waves and storm tracks patterns.
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Energy Cycle Associated with the Polar Night JetPRIVATE 

The dynamical linkages between the annular variability in the troposphere and stratosphere are very strong, and changes above or below the tropopause influence the behavior of the annular modes at all levels. The diagnosis of wave propagation influencing this interaction are usually studied by means of Eliassen-Palm flux, since it approximate the direction of the total wave activity flux. However, some questions arise about this method: 1- Are the differences between strong and weak stratospheric vortices due to wave generation, wave

refraction/reflection or to both factors?. 2- The  E-P flux is generally calculated using eddy deviation from the seasonal cycle mean. This procedure neglects the contribution of the climatological waves for the E-P composites. Are those contributions unimportant? 

It may be shown that the squared expansion coefficients of the normal modes of the linearized primitive equations are proportional to the total (i.e. Kinetic + Available Potential) energy per unit area associated with the respective mode. The energy of wave number 1 and 2 for the first three vertical modes was correlated with Northern Annular Mode (NAM) index at 7 levels in the stratosphere. An increase (decrease) in the total energy of wave number 1 tends to be followed by negative (positive) NAM anomalies with a downward propagation. A strong (weak) vortex is followed by an increase (decrease) of the total energy associated with these waves. These correlations are in part expected from the quasi-periodicity of Polar Night Jet Oscillation. However, the correlations for negative lags (NAM leads) seem too high compared with those for positive lags (energy leads). We hypothesize that the downward effect of vortex anomalies on the tropospheric circulation results in variations of wave generation. Also the lags found for wave number 2 agrees with the hypothesis of an increase of tropospheric wave generation: the time of  energy increase is closer to the instant the

vortex reaches the lower stratosphere.
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Leading modes of variability of the extratropical circulation linked to the breakup of the stratospheric polar vortexPRIVATE 

The fact that extreme stratospheric events are followed by tropospheric anomalies up to 60 days suggests that the study of stratospheric variability could be the central point to extend weather prediction in extratropics. Among the extreme stratospheric events the breakup of the wintertime stratospheric polar vortex in the winter to summer transition has gained recently a considerable interest. Black et al (2005) showed that the regional tropospheric manifestation of these breakups consists on an NAO-like phase transition in the near-surface geopotential height field, with height rises over polar latitudes and height falls over the northeast North Atlantic and eastern North Pacific.

In this work we examined the leading modes of variability of the extratropical circulation linked to the breakup of the stratospheric polar vortex using the same data of breakups as Black et al. (2005) and EOFs analysis previous and after these dates. To do this, we have used the 15 days pre- and post-breakups for every year and for 1000, 500, 50 and 10 hPa. The greatest differences are found in 50 hPa, being the structure in 1000 hPa for both periods very similar to the typical NAO pattern. Furthermore we also use eddy heat fluxes at 100 hPa as Polvani et al (2004) to know if the signal has a previous tropospheric origin. Although there is a certain interannual variability, composites of eddy heat fluxes at 100 hPa before and after the breakup show that anomalously strong eddy heat fluxes most often precede the breakup of the vortex (about 3 days), but anomalously weak eddy heat fluxes precede the breakup a little earlier (about 10 days).
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A new approach to study the intensity of the polar night jets and the stratospheric polar vorticesPRIVATE 

The narrow stream of strong winds blowing from west to east during winter surrounding the polar stratospheric regions of both hemispheres is usually called polar night jet. This jet stream develops along the temperature

gradient along the line between sunlight and the 6-month long, wintertime polar night. Regions insides these jets (poleward) are called stratospheric polar vortices. Very cold temperatures are contained inside the polar vortex region. The polar night jet is important for many reasons, it acts as a barrier in the mass-exchange between polar regions and midlatitudes, what is important for instance to explain the distribution of ozone.  The polar night jet over the Arctic is not as effective as over the Antarctic in keeping out intrusions of warmer midlatitudes air, because there is more wave activity and hence more north-south mixing of air in the northern hemisphere than in the southern hemisphere. It is also important  by the strong evidence that the state of (mainly) the northern hemisphere vortex in boreal winter influences tropospheric variability. The stratospheric polar vortex can be disturbed by tropospheric planetary waves entering the stratosphere, whose effect can be the formation of "regimes" of the stratospheric circulation (characterized by either a strong or a weak polar vortex) (Christiansen, 2003; Perlwitz and Graf, 2001).  According to the polarity of the stratospheric circulation regime, NAO index can be of different sign, (Baldwin and Dunkerton; 2001). So, for strong polar vortex, the NAO index tends to be positive. This implies that the intensity of the polar vortex in winter might he a harbinger for tropospheric climate related to the NAO.

The polar night jets and the vortices have been studied by analyzing the zonal winds at different levels and altitudes, so jets can be estimated as zonal means of zonal wind close to 50 mb and 70º latitude (Walter and Graf, 2005). Other approaches are based on the area enclosed within a given potential vorticity contour, for instance the use of elliptical diagnosis of isopleths of potential vorticity (e.g. Waugh and Randel, 1999). In this

study we use a different approach based on defining the jet stream as the geostrophic streamline of maximum average velocity. It was used for detecting and tracking the tropospheric jets in the Southern Hemisphere (Gallego et al, 2005).  The jet detection procedure is designed to identify geostrophic streamlines of maximum velocity around an hemisphere. Starting from an arbitrarily chosen meridian (in this case 0), a number of 50-hPa geostrophic streamlines are computed. The algorithm computes the average latitude and geostrophic wind

along every streamline fulfilling several restrictions. An analysis was done to study several relevant characteristics of polar night jets and vortices, such as the climatological location and persistence of polar vortices, the temporal evolution of the area occupied by them or the interannual variability in their decay.

For instance, the algorithm was very efficient to calculate the spring and fall onset for both hemispheres with concordant results to Black et al (2005) and it was able to detect jet bifurcations such as the occurred when 2002 September Southern Hemisphere sudden stratospheric warming.
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A Parameter Sweep Experiment on Quasi-Periodic Variations of a Circumpolar Vortex due to Wave-Wave Interaction in a Barotropic ModelPRIVATE 

Quasi-periodic variations of the winter circumpolar vortex in the Southern Hemisphere are characterized by the wave-wave interaction between quasi-stationary planetary wave of zonal wavenumber 1 (Wave 1) and eastward traveling Wave 2 as studied by Hio and Yoden (2004; JAS). In that paper we showed an example of periodic solution of a barotropic model in which stationary Wave 1 forced by surface topography interacts with eastward traveling Wave 2 generated by the barotropic instability of a forced zonal mean zonal flow.

In the same barotropic model with zonal-flow forcing, dissipation, and surface topography, several types of time-dependent solutions, such as stationary-wave solution, periodic solution, quasi-periodic vacillation solution, and irregular non-periodic solution, are obtained for the combination of external parameters of the height of sinusoidal surface topography and the width of eastward zonal jet. Details of the wave-wave interactions are described for the transition from periodic solution for finite amplitude of surface topography to quasi-periodic solution for smaller amplitude of topography. Variations of mean zonal flow and topographically forced Wave 1 synchronize with periodic progression of Wave 2 in the periodic solutions, while variations of mean zonal flow and amplitudes of Waves 1 and 2 are independent of the progression of Wave 2 in the quasi-periodic vacillation. Dominant triad interactions are obtained for each of these solutions.
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Tropically Forced Annular StructuresPRIVATE 

The global atmospheric response to the variability of tropical sea surface temperature (SST) contains a strongly zonally symmetric component that is insensitive to the detail of the SST anomalies. Until recently, this zonally symmetric or "annular" component has not received as much attention as the forced stationary Rossby waves in the context of tropical-extratropical interaction.  This presentation surveys the known explanations for the generation and maintenance of the tropically-forced zonally symmetric climate variability and their implications for climate modelling and prediction. After a general review of the subject, a more detailed discussion will be devoted to a particular aspect, namely, why the zonally symmetric component of the tropical tropospheric response is consistently strong regardless of the shape, size, and amplitude of the localized tropical SST anomalies.
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Zonal jets in observations and models of the Earth’s oceanPRIVATE 

Zonal jets have been detected recently in data from satellite altimetry in all parts of the world ocean. They span a broad range of spatial and temporal scales and are governed by a set of different physical mechanisms. Modern fine-resolution/low dissipation numerical models of the general circulation of the ocean are found to reproduce a good deal of the observed structure of the jets. These models are used to study the vertical structure and dynamics of the jets. Presented are preliminary results of spectral and statistical analyses 

of the jets in the Pacific on time periods of one year or longer. We discuss possible mechanisms of the jets’ formation and the effect of the jets on the intensity and anisotropy of horizontal mixing of tracers in the deep ocean.
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On rectification of randomly forced flowsPRIVATE 

Nonlinear rectification of the ocean circulation driven by random forcing, which simulates the effect of unresolved eddies, is studied in an idealized closed basin.  The results are based on the analysis of randomly forced solutions and linear eigenmodes.  Depending on the forcing strength, two rectification regimes are found: zonal jets and isolated gyres.  It is shown that both regimes are due to nonlinear interactions of resonant

basin modes.  In the zonal-jet regime, these interactions involve complex interplay between resonant baroclinic modes and some secondary modes. Both Rhines' scaling for zonal jets and prediction of gyres based on the maximum entropy argument are not confirmed.

Pavel S. Berloff Woods Hole Oceanographic Institution and Cambridge University, email: pberloff@whoi.edu
The QBO Influence on the Extratropical Circulation in MAECHAM5 GCMPRIVATE 

The QBO signature in extratropics have been analyzed using the MAECHAM5 GCM. Composites have been computed for the west and east QBO phase during the winter months of the period 1979-1999.

Results show that the north polar stratosphere is characterized by a significant weaker polar vortex and a warmer polar stratosphere during the east QBO phase. These anomalies are more pronounced in late winter (January-February) than in early winter (November-December). During the west QBO phase, anomalies in MAECHAM5 show the opposite sign but are not significant.  The analysis of the EP flux and its divergence shows a different behavior depending on the QBO phase, with changes in the effective wave guide. During the east QBO phase, wave propagation occurs at high latitudes (around 60-70ºN) and reaches heights up to 50km. Waves deposit easterly momentum decelerating the polar vortex and making the polar temperature higher. During the west QBO phase, waves are refracted equatorward and dissipated in the subtropical region at lower levels than in the east QBO phase (below 40 km) which make the polar vortex stronger, in good agreement with QBO theory.

Therefore, MAECHAM5 results corroborate the assumption that a great part of the extratropical QBO signature occurs through the modulation of the Rossby wave propagation related to changes in the zonal-mean winds in tropics and show that the model is able to represent accurately the wave-mean flow interaction necessary to simulate a realistic QBO in extratropics.

N.Calvo (Dpto. Fisica de la Tierra II, Fac.CC. Fisicas, Avda/ Complutense sn 28040, Madrid, Spain; ph. 0034-91-394-4371; fax 0034-91-394-4635; e-mail: nataliac@fis.ucm.es); M.A.Giorgetta (Max Planck Institute for Meteorology, Bundesstrasse,53, 20146 Hamburg, Germany; ph. 0049-40-41173-358; fax 0049-40-41173-298; email: giorgetta@dkrz.de)
The Persistence of the Annular Modes and NAO - Interactions Between Synoptic Eddies and Low Frequency Variability Patterns in a Simplified GCMPRIVATE 

The behavior of the annular modes and localized patterns of variability resembling the observed NAO are investigated in a dry primitive equation model, the GFDL dry dynamical core.  Particular emphasis is focused on developing a better understanding of the processes that sustain these patterns at low frequencies.  Their persistence is in part due to a positive feedback between the patterns and high frequency eddies.  Wave 

activity is produced by baroclinic instability at the latitude of the strongest winds, which are colocated with the strongest temperature gradients by thermal wind balance.  Waves propagate out of the jet at upper levels and damp on the flanks, leading to a convergence of momentum that reinforces the position of the jet.  This potential positive feedback, however, is opposed by the tendency of the eddies to break down the 

temperature gradients that maintain the jet.  The balance between to the two effects and the large scale forcing is probed by varying the equator-to-pole temperature gradient of the model.  When the gradient is increased, the annular modes become less persistent, suggesting limitations in the ability of the momentum fluxes to sustain the jet away from the equilibrium position.  Diabatic heating anomalies, which approximate the effect of land-sea contrast, and simplified topography are then introduced to break the zonal symmetry of the forcing, generating zonally localized storm tracks and NAO-like patterns of low frequency variability.  The zonal anomalies interfere with the positive eddy feedback, limiting the persistence despite changes to the temperature gradient.  Topography, in particular, prevents the downstream propagation of eddy energy around 

the latitude circle, which appears to be important in maintaining the positive feedback in the model.

E P Gerber (Program in Applied and Computational Mathematics, Princeton University, Fine Hall, Washington Road, Princeton, NJ 08544-1000; ph. 609-258-0319; fax 609-258-2850; e-mail: egerber@princeton.edu); G K Vallis (Program in Atmospheric and Oceanic Science, Princeton University, Princeton NJ 08544; ph. 609-452-6528; fax 609-258-2850; e-mail: gkv@princeton.edu)
A Consistent Poleward Shift of the Storm Tracks in Simulations of 21st Century ClimatePRIVATE 

A consistent poleward and upward shift and intensification of the storm tracks is found in an ensemble of 21st century climate simulations performed by 15 coupled climate models.  The changes in the storm track are accompanied by a poleward shift and upward expansion of the midlatitude baroclinic regions associated with enhanced warming in the tropical and subtropical upper troposphere and increased tropopause height.  These changes are also accompanied by poleward shifts of the eddy-driven jets and surface wind stress, and a shift towards the high index state of the annular modes.  Hypotheses for the poleward shift of the storm tracks and associated dynamical changes are presented and explored.

J H Yin (ESSL/Climate and Global Dynamics Division, National Center for Atmospheric Research, P.O. Box 3000, Boulder, CO 80307-3000; ph. 303-497-1379; fax 303-497-1333; e-mail: jyin@ucar.edu)
A Simple Model for the Dynamics of Upper Troposphere and the Implication for Surface Westerly ShiftPRIVATE 

An idealized model is constructed to help understanding why the surface westerlies are displaced poleward in the general circulation models when the surface friction is reduced. The dynamics of upper troposphere is idealized as one shallow water isentropic layer forced by random stirring in the divergence field. Two important factors are included in the model: 1) the stirring moves with a prescribed phase speed; 2) surface wind is inferred from the eddy momentum convergence and is allowed to feedback on the upper tropospheric wind by the thermal wind balance.

The model can generate coherent Rossby wave packets in the midlatitudes, propagating eastward and equatorward. The basic dynamical process in the model involves the wave breaking near the critical latitude. The wave breaking homogenizes the potential vorticity irreversibly, and thus produces the poleward momentum flux that determines the location of the surface westerlies.

This simple model is utilized to understand the shift and variability of surface westerlies with surface friction. As surface drag is reduced with fixed phase speed, surface westerlies increase proportionally but display no shift. However, if the phase speed is increased with fixed surface drag, surface westerlies displace poleward. The cospectra of eddy momentum flux shows that the shift is due to the poleward displacement of the critical latitude.

Chen Gang (Program in Atmospheric and Oceanic Sciences, Princeton University, Princeton, New Jersey; ph.609-452-6500; fax:609-987-5063; e-mail:gchen@princeton.edu); Isaac Held (NOAA/Geophysical Fluid Dynamics Laboratory, Princeton, New Jersey; ph.609-452-6512; fax:609-987-5063

e-mail:Isaac.Held@noaa.gov)
Circumpolar Jets Emerging in Two-Dimensional Barotoropic Decaying Turbulence on a Rapidly Rotating SpherePRIVATE 

A series of numerical experiments on two-dimensional decaying turbulence is performed for a non-divergent fluid on a rotating sphere, with an attention focused on scaling properties of spontaneous circumpolar jets. Numerical calculations show that strong circumpolar westward jets emerge clearly in high latitudes at a large rotation rate.  A theoretical scaling theory is proposed for the jet width proportional to the minus one-fourth power of the rotation rate, and the jet strength to the plus one-fourth power. These theoretical exponents agree well with the numerical results. A noteworthy asymptotic feature is that the kinetic energy becomes concentrated entirely on the circumpolar jets under large rotation rates.

S Takehiro (Research Institute for Mathematical Sciences, Kyoto University, Kyoto, 606-8502 JAPAN; ph. +81-75-753-7260; fax +81-75-753-7272; e-mail: takepiro@gfd-dennou.org); M Yamada (Research Institute for Mathematical Sciences, Kyoto University, Kyoto, 606-8502 JAPAN; ph. +81-75-753-7221; fax +81-75-753-7272; e-mail: yamada@kurims.kyoto-u.ac.jp); Y Y Hayashi (Graduate School of Science, Hokkaido University, Sapporo, 060-0810 JAPAN; ph. +81-11-706-3564; fax +81-11-746-2715; e-mail: shosuke@gfd-dennou.org)
Quantifying Eddy Transport and Mixing in Atmospheric and Oceanic FlowsPRIVATE 

Jets in the atmosphere (e.g subtropical jet, polar night jet) and in the  ocean (e.g. Antarctic circumpolar current, Gulf stream), as well as in  many simple chaotic advection flows, have a significant impact on the  transport and mixing properties of these flows. A range of particle- and  tracer-based diagnostics are used to better understand and characterize  the eddy transport and mixing properties of the flows in the vicinity of  the above-mentioned jets. Particular emphasis is given to exploring  quantitatively how the transport and mixing properties of jets of  differing strengths and with differing driving mechanisms vary. Some  diverse implications of the results (such as for parameterizations in  ocean models and for understanding the residual circulation) are noted.

E F Shuckburgh (Department of Applied Mathematics and Theoretical Physics, University of Cambridge, CB3 0WA, UK; ph. +44 1223 760452; e-mail: eshuck@damtp.cam.ac.uk)
Forced Annular Mode Patterns in a Simple Atmospheric General Circulation ModelPRIVATE 

The dynamics of the annular modes produced by a simple atmospheric general circulation model are examined. A robust annular mode, similar to that observed in the real atmosphere, is the dominant pattern of

variability in the model (Kushner and Polvani, 2004). 

The behavior of the model in response to an artificial forcing is tested to determine whether the annular mode is "mode-like", in that it appears in response to a variety of perturbations. Momentum forcing with a structure different than that of the annular modes produces an annular mode-like response in the zonal wind so long as the forcing projects upon the annular mode itself.

Zonally symmetric runs of the model are conducted to determine the role of eddies in maintaining the annular modes. An eddy feedback is present as the inserted forcing alone does not reproduce the annular mode

patterns; instead the changes in eddy forcing between unforced and forced runs must be included to produce the correct wind anomalies. Both eddy momentum and heat anomalies must be included in order to produce

the wind changes generated by the full model runs; including solely the quasi-geostrophic terms is also insufficient.

As a further test of the robustness of the annular mode, model runs with barotropic momentum forcing, and runs which force the model through temperature instead of momentum, are also considered.

M J Ring (Program in Atmospheres, Oceans, and Climate, MIT, Cambridge, MA 02139, ph. 617-253-3715, fax 617-253-6208, e-mail: mring@mit.edu); R A Plumb (Program in Atmospheres, Oceans, and Climate, MIT, Cambridge, MA 02139, ph. 617-253-6281, fax 617-253-6208, e-mail: rap@rossby.mit.edu)
Zonal Equatorial Deep Jets formation mechanismPRIVATE 

Currently proposed formation mechanisms for mid-latitude zonal jets are based on an anisotropic, nonlocal energy transfer between small-scale shear-straining and the large-scale zonal jets. Using similar concepts for the equatorial case, a new mechanism of zonal equatorial deep jets formation is proposed based on the

destabilization of short Mixed Rossby Gravity waves. This  rationale can provide an explanation for the factor of 2  in vertical scales that is observed between the Pacific and Atlantic deep equatorial jets. Results of numerical simulations performed on the Earth Simulator are presented enabling to validate the analytical theory.

L. Hua Laboratoire de Physique des Océans,IFREMER, Brest, France ph 332 98 22 41 49; fax 33 2 98 22 4496; email: lien@ifremer.fr
Synoptic Eddy and Low-frequency Flow (SELF) Interaction and Annular ModesPRIVATE 

The two-way interaction between synoptic eddy and low-frequency flow (SELF), which we refer to as the SELF-feedback, plays an important role in the low-frequency variability of the atmospheric circulation.  A new linear framework with a stochastic basic flow that captures both the climatological mean flow and climatological measures of the synoptic eddy flow is proposed for studying dynamics of the SELF-feedback and emergence of low-frequency modes from the stormy background flow.  A set of linear dynamic equations is derived for the ensemble mean anomalies of the stochastic eddy forcing that is generated by anomalous time-mean flows. An analytical non-local dynamical closure for the SELF-feedback is obtained by assuming that the ensemble eddy-forcing anomalies approximately represent the time-mean anomalies of the synoptic eddy forcing and by using a quasi-equilibrium approximation.  This linear closure directly relates time-mean anomalies of the synoptic eddy forcing to the anomalous time-mean flow.  The linear framework with the SELF-feedback closure is used to demonstrate that, as the result of a positive SELF-feedback, the annular modes are the least-damped low-frequency modes.  The scale-selective SELF-feedback favors annular modes because they organize the synoptic disturbances to facilitate an effective upscale energy cascade from synoptic eddies to the annular modes.

F.-F. Jin Department of Meteorology, Florida State University, Tallahassee, FL32306; ph. 850-644-2814; fax 850-644-9642; e-mail: jff@met.fsu.edu); L.-L. Pan (Department of Meteorology, Florida State University, Tallahassee, FL32306; ph. 850-644-8578; fax 850-644-9642; e-mail: lpan@met.fsu.edu); M. Watanabe (Graduate School of Environment Earth Science, Hokkaido University, Japan; e-mail: hiro@ees.hokudai.ac.jp
Are the North Atlantic Oscillation and the Northern Annular Mode Indistinguishable?PRIVATE 

The study addresses the question of whether the North Atlantic Oscillation (NAO) and the Northern Annular Mode (NAM) teleconnection patterns are distinguishable from each other.  Standard daily index time series are used to specify the amplitude of the NAO and NAM patterns. The above question is examined with composites of

sea level pressure, and 300-hPa and 40-hPa streamfunction, with tests of field significance, and with probability density functions (PDFs) of the index time series.

A null hypothesis is specified that the NAO and NAM are indistinguishable.  This null hypothesis is evaluated by calculating the difference between the NAO and NAM composites.  It is found that the null hypothesis cannot be rejected even at the $80\%$ confidence level. A calculation of PDFs leads to the same conclusion.  The wave breaking characteristics during the NAM life cycle are also examined.  Both the positive and negative NAM phases yield the

same wave breaking properties as those for the NAO.

The results suggest that not only are the NAO and NAM patterns indistinguishable, but that the NAO/NAM pattern is neither confined to the North Atlantic, nor is this pattern annular.

S B Feldstein (Earth and Environmental Systems Institute, The Pennsylvania State University, University Park, PA, 16802; ph. 814-865-7042; fax 814-865-3191; e-mail: sbf@essc.psu.edu); C Franzke (Courant Institute of Mathematical Sciences, New York University, New York, NY, 10012; ph. 212-998-3234; e-mail: franzke@cims.nyu.edu)
Asymmetrization of Jet Profiles in Beta-plane TurbulencePRIVATE 

Spontaneous zonal jet formation is an well-known significant feature in two-dimensional beta-plane turbulence (Rhines, 1975; Vallis and Maltrud, 1993). The formation itself is considered due to energy upward cascade

which is in favor of zonal components by the existence of beta term. Why the formed zonal jets are maintained in the turbulence, however, has been an open question. Therefore, we study the maintenance mechanism of the zonal jets in in two-dimensional beta-plane turbulence numerically, conducting a number of ensemble experiments. We find asymmetry of jet profiles between eastward and westward jets with sufficient statistical 

validity. That is, westward jets are narrower and more intense than eastward jets. Theoretical explanation of the asymmetrization is developedusing WKB wave propagation theory and wave mean-flow interaction theory.

The theoretical explanation also makes clear the maintenance mechanism of the zonal jets.

K Ishioka (Division of Earth and Planetary Sciences, Graduate School of Science, Kyoto University, 606-8502, Kyoto, JAPAN; ph. +81-75-753-3931; fax +81-75-753-3715; e-mail: ishioka@gfd-dennou.org); J Hasegawa (Japan

Meteorological Agency, 100-8122, Tokyo, JAPAN; e-mail: j-hasegawa@naps.kishou.go.jp); S Yoden (Division of Earth and Planetary  Sciences, Graduate School of Science, Kyoto University, 606-8502, Kyoto, JAPAN; ph. +81-75-753-3932; fax +81-75-753-3715; e-mail:  yoden@kugi.kyoto-u.ac.jp)
Spontaneous zonal current in two dimensional turbulence on a rotating hemispherePRIVATE 

Flow pattern of 2D decaying non-divergent turbulence is studied numerically on a rotating hemisphere with the rigid/stress-free boundary at the equator. A stereographic projection of the hemisphere to a plane disk, followed by Fourier-Chebyshev expansion method, is employed for the numerical calculation. It is observed that an eastward flow is formed in the rigid-boundary case, while a westward flow in the stress-free-boundary case, from randomized initial conditions.

Y Taniguchi (Research Institute for Mathematical Sciences, Kyoto University, Kyoto, 606-8502 JAPAN; ph. +81-75-753-7252; fax +81-75-753-7272; e-mail: yuki@kurims.kyoto-u.ac.jp); M Yamada (Research Institute for Mathematical Sciences, Kyoto University, Kyoto, 606-8502 JAPAN; ph. +81-75-753-7221; fax +81-75-753-7272; e-mail: yamada@kurims.kyoto-u.ac.jp); K Ishioka (Graduate School of Science, Kyoto University, Kyoto, 606-8502 JAPAN; ph. +81-75-753-3931; fax  +81-75-753-3715; e-mail: ishioka@gfd-dennou.org)
The Summer Northern Annular Mode and Abnormal Summer Weather in 2003PRIVATE 

The summer Northern Hemisphere annular mode (summer NAM), a new mode determined through empirical orthogonal function (EOF) analysis for each individual calendar month, can describe aspects of anomalous summers such as the summer of 2003, which featured warm temperatures in Europe, Canada and Russia and cold temperature in Japan.  Atmospheric circulation anomalies of the summer NAM closely resemble the anomalies in the summer of 2003 and the summer NAM index was quite large during the period from mid-July to early August when abnormal weather took place in Europe, Canada and Russia.  The index includes

representations of hemispheric double-jet streams and blockings that support extended periods of abnormal weather. The double-jet is formed and maintained by wave forcing during the period. In contrast to the Arctic and North Atlantic oscillations, the summer NAM pattern accounts for many of the anomalous weather features observed during summer of 2003.

M Ogi (Frontier Research Center for Global Change, Japan Agency for Marine-Earth Science and Technology, Yokohama, Japan; ph.+81-45-778-5606; fax +81-45-778-5706; e-mail: masayo.ogi@jamstec.go.jp);  K Yamazaki(Graduate School of Environmental Earth Science, Hokkaido University, Sapporo, Japan; ph.+81-11-706-2361; fax +81-11-706-4865; e-mail: yamazaki@ees.hokudai.ac.jp);  Y Tachibana(Liberal Arts Education Center, Tokai University, Hiratsuka, Japan/ Institute of Observational Research for Global Change, Japan Agency for Marine-Earth Science and Technology, Yokohama, Japan; ph. +81-463-58-1211; fax +81-463-59-4047;  e-mail: tachi@rh.u-tokai.ac.jp);  T Yasunari(Hydrospheric Atmospheric Research Center, Nagoya University, Aichi, Japan/Frontier Research Center for Global Change, Japan Agency for Marine-Earth Science and Technology, Yokohama, Japan; ph. +81-52-789-3465; fax +81-52-789-3436; e-mail: yasunari@hyarc.nagoya-u.ac.jp)
Modified Lagrangian-Mean Analysis of the Arctic OscillationPRIVATE 

The Arctic Oscillation is attracting much attention since the work of Thompson and Wallace (1998), because it is not only the primary pattern of the atmospheric variability in the northern hemisphere but also a representative process of the troposphere-stratosphere coupling. A downward propagation of the Arctic Oscillation from the stratosphere to the troposphere (Baldwin and Dunkerton, 1999) is attempted to be explained from the viewpoint of wave-mean flow interaction using the transformed Eulerian-mean diagnostic in

many previous studies (e.g., Limpasuvan et al., 2004). In this study, the modified Lagrangian-mean diagnostic is applied to the Arctic Oscillation to examine the role of nonconservative processes such as wave breaking (i.e., part of wave-mean flow interaction) and radiation on the downward propagation of the Arctic Oscillation.

Y Tomikawa (National Institute of Polar Research, Tokyo 173-8515, Japan; ph. +81-3-3962-5582; fax +81-3-3962-5719;

e-mail: tomikawa@nipr.ac.jp); K Sato (Department of Earth and Planetary Science, The University of Tokyo, Tokyo 113-0033, Japan; ph. +81-3-5841-4668; fax +81-3-5841-8791; e-mail: kaoru@eps.s.u-tokyo.ac.jp)
Transport properties of jets in baroclinic systemsPRIVATE 

In atmosphere and ocean there are several important examples of jet-like flows that act as strong barriers to quasi-horizontal transport of chemical and biological species. There are often strong variations of transport properties with height. This talk will discuss a sequence of numerical simulations of a forced-dissipative baroclinic flow in which jets and associated transport barriers naturally arise in the statistical equilibrium flow and the transport properties vary strongly with height (with no barrier at low levels and a strong barrier at upper levels, with a sharp transition between the two regimes).

These simulations were designed to study the problem of what determines the height of the midlatitude tropopause (which might be argued to correspond to the transition from lower to upper regime). However a similar transition in transport properties has been noted in the Gulf Stream and some of our simulations are in a multiple-jet regime more relevant to oceanic flows.

A complete theoretical understanding of these flows (and their associated transport properties) is not yet available. But some relevant dynamical and kinematical ideas will be discussed.

P H Haynes (Department of Applied Mathematics and Theoretical Physics, University of Cambridge, CB3 0WA UK; ph: +44-1223-337862; fax +44-1223-760497; email: phh@damtp.cam.ac.uk)
Restratication Forced by Ageostrophic Fronts and EddiesPRIVATE 

The oceans and atmosphere are characterized by layers with large vertical gradients (the thermocline in the ocean and the tropopause in the atmosphere) separating the fluid in different dynamics. These layers play the role of vertical barriers to mixing. Different processes are responsible to the maintenance of these layers and, more generally, to the vertical stratification of the atmosphere and the oceans. However the influence of baroclinic jets and eddies on the stratification of the fluid has been given little attention until recently.

We investigate how ageostrophic dynamics associated to frontogenesis is able to maintain the sharpness of the vertical barriers.  Frontogenesis is the general process of formation of steep horizontal gradients in density or potential temperature, due to the stirring action of eddies. We show that Ertel potential vorticity (PV)

conservation implies a strong constraint on the mean stratification profile. In the absence of sources and sinks of PV, the time evolution of the mean density only depends on two terms, namely the time evolution of the product between density anomaly and relative vorticity, and, the vertical PV flux. The first term can be related

analytically to the strength of frontogenesis while the second term is related to interior dynamics. These results are illustrated by numerical simulations of the evolution of baroclinic jets and demonstrate that frontogenesis at surface (or at the tropopause) creates and maintains regions of strong stratification.

G Lapeyre (Laboratoire de Meteorologie Dynamique, IPSL, ENS, 24 rue Lhomond, 75005 Paris, FRANCE; ph. +33 1-44-32-22-41; fax +33 1-43-36-83-92; e-mail: glapeyre@lmd.ens.fr); P Klein (Laboratoire de Physique des Océans, IFREMER, 29280 Plouzane, FRANCE; ph. +33 2-98-22-42-97; fax +33 2-98-22-44-96)
Zonal Jets in Fine-resolution OGCMsPRIVATE 

The zonal currents in the subsurface are classified into two parts, one is a series of broad zonal flows that has the meridional patten slanting poleward with increasing depth, and the other is fine-scale zonal jets with the meridional scale of 3-5 degrees formed within each broad zonal flow. 

The fine-scale zonal jets are visible both in one-year average and snapshot fields. These jets occupy the entire domain of the North Pacific model. However, their strength is not homogeneous: they are strong in the western subtropical and subpolar gyres, and weak in the northeast Pacific.

The basic patten for the broad zonal flows is though to be the response to the wind forcing. A part of zonal jets embedded in each zonal flow is explained by the anomalous local wind forcing. Most of them however, seem to be mainly created by the rectification of turbulent processes on a beta-plane, the Rhines effect, and zonal jets in this study have common features with the zonally elongated flows obtained in previous modeling studies conducted in idealized basins.

H Nakano (Oceanographic Research Department, Meteorological Research Institute, Tsukuba, Ibaraki, 305-0052, Japan; ph. +81-29-853-8660; fax +81-29-855-1439; e-mail: hnakano@mri-jma.go.jp)
Annular Structures Associated with Polar Vortex BreakdownPRIVATE 

We examine how interannual variations in the timing of stratospheric final warming (SFW) events affect the stratosphere-troposphere system.  Specifically, we isolate the coupled stratosphere-troposphere dynamical evolution observed to occur in association with SFW events in the Northern and Southern Hemispheres. In approaching this problem, we implicitly address the hypothesis that the tropospheric circulation is influenced by interannual variations in the breakup of the stratospheric polar vortex.  SFW events are defined in terms of the final weakening of the zonal-mean zonal wind in the subpolar lower stratosphere.  Circulation anomalies, taken as departures from long term seasonal trend values, are then composited with respect to SFW onset dates to identify anomaly structures linked to SFW events.  The analyses are performed for SFW events in both the Northern and Southern Hemispheres. 

SFW events are found to provide a strong organizing influence on the large-scale circulation of the stratosphere and troposphere, acting to accelerate seasonal transitions in comparison to climatological seasonal trends.  Annular patterns of westerly (easterly) zonal wind anomalies extend from the high latitude stratosphere to the Earth’s surface in the weeks prior to (after) SFWs, associated with accelerated breakdowns in the stratospheric and tropospheric westerly jets. The high latitude stratospheric decelerations are accompanied by opposing zonal wind accelerations in the subtropical stratosphere with downward extensions into the troposphere.  The near surface manifestation of SFW events consists of anomalously low (high) sea level pressure over the poles in the weeks prior to (following) SFW events. The composite analyses indicate that SFW events are driven by planetary wave anomaly patterns observed in the extratropical lower troposphere a few days prior to SFW.  Eliassen-Palm flux diagnoses confirm the presence of an anomalous upward flux of Rossby wave activity into the stratosphere during this time, which acts to decelerate the stratospheric polar vortex and precipitate the final warming. Our study indicates that polar vortex breakdown is distinguished by a large-scale dynamical coupling of the troposphere and stratosphere. Although this coupling is strongest in the Northern Hemisphere, parallel dynamical signatures are also observed in the Southern Hemisphere circulation.

R X Black (School of Earth and Atmospheric Sciences, Georgia Institute of Technology, Atlanta, GA 30332-0340; ph. 404-894-1756; fax 404-894-5638; e-mail: rob.black@eas.gatech.edu); B A McDaniel (School of Earth and Atmospheric Sciences, Georgia Institute of Technology, Atlanta, GA 30332-0340; ph. 404-385-4406; fax 404-894-5638; e-mail: brent.mcdaniel@eas.gatech.edu); W A Robinson (Department of Atmospheric Sciences, University of Illinois at Urbana-Champaign, Urbana, IL 61801; ph. 217-333-2292; fax 217-244-4393; e-mail: robinson@atmos.uiuc.edu)
Arctic Oscillation Analyzed as a Singular Eigenmode of the Global AtmospherePRIVATE 

In this study, eigenmodes and singular modes are analyzed for a dynamical system of the atmosphere linearized about a winter basic state in order to understand the dynamics of the Arctic Oscillation (AO). Since the fluctuations of the sea-level pressure are dynamically linked with the barotropic component of the atmosphere, the AO is investigated in the framework of a barotropic model. As a result of the analysis, we find

multiple eigenmodes which are similar to the AO with a negative pole in the Arctic and positive poles in the Pacific and Atlantic sectors. Since some of the eigenmodes are unstable, a linear drag is introduced to shift

the eigenvalues in order to pick up different eigenmodes as a singular mode with resonant behavior. It is demonstrated that the singular eigenmode of the dynamical system emerges resonantly as the AO in response

to the arbitrary forcing. The resonant growth is allowed for multiple eigenmodes including the unstable modes, and therefore the AO described by the neutral mode under the strong friction is recognized as the least

damping mode excited by the tail of the resonant response curve of the singular eigenmode. In reference to the result of the nonlinear simulation of the AO using the same barotropic model, we may conclude that the AO is a physical mode of a dynamical system for the global atmosphere.

H. L. Tanaka (Center for Computational Sciences, University of Tsukuba, Tsukuba, 305-8572, Japan; ph. 81-29-853-4502; fax 81-29-853-6879; e-mail: tanaka@ccs.tsukuba.ac.jp)
An equatorial jet emerged in shallow-water turbulence on a rotating  spherePRIVATE 

Cho and Polvani (1996) reported that a retrograde equatorial jet emerges in shallow-water turbulence on a rotating sphere. We perform ensemble experiments with various initial states to investigate robustness of emergence of the retrograde jet and examine how emergence of an equatorial jet and its magnitude depend on an initial state.

Our results indicate that the frequency distribution with magnitude of an equatorial jet depends on Rossby number. While the distribution is narrow and there is no prograde jet for small Rossby number, a prograde jet can be formed and maintained for large Rossby number.

Further, a zonal mean flow induced by wave-wave interactions is examined with a linearized model to investigate acceleration mechanisms of the equatorial jet. The second-order acceleration is almost induced by the Rossby and Rossby-gravity waves and its mechanisms can be categorized into two types. First, the local

meridional wavenumber of a Rossby wave packet propagating toward the equator increases due to meridional variation of the Rossby deformation radius and/or the retrograde mean flow so that the wave packet dissipates in the equatorial region. This mechanism always contributes to retrograde acceleration of the equatorial jet. Another mechanism is derived from equatorial waves tilting due to meridional shear of the mean flow. In this case, a zonal mean flow induced by Rossby waves intensifies a given basic flow.

Y. Kitamura (Graduate School of Science, Kyoto University, Kyoto,  606-8502, Japan; ph. +81-75-753-3933; fax +81-75-753-3715; e-mail:  kitamura@kugi.kyoto-u.ac.jp); K. Ishioka (Graduate School of Science,  Kyoto University, Kyoto, 606-8502, Japan; ph. +81-75-753-3931; fax  +81-75-753-3715; e-mail: ishioka@gfd-dennou.org)
Jets in the Antarctic Circumpolar CurrentPRIVATE 

The Antarctic Circumpolar Current is far from being a single broad zonal flow. The current consists of a complicated braiding of jets which are remarkably persistent in time, many of which are clearly influenced by topography. The peak mean flow at some longitudes is faster than 25 cm/s, and at others slower than 10 cm/s. The jets occur within an envelope which undergoes significant meridional deflections as it circumnavigates Antarctica. Many of these features reflect the fact that topographic torques play an important part in the balances of angular momentum and barotropic vorticity in the current. The flow is also suprcritical with respect to the propagation of baroclinic Rossby waves, leading to strong wave-mean flow interactions. Diagnostics of the vorticity balance will be shown which shed light on the various modes of variability which occur in the jets, including standing meanders reminiscent of stationary barotropic Rossby waves, and a

residual which appears to reflect frequently large-scale interactions with topography.

Chris W. Hughes (Proudman Oceanographic Laboratory, 6 Brownlow St., Liverpool L3 5DA; ph. +44-151-795-4854; fax +44-151-795-4801; e-mail: cwh@pol.ac.uk)
Rossby wave dynamics - case studies and climatologyPRIVATE 

Rossby Waves (RWs) residing at tropopause-levels are a key meteorological feature closely associated with both surface baroclinic development and quasi-horizontal atmospheric energy transport. From the PV perspective, these waves exist and travel on the band of maximum PV gradient at the tropopause break, sic. the jet stream, and their propagation characteristics are in line with properties inferred from linear theory.

We present results from a climatology of RWs derived from the ERA40 data set on a 6-hourly basis. Their propagation is depicted in a novel form of Hovmoller diagram that accounts for the instantaneous shape of

the PV waveguide. This eliminates the effect of meridional averaging and non-zonal wave propagation and precludes attenuation of the amplitude by spurious cancelling of wave peaks, inaccurately determined wave numbers and hence propagation velocities.

Rossby Waves (RWs) can link high-impact weather events around the hemisphere, that occur most severly at the location of the wave breaking. The RW climatology provides information on the phase and group velocities and their spatial and temporal distribution. It can be used for instance to enhance our dynamical understanding of the origin and development of heavy precipitation events and provides a means to investigate the dynamics of RWs that propagate in complex multiple-jet environments.

C Schwierz (Institute for Atmospheric and Climate Science, Universitatsstr. 16, 8092 Zurich, Switzerland; ph. +41-44-6332773; fax +41-44-6331058; e-mail: cornelia.schwierz@env.ethz.ch); O C Martius (Institute for Atmospheric and Climate Science, Universitatsstr. 16, 8092 Zurich, Switzerland; ph. +41-44-6323279; fax +41-44-6331058;

e-mail: olivia@env.ethz.ch); H C Davies (Institute for Atmospheric and Climate Science, Universitatsstr. 16, 8092 Zurich, Switzerland; ph. +41-44-6333506; fax +41-44-6331058; e-mail: huw.davies@env.ethz.ch)
A Climatological Analysis of Stratospheric Intrusions and their link to Large-scale Climate ModesPRIVATE 

Meridionally elongated intrusions of stratospheric air into the troposphere (i.e. stratospheric streamers) form during the breaking of synoptic-scale tropopause-level Rossby waves. The streamers are an important component of several synoptic and larger-scale phenomena, and the nature of the wave-breaking is linked to the structure of the ambient flow.  On the monthly to inter-annual time-scale streamer variability is closely linked to different large-scale climate modes, and in turn their their distribution and form can influence the large-scale modes.

Here a study is undertaken of the monthly to inter-annual variability of the spatial distribution of stratospheric intrusions.  A PV-based climatology is derived for the northern hemisphere for the ERA-40 (1958-2002) data set, and used to examine the "streamer-climate modes" link to shed light on the nature of the two-way interaction.

O Martius (Institute for Atmospheric and Climate Science, Universitaetsstr. 16, 8092 Zurich, Switzerland; ph. +41-44-6323279; fax +41-44-6331058; e-mail: olivia@env.ethz.ch); C Schwierz (Institute for Atmospheric and Climate Science, Universitaetsstr. 16, 8092 Zurich, Switzerland; ph. +41-44-6332773; fax +41-44-6331058; e-mail:

cornelia.schwierz@env.ethz.ch); H C Davies (Institute for Atmospheric and Climate Science, Universitaetsstr. 16, 8092 Zurich, Switzerland; ph. +41-44-6333506; fax +41-44-6331058; e-mail: huw.davies@env.ethz.ch)
The Generation and Evolution Mechanism of Meso-alpha-scale and Meso-beta-scale Vortex DisturbancesPRIVATE 

When winter pressure pattern grows stronger around Japan, cold monsoon outbreaks from Eurasian Continent and a striking cloud band called "Convergent Cloud Band" is formed over the western Japan Sea.  Previous observations showed that frontal structure is found in the convergent cloud band and meso-alpha-scale and meso-beta-scale vortex disturbances often appear.  As a study of generation mechanism of such disturbances, we calculated the linear stability of several basic flows with frontal structure under quasi-geostrophic system which includes both barotropic and baroclinic instabilities. We obtained the following results. The linear stability analysis and energy conversion analysis show that both meso-alpha-scale

unstable modes, which are generated by baroclinic instability, and meso-beta-scale unstable modes, which are generated by barotropic nstability, occur in the same basic field. Meso-alpha-scale unstable modes dominate in basic fields where frontal transition layer is thick and stability of atmosphere is weak, meanwhile, meso-beta-scale unstable modes dominate when frontal transition layer is thin or stability of atmosphere is strong. Horizontal potential temperature difference does not have substantial effect on growth rate of unstable modes but affects the structure of meso-alpha-scale disturbances.  We are now promoting non-linear evolution mechanism of vortex disturbances by considering three-dimensional non-hydrostatic equation system and heat effect. We will also present the role of heat flux and dynamical instability in non-linear evolution term of vortex disturbances.

Y Maejima (Ocean Research Institute, The University of Tokyo, 1-15-1 Minamidai Nakano Tokyo 164-8639, Japan; ph. +81-3-5351-6423; fax +81-3-3377-3395; e-mail: maejima@ori.u-tokyo.ac.jp); K Iga(Ocean Research

Institute, The University of Tokyo, 1-15-1 Minamidai Nakano Tokyo 164-8639, Japan; ph. +81-3-5351-6425; fax +81-3-3379-3395; e-mail: iga@ori.u-tokyo.ac.jp)
Change of fire frequency in the North Algeria forests, does vegetation composition or climate trigger the fire regime, anlysis with remote sensingPRIVATE 

Studies on the variability of natural fire regimes are needed to understand plant responses in a changing environment. Since vegetation changes might follow or trigger changes in fire frequency, climate models suggest that changes in water balance will accompany current global warming, and the response of fire regimes to Holocene hydro-climate changes and vegetation switches may thus serve as a useful analogue for current change. We present in this work analysis of comportment of forest by remote sensing analys of  some pollen diagrams from the zone is used to evaluate the role of the local vegetation in the fire history. Fire frequency was reconstructed by measuring the separation of peaks after detrending the charcoal accumulation rate from any background. Usuly Fire frequency changed 1000 years earlier in the coniferous-boreal forest than in the mixed-boreal forest to the south. The absence of changes in combustibility species in the pollen data that could explain the fire frequency transition suggests that the vegetation does not control the long-term fire regime in the boreal forest.

The utilization of the pictures of remote sensing of identifying the frequency of the fires of drill and following the climatic change during these last years one notes an increase of the fires of drills in the Algerian north an evaluation of 50 000 hectares this years 2005 valued following the treatment of the pictures ALSAT-1.

the results of the these works show that it is necessary to take some strategic measurements in order to don't lose our drills

Zegrar Ahmed (National Center of Spaces Technics, Algeria Division of remote sensing , spaces applications BP 13 , 1 avenue de la Palestine  31200 Arzew , Algeria Tel : 00 213 62 40 89 54 z_ahmed65@yahoo.fr
A Numerical Analysis of the First-Order Closure for Synoptic Eddy and Low Frequency Flow (SELF)-FeedbackPRIVATE 

The two-way interaction between synoptic eddy and low-frequency flow (SELF), has been recognized to be important for the low-frequency variability of the atmosphere circulation.  By considering a stochastic basic flow that captures the observed synoptic eddy statistics, we obtained both first and higher order approximations for a linear closure for the SELF feedback. The validity of the first order approximation depends on the intensity of the eddy variance.   The first order approximation breaks down only when the level of eddy variance is unrealistically large.  Under observed level of the synoptic eddy variance, we demonstrated that the first-order approximation is largely as good as high order approximations.  Direct numerical ensemble simulations of the linearized model with stochastic basic state also confirm the validity of the first order approximation.  Moreover, forced solutions under idealized external forcing are analyzed to delineate the importance of the SELF feedback in generating the patterns of low-frequency modes.

Lin Lin (Department of Meteorology, Florida State University, Tallahassee,FL 32306; ph. 850-644-8578; e-mail:llin@met.fsu.edu); Feifei Jin (Department of Meteorology, Florida State University, Tallahassee, FL 32306; ph. 850-644-2814; e-mail:jff@met.fsu.edu)
Multiple Jets, Separation Scales, and Weather-Layers in an Idealized GCMPRIVATE 

We consider the organization of jets and baroclinic zones in an idealized general circulation model. We use a multi-level primitive equation model with zonally symmetric statistics and a simple radiation scheme. For each simulation the planetary radius or rotation rate is chosen to be large so that there are several jets in each hemisphere. The scale of the meridional inter-jet spacing is found to be similar to the energy-containing scale and the scale of the most unstable wave, but it may be larger than the Rhines scale.

We also describe a series of simulations where there is Newtonian relaxation to a radiative-convective equilibrium with no meridional temperature gradient in a layer of substantial mass above the lower boundary. Baroclinic eddies are then confined to an upper weather-layer, and so unlike in the terrestrial troposphere do not cause isentropes to intersect the lower boundary. We study the resulting effects on the large scale turbulence.

Both the multiple-jet and weather-layer simulations may be relevant to circulations on gas planets.

P. A. O'Gorman (California Institute of Technology, Pasadena, CA 91125; ph. 626-395-6465; fax 626-568-0935; e-mail: pog@caltech.edu); Tapio Schneider (California Institute of Technology, Pasadena, CA 91125; ph. 626-395-6143; fax 626-568-0935; e-mail: tapio@gps.caltech.edu)
Annular Modes in a Multiple Migrating Zonal Jet RegimePRIVATE 

Persistent multiple migrating zonal jets are investigated using an ocean GCM, forced at the surface by an atmospheric wind stress and by relaxation to an imposed meridional temperature profile.  Analysis of the momentum budget shows that the model's prescribed wind stress transfers momentum from the atmosphere into the ocean, at which point, eddies then transfer the momentum downward and equatorward.  Since the jet scales are about 50 times larger than the Rossby radius of deformation, the jets are maintained (in part) by Rossby waves leaving the jet providing momentum fluxes into the jet consistent with the theory provided by Held and Andrews (1983).

Similar to the annular modes in the atmosphere, the leading mode of variability is associated with the primary jet's meridional displacement. This north-south oscillation from its time-mean location is related to secondary jets migrating equatorward toward the primary jet.  The dynamics into the equatorward bias in the migration of the zonal flow anomalies will also be discussed.

C J Chan (Department of Earth and Atmospheric Planetary Sciences, Massachusetts Institute of Technology, Cambridge, MA 02139; ph. 617-253-6283; e-mail:cegeon@mit.edu); R A Plumb (Department of Earth and

Atmospheric Planetary Sciences, Massachusetts Institute of Technology, Cambridge, MA 02139; ph. 617-253-6281; e-mail:rap@rossby.mit.edu)
The Annular Mode and Wavetrain-Like Teleconnection Patterns in an Aquaplanet GCMPRIVATE 

This study examines the timescales and dynamics of teleconnection patterns in a 4,000 day aquaplanet general circulation model (GCM).  The all-ocean lower boundary has a sea surface temperature field that is both independent of longitude and symmetric across the equator.  The teleconnection patterns are identified both with empirical orthogonal functions and with one-point correlation maps.

Two types of patterns are obtained, an annular mode, and wave trains that resemble the Pacific/North American (PNA) pattern.  The annular mode pattern is found to be driven and maintained by high-frequency transient eddy fluxes, a nonlinear process.  The wave train patterns are primarily driven by linear processes.  This behavior closely resembles that of the annular mode and the PNA pattern in the atmosphere, respectively.  However, the annular mode is found to have an e-folding timescale of 65 days, much longer than in the atmosphere, and the wave train pattern has a time scale of 5 days, much shorter than is observed in the atmosphere.  These time scale differences between the aquaplanet GCM and the atmosphere are attributed to the impact of the atmosphere's stretching deformation field.

S B Feldstein (Earth and Environmental Systems Institute, The Pennsylvania State University, University Park, PA, 16802; ph. 814-865-7042; fax 814-865-3191; e-mail: sbf@essc.psu.edu)
Annular Modes and Stratosphere-Troposphere Dynamical CouplingPRIVATE 

In this talk I will discuss annular modes from two perspectives. The first is that we observe that annular modes seem to provide an insightful way of connecting stratospheric variability to tropospheric variability. In the stratosphere, the Northern Annular Mode (NAM) characterizes the strength of the polar vortex, while at Earth's surface the NAM is the Arctic Oscillation pattern, similar to the North Atlantic Oscillation. In observations, the pattern at the surface that follows large disturbances to the strength of the stratospheric polar vortex looks almost identical to the NAM. The second perspective of the talk is that we do not understand why annular modes behave in this way. Unlike fundamental dynamical quantities, annular modes are just statistical patterns (EOFs) that represent the pattern that accounts for the greatest variance in the data. There is no theory (yet) that describes why the observed relationships should be seen.

Mark P. Baldwin (Northwest Research Associates, 14508 NE 20th Street, Bellevue, Wa 98007; ph. 425-644-9660 x323; fax 425-644-8422; e-mail: mark@nwra.com)
Jets and geostrophic turbulence: Spherical geometry vs the beta-planePRIVATE 

We consider the evolution of forced two-dimensional turbulence on the surface of the sphere.  In particular, we examine the extent to which the development of flow anisotropy and zonal jets are controlled by two separate effects, (i) the latitudinal variation of the background planetary vorticity gradient and (ii) the latitudinal variation of the Rossby radius of deformation.  On the beta-plane, scaling arguments predict a dependence on beta (in conjunction with some form of large-scale friction) of the length scale and intensity of zonal jets,

and this dependence has been observed recently in various numerical studies of beta-plane turbulence.  These results suggest that in spherical geometry a transition latitude will exist separating an isotropic flow regime in polar regions from an anisotropic flow regime in midlatitudes.  Similarly, different behavior is expected at low latitudes, where the Rossby radius becomes large.

We present the results of high resolution numerical experiments designed to examine the above behavior in more detail.  Two systems of equations are considered: (i) the equivalent barotropic system, which is the simplest system in which both beta and Rossby radius vary with latitude; and (ii) the shallow water equations, in which beta and Rossby radius vary in the same way as in the equivalent barotropic model, but which also allows for divergent flows and provides a more realistic representation of the dynamics at low latitudes.  The flow is forced stochastically at small scales and energy is dissipated at large scales by a scale-selective hypodiffusion to allow a statistically stationary state to be reached.  In addition to the question of the latitudinal dependence of the anisotropy of the stationary flow, we also consider regimes in the two-dimensional

parameter space spanned by Rossby and Froude numbers that have been previously unattainable due to prohibitive computational costs.

R. K. Scott (Northwest Research Associates, Bellevue, WA; ph. 425-644-9660; email: scott@nwra.com); L. M. Polvani (Department of Applied Physics and Applied Mathematics, Columbia University, New York, NY; ph. 212-854-7331; email: lmp@columbia.edu)
The Annular Modes: A PrimerPRIVATE 

The current status of our knowledge of the annular modes will be reviewed, with emphasis on their three-dimensional structure, temporal behavior, amplitude, seasonality, and relevance to weather and climate. The question of whether annular modes are real dynamical entities, as opposed to statistical artifacts will be discussed. Observational data for both the northern and southern hemisphere annular modes will be considered, as well as results from models. Dynamical processes that have a bearing on the structure and temporal behavior of the annular modes will also be discussed.

J M Wallace (Department of Atmospheric Sciences, Box 354235, University of Washington, Seattle, WA 98195; ph. 206-543-7390; fax 206-685-3397; e-mail: wallace@atmos.washington.edu)
Empirical Study of Atmospheric Responses to the Tropical SST ForcingPRIVATE 

Recently GCM studies have indicated that there exist additional atmosp heric response patterns to tropical SST forcings beyond the linear ENSO signal and that the Arctic Oscillation (AO) is one of extratropical atmospheric signals.  The main purpose of this study is to investigate the additional atmosphere patterns separate from ENSO due to tropical SST forcing that can be found in the observed Northern Hemisphere (NH) wintertime variability.  Singular value decomposition (SVD) analysis between SST and the NCEP-NCAR reanalyzed 500-mb height (Z500) at both interannual and interdecadal time scales is used to identify these patterns.

At interannual time scales, the leading SVD mode of Z500 pattern exhibits a clear ENSO signature and the corresponding SST pattern resembles the ENSO signature. The 2nd SVD mode of Z500 pattern is virtually identical to the AO pattern and the SST pattern reveals the northern tropical Atlantic mode in the Atlantic.

The expansion coefficients are highly correlated with AO indices. The 3rd SVD pattern for Z500 is moderately successful at specifying the Pacific North America (PNA)-like pattern.  An alternative SVD analysis between Z500 and the outgoing longwave radiation indicate that the above SVD modes of SSTs are significantly correlated with the direct thermal forcing in the Tropics.

At decadal timescales, the leading SVD mode is indicative of strong linear coupling between the NH 500-mb height and the Pacific ENSO-like SST field.  The SST pattern in the Pacific is seen as Pacific Decadal Oscillation mode and the 500-mb pattern appears most similar to the PNA pattern. The 2nd leading SVD SST pattern has its significant negative loadings in the Pacific south of the equator and in the eastern Atlantic Ocean. The 500-mb height pattern appears most similar to the AO.

Also, we explore the roles of these atmosphere response patterns on connecting the tropical and extratropical SSTs. The composite anomalies indicate that fluctuations in the midlatitude SST are caused by variability in the overlying atmosphere, which in turn originates from oceanic forcing in the Tropics.  Both AO and PNA-like atmosphere response patterns function as a link or "bridge" whereby tropical non-ENSO SST anomalies induce the dominant pattern of SST anomalies in the extratropical North Pacific and Atlantic.

Qigang Wu (School of Meteorology, University of Oklahoma, Norman, OK 73019; ph. 405-325-6325; fax: 405-325-7689;

email:wuqig@rossby.metr.ou.edu);  David Karoly (School of Meteorology, University of Oklahoma, Norman, OK 73019; ph. 405-325-6446; fax: 405-325-7689; email:dkaroly@ou.edu)
AO, COWL, and Observed Climate TrendsPRIVATE 

The linear trends for a number of fields obtained from the reanalyses of the National Centers for Environmental PredictionNational Center for Atmospheric Research (NCE-PNCAR) are calculated for the Northern Hemisphere winter months (January-March) from the 55-yr period of 1948-2002.  The fields include sea level pressure (SLP); geopotential height at 500 and 50 hPa; temperature at 500 and 50 hPa; zonally averaged height; temperature; zonal, meridional, and vertical velocities from 1000 to 50 hPa; and surface air temperature (SAT). The trend fields are expressed in terms of two alternate expansions: (i) contributions from the Arctic Oscillation (AO) and cold oceanwarm land (COWL) patterns, as defined from the leading modes of an empirical orthogonal function (EOF) analysis of sea level pressure; or (ii) contributions from the modified AO (AO*) and modified COWL (COWL*) patterns, defined from the leading EOFs of 500-hPa height. The residuals in each expansion are considered, and the completeness properties of the expansions are discussed.

Long-term linear trends of various fields at mid- and lower-tropospheric levels project well onto the AO (AO*) and COWL (COWL*) modes. The AO contribution accounts for most of the SLP falls over the Arctic and half

of the SLP rise over the North Atlantic, while the COWL pattern represents the entire negative pressure trend over the Pacific and half of the rise over the Atlantic. In the expansion into AO* and COWL* patterns, the latter

represents most of the SLP trend. Similar remarks hold for the height trend at 500 hPa. In each case the residual is a small fraction of the trend. The observed SAT trend (warming over most of North America and Asia, cooling over northeast Canada and the Pacific) is partitioned nearly equally between contributions from the AO and COWL, although the COWL contribution dominates over North America. In the alternate expansion, the COWL* dominates nearly all of the warming over North America and Asia.  The midtropospheric (500 hPa) temperature trend is mostly due to the COWL (or COWL*) patterns, with the AO representing only the local cooling over Greenland.

The 50-hPa height and temperature trends are not well represented by either set of patterns. The links of the trends in the zonal-mean fields and the AO (AO*) and COWL (COWL*) are weaker than those in the mid- and

lower troposphere.

Qigang Wu (School of Meteorology, University of Oklahoma, Norman, OK 73019; ph. 405-325-6325; fax: 405-325-7689;

email:wuqig@rossby.metr.ou.edu);  David Straus (Center for Ocean-Land-Atmosphere Studies, George Mason University, Fairfax, Virginia; ph. 301-902-1255; fax: 301-595-9793; email: straus@cola.iges.org)
Annular Variability in Simulated Contemporary and Warmer Climates, and its Impacts on the Ocean and Seasonal Rainfall VariabilityPRIVATE 

The CSIRO Mk2 GCM simulated a 'high latitude mode' of the southern hemisphere (SH) that impacted on the ocean temperatures and currents, through surface stress and heat flux. A weak feedback on the atmosphere

was detected (see Watterson, 2000, 2001, and 2002). New Mk3 GCM 'IPCC' simulations allow these effects to be explored at higher resolution (on a 96 x 192 grid), and extended to the warmer climate modeled for the

22nd century. Focusing initially on monthly means of the zonal mean zonal wind, the structure and temporal behavior of the both first and second annular modes is quite realistic compared to those in ERA40

reanalyses. The second (low latitude) mode of the SH propagates quite rapidly poleward, in lag-regression analysis. These components of variability contrast with those associated with ENSO. In the coupled GCM, the ocean responds to the annular modes. However, comparison with AGCM simulations indicates only a limited feedback on the atmosphere. While the simulated mean climate change projects on the modes, the

variability is largely maintained in the warmer climate.  Annular variability has a substantial impact on zonal mean rainfall, while local impacts vary seasonally and geographically, particularly for Australia. The associated latent heating, as well as radiative fluxes, are modified by the modes, and have the potential to influence their

evolution.

I G Watterson (CSIRO Marine and Atmospheric Research, PMB 1 Aspendale, Victoria 3195, Australia; ph. 61-3-9239-4544; fax 61-3-9239-4444; e-mail: Ian.Watterson@csiro.au)
Potential Vorticity Distribution of a Vortex Street Formed by Instability of a Quasi-Geostrophic JetPRIVATE 

Statistic features of a vortex street formed by instability of a quasi-geostrophic jet is investigated by numerical calculation and statistic theory. First, numerical calculation is performed: a jet in the initial state begins to meander and steady vortices are formed. In order to explain the calculated potential vorticity distribution, we compared this result with statistic theory of vorticity mixing for two-dimensional fluid (Robert and Sommeria

1991) and its application to a jet (Thess et al. 1994). Their theory describes that the statistically steady state is characterized by maximum mixing entropy. The theoretically derived stream function vs. potential vorticity relation explains the result in the numerical calculation very well. However, in the numerically calculated vortex street, there remained regions where the fluid is not well mixed. The width of this region affects the features of the vortex street such as distance between vortices.

K Iga (Ocean Research Institute, the University of Tokyo,  1-15-1, Minamidai, Nakano-ku, Tokyo 164-8639, JAPAN;

ph. +81-3-5351-6425; fax +81-3-3377-3395; e-mail: iga@ori.u-tokyo.ac.jp)
Stratospheric Influences of Cold Surges in East Asia in association with Northern Annular ModePRIVATE 

The occurrence of extreme cold surges (CS) in East Asia is explored in association with the propagation of northern annular mode (NAM) from stratosphere to troposphere. Based on the isentropic potential vorticity (IPV) analysis, it is found that the many of extreme CS are initiated and amplified under the influences of the upper level circulations. During the phase of negative propagation of NAM, strong upper-level negative IPV anomalies induce lower tropospheric cold vortex over northeastern Siberia and propagate to lake of Baikal where the climatological Siberian High is usually located. Deepening of upper level trough in east coast of Asian continent, which is also related with upper level IPV anomalies in negative NAM phase, may influence the southern intrusion of the Siberian High.

J Jeong (Department of Earth and Environmental Sciences of Seoul National University, Seoul 151-742 Korea; ph. 82-2-880-5705; fax 82-2-876-6795; e-mail: jjeehoon@cpl.snu.ac.kr); B Kim (Department of Earth and Environmental Sciences of Seoul National University, Seoul 151-742 Korea; ph. 82-2-880-8176; e-mail: s94kbm@snu.ac.kr); C Ho (Department of Earth and Environmental Sciences of Seoul National University, Seoul 151-742 Korea; ph. 82-2-880-8861; e-mail: hoch@cpl.snu.ac.kr); W Choi (Department of Earth and Environmental Sciences of Seoul National University Seoul 151-742 Korea; ph. 82-2-880-6711; e-mail: wchoi@snu.ac.kr)
Dynamics of Convectively Driven Banded Jets in the LaboratoryPRIVATE 

The banded organization of clouds and zonal winds in the atmospheres of the outer planets has long fascinated atmosphere and ocean dynamicists and planetologists, especially with regard to the stability and persistence of these patterns. Several recent studies in the theory and idealized modelling of geostrophic turbulence have suggested some possible explanations for the emergence of such organized patterns. Such theories typically involve highly anisotropic exchanges of kinetic energy and vorticity within the dissipationless inertial ranges of turbulent flows dominated (at least at large scales) by ensembles of propagating Rossby waves. 

In this work we present results from an attempt to reproduce such conditions in the laboratory. Achievement of a distinct inertial range, which is relatively free of viscous dissipation, turns out to require an experiment on the largest feasible scale. In our case, salt-driven rotating convection was induced by gently and continuously spraying dense, salty water onto the free surface of the 13m diameter cylindrical tank on the Coriolis Platform in Grenoble, France. A 'planetary vorticity gradient' or 'beta effect' was obtained by use of a conically-sloping bottom and the whole tank rotated at angular speeds up to ~0.15 rad/s. Over a period of several hours, a highly barotropic, zonally banded flow pattern was seen to emerge, indicating the development of an anisotropic field of geostrophic turbulence. In this talk we will review the analysis of this flow from measurements of velocity fields using PIV techniques, in order to elucidate the nature of dynamical interactions between Rossby waves, turbulent eddies and zonal jets. The implications of these results will also be discussed in light of zonal jets observed in planetary atmospheres and, most recently, in the terrestrial oceans.

P L Read Y H Yamazaki, R Wordsworth (Atmospheric, Oceanic & Planetary Physics, University of Oxford, Clarendon Laboratory, Parks Road, Oxford, OX1 3PU, UK; ph. +44 1865 272082; fax +44 1865 272923; e-mail: p.read1@physics.ox.ac.uk); J Sommeria (LEGI/CORIOLIS (INPG-UJF-CNRS), 21 avenue des Martyrs, Grenoble 38000, France; ph. +33-4-76-86-61-82; fax +33-4-76-87-97-93; e-mail:  sommeria@coriolis-legi.org)
Orographic forcing of jets: simple experimentsPRIVATE 

Earth's topography interacts with fluid circulations in many ways. Coriolis effects promote 'tall structures' in the fluid through the stiffening effect of planetary vorticity, enhancing the effects of mountains in both oceans and atmosphere.  With separated wakes and lee-waves that may be ageostrophic, topography presents a severe modeling challenge. Here we describe (a) upstream blocking and downstream wakes with mountains on a polar beta plane, which involve low-intrinsic-frequency Rossby waves upwind, with topographic waves locally organizing the wake, and (b) some aspects of topographic form drag that arise in the case of Greenland, an ice-mountain greater than 3 km tall, which extends more than ¼ of the distance from Pole to Equator. Jet-like structures form in company with blocking in (a), both upstream and downstream of topography. In (b) the topography interacts with the entire polar vortex and jet stream, enhancing its asymmetries.  Potential vorticity transport and accompanying meridional circulation accompany this orographic flow.  Laboratory experiments viewed with the new technique of optical altimetry will be used as illustration.

P B Rhines (School of Oceanography and Dept. of Atmospheric Sciences, University of Washington, Seattle WA 98195; ph 206-543-0593; email: rhines@ocean.washington.edu)
The role of the stratosphere in extended range forecasts of the near surface weatherPRIVATE 

We investigate the potential for using the downward propagation of anomalies from the stratosphere to the troposphere in extended range forecasts. Considering the near surface zonal mean zonal wind at 60 N and

the near surface temperature in northern Europe as predictands we find that the inclusion of stratospheric information increases the skill of simple statistical forecasts on lead times larger than 5 days. We show

that the simple linear statistical forecast based on stratospheric winds compares favorably to a state-of-the-art dynamical ensemble prediction system. To further improve the forecasts it is necessary to investigate

when the downward propagation reach the surface and when it stops in the tropopause region. To this end other tropospheric and stratospheric predictors, such as the phase of the QBO and the ENSO or the wave forcing at the tropopause, will be included. We also investigate if non-linear schemes based on neural nets and local methods improve the forecasts.

B Christiansen (Climate Division, Danish Meteorological Institute, Copenhagen, DK-2100; ph. +45 39 15 74 29; fax +45 39 15 74 60; e-mail: boc@dmi.dk)
Beta-plane Turbulence in a Basin with No-slip BoundariesPRIVATE 

On a domain enclosed by no-slip boundaries, two-dimensional, geostrophic flows have been studied by numerical simulations of the Navier-Stokes equation with the beta-plane approximation at intermediate Reynolds numbers and a range of values for beta. While most of the results are in agreement with other studies which use different boundary conditions, some aspects show a different and unexpected behavior. 

In a bounded domain without the beta-plane the flow is characterized by the formation of a single domain-sized coherent vortex due to the inverse energy cascade. From the simulations with the presence of the beta-effect it can be observed that the inverse cascade is clearly impeded by the presence of a beta-plane. This leads to a refinement of the flow structures, which scales are in agreement with the Rhines scale. Frequency spectra of the flow profoundly exhibit the existence of basin modes, which excitation is favoured above the formation of vortices. The presence and apparent stability of basin modes on a domain with no-slip boundaries is a rather surprising observation, because these modes are solutions of the inviscid equations. 

The time-mean flow in forced simulations shows a zonal band structure which resembles the flow on a periodic domain (although the kinetic energy of the mean flow represents only 2-4% of the kinetic energy of the turbulent flow field itself). This a rather surprising result as numerous other simulations show a mean flow consisting of a dual gyre on a closed domain. The difference can be subscribed solely to the applied no-slip boundary conditions.

W Kramer M G van Buren; H J H Clercx; G J F van Heijst (Eindhoven University of Technology, The Netherlands; email: w.kramer@tue.nl)
Storm Tracks and Eddy-Jet Interaction: a Comparison Between Atmosphere and OceanPRIVATE 

Energetic eddies on the scale of the internal Rossby deformation radius are prevalant in both the atmosphere and ocean, mainly formed through baroclinic instability.  In the atmosphere the largest time-mean eddy

variability is confined to zonally-extended mid-latitude regions called 'storm tracks'.  The persistence of the storm tracks is thought to be related to localised regions of baroclinicity, orographic forcing and the structure of the mean standing Rossby wave pattern.

We analyse observational data to examine whether time-mean ocean eddy variability is similarly confined to storm tracks and to study their dynamical nature.

We compare atmospheric and oceanic storm tracks for the same period, 1992-2002, using ERA-40, altimetric and surface drifter datasets.  The surface drifters provide information about the mean jets and we study

the relationship between eddies and jets in both systems, examining the eddy vorticity feedbacks within the vorticity budget.

We recover the usual observation that atmospheric storm track eddies act to accelerate the mean flow along the core of the storm track, but bring new emphasis to the comparative role of forcing by planetary vorticity

advection.  The primary atmospheric balance is for the mean advection of absolute vorticity to be zero, with the eddy forcing playing a relatively minor but significant role.  The eddy vorticity forcing acts to shift the jet poleward, as the storm track is poleward of the jet core.

Oceanic storm track eddies act in a variety of ways.  Unlike atmospheric eddies, their maximum variability tends to coincide with the jet core and they may act to accelerate, decelerate or steer the jet.  The storm

track eddy vorticity forcing is of a comparable magnitude to the mean advection of planetary and relative vorticity, although it is finer scale in places.

We discuss the range of eddy-jet regimes present in oceanic storm tracks and relate them to baroclinicity, topographic forcing and the structure of the mean standing Rossby wave pattern.

Chris W. Hughes Chris Wilson (Dept. of Earth and Ocean Sciences, University of Liverpool, 4 Brownlow Street, Liverpool L69 3GP, U.K.; ph. +44-151-794-4101; fax +44-151-794-5196; email: c.wilson@liv.ac.uk); Ric Williams (Dept. of Earth and Ocean Sciences, University of Liverpool, 4 Brownlow Street, Liverpool L69 3GP, U.K.; ph. +44-151-794-5136; fax +44-151-794-5196; email: ric@liv.ac.uk); [*Chris W. Hughes*] (Proudman Oceanographic Laboratory, 6 Brownlow St., Liverpool L3 5DA, U.K.; ph. +44-151-795-4854; fax +44-151-795-4801; e-mail: cwh@pol.ac.uk)
The Effect of Moisture on the Jet LatitudePRIVATE 

A robust result of global warming experiments is a poleward shift of the midlatitude eddy-driven jet.  This has an important impact on such aspects of the climate as precipitation regions, ocean circulation, regional

climate, and climate variability, but the theoretical basis for such a shift remains obscure.  Here we investigate the effect of moisture on the jet latitude in an idealized GCM.  The model consists of gray radiative transfer, a zonally symmetric mixed layer aquaplanet lower boundary, and simplified physical parameterizations.  As moisture content is increased in the model through a parameter in the Clausius-Clapeyron relation, the jet shifts significantly poleward.  We investigate a theory for the shift based on the thermodynamic structure of the midlatitudes, and a related theory involving shifting dry static energy fluxes.  The poleward movement can be reproduced within an energy balance model which makes no reference to momentum fluxes.  We additionally study the importance of static stability on the jet shift.

D M W Frierson (Department of Geophysical Sciences, 5734 S.  Ellis Ave., Chicago, IL 60637; ph. 609-240-2005; fax 773-702-9505; e-mail: frierson@geosci.uchicago.edu); P Zurita-Gotor (UCAR/VSP, GFDL, 201 Forrestal Road, Princeton, NJ 08540; ph. 609-452-6500; e-mail: Pablo.Zurita-Gotor@noaa.gov); I M Held (GFDL, 201 Forrestal Road, Princeton, NJ 08540; ph. 609-452-6512; e-mail: Isaac.Held@noaa.gov)
Rossby Waves and Acceleration-deceleration of Jets on a Sphere or in a Spherical ShellPRIVATE 

Redistribution of angular momentum on a rotating sphere or in a rotating convective spherical shell is reviewed from the view point of Rossby waves. Numerical experiments presented so far demonstrate that, when the rotation rate of the system is large, easterly (retrograde) circumpolar jets emerge for a decaying turbulence of a two-dimensional non-divergent flow on a sphere. When the system allows surface elevation, that is, for a decaying turbulence of a shallow water system on a sphere, not a circumpolar but an equatorial easterly jet with a latitudinal scale of the equatorial deformation radius emerges. For a three-dimensional flow in a rotating spherical shell convectivly driven by given temperature at the inner and the outer boundaries, an equatorial westerly (prograde) jet appears. These rather robust features can be naively explained in the same framework of the angular momentum transport associated with Rossby wave propagation on top of the local mixing of potential vorticity. However, even for the decaying turbulence of two-dimensional non-divergent flow, we still do not seem to understand clearly the detailed evolution of the spectral powers, energy transfer toward large eddies or Rossby waves, and their relationships to the formation of zonal jets. Some of those issues are summarized and tried to be examined.

Y Y Hayashi (Graduate School of Science, Hokkaido University, Sapporo, 060-0810 Japan; ph. +81-11-706-3564; fax +81-11-746-2715; e-mail: shosuke@gfd-dennou.org); M Yamada (Research Institute for Mathematical Sciences, Kyoto University, Kyoto, 606-8502 JAPAN; ph. +81-75-753-7221; fax +81-75-753-7272; e-mail: yamada@kurims.kyoto-u.ac.jp); S Takehiro (Research Institute for Mathematical Sciences, Kyoto University, Kyoto, 606-8502 JAPAN; ph. +81-75-753-7260; fax +81-75-753-7272; e-mail: takepiro@gfd-dennou.org); S Yoden (Graduate School of Science, Kyoto University, Kyoto, 606-8502 JAPAN; ph. +81-75-753-3932; fax +81-75-753-3715; e-mail: yoden@kugi.kyoto-u.ac.jp); K Ishioka  (Graduate School of Science, Kyoto University, Kyoto, 606-8502 JAPAN; ph. +81-75-753-3931; fax +81-75-753-3715; e-mail: ishioka@gfd-dennou.org)
Quasi-periodic poleward propagation of zonal mean anomaliesPRIVATE 

Observational studies have shown that tropospheric zonal mean flow anomalies frequently undergo quasi-periodic poleward propagation. A set of idealized numerical model runs is examined to investigate the physical mechanism behind this poleward propagation. This study finds that the poleward propagation is caused by an orchestrated combination of linear Rossby wave propagation, nonlinear wave breaking at critical latitudes, and radiative relaxation. The importance of the meridional wave propagation and breaking is consistent with

the fact that the poleward propagation occurs only in the parameter space where the potential vorticity gradient is of moderate strength.

S Lee (Department of Meteorology, The Pennsylvania State University, University Park, PA 16802; ph. 814-863-1587; fax 814-865-3663; e-mail: sl@meteo.psu.edu); S W Son (Department of Meteorology, The Pennsylvania State University, University Park, PA 16802; ph. 814-865-0478; fax 814-865-3663; e-mail: sus141@psu.edu); K M Grise (Department of Atmospheric Sciences, Colorado State University, Fort Collins, CO 80523; ph. 970-491-8682; fax 970-491-8449; e-mail: kgrise@atmos.colostate.edu); S B Feldstein (Earth and Environmental Systems Institute, The Pennsylvania State University, University Park, PA, 16802; ph. 814-865-7042; fax 814-865-3191; e-mail: sbf@essc.psu.edu)
Mechanisms for Variability of Annular Modes and JetsPRIVATE 

One of the sources for tropospheric variability associated with the North Atlantic Oscillation or Northern Annular Mode is the stratosphere.  This is somewhat paradoxical given the relatively low mass and kinetic energy residing in the stratosphere.  In this presentation I will examine this argument in more detail and demonstrate the role of planetary rotation in the connection between the stratsphere and the troposphere.

I will further present some statistical evidence which excludes a linear contribution from tropospheric eddies to variability of the North Atlantic Oscillation amplifying the importance of inherently slow dynamical factors, such as stratospheric variability.

Maarten H. P. Ambaum (Department of Meteorology, University of Reading, Reading RG6 6BB, United Kingdom; ph.:+44 (0)118 3786609; fax:+44 (0)118 3788905; email: m.h.p.ambaum@reading.ac.uk)
On the Relationship Between Polar Stratospheric Zonal Flow and Surface Cyclonic ActivityPRIVATE 

We examine the nature of the correlation between the lower and middle stratospheric NAM index and SAT gradients.  Statistical analyses demonstrate that SAT gradients in the tropics are highly correlated with strain in the middle (10 mb) and, to a lesser extent lower (50 mb) polar stratosphere, while SAT gradients in high-latitude regions are highly correlated with polar middle and lower-stratospheric zonal winds. Also of interest are time lags between stratospheric and surface processes: investigation of stratospheric and surface wavenumber correspondence suggests that a two-way exchange mechanism exists between high-latitude surface and stratospheric polar processes, in contrast to a unidirectional exchange mechanism between low-latitude surface and polar stratospheric processes.

J.V. Lukovich (Centre for Earth Observation Science, Clayton H. Riddell Faculty of Environment, Earth, and Resources, University of Manitoba, Winnipeg, Manitoba, R3T 2N2; ph. 204 - 474 - 7279; fax 204 - 474 - 7699; e-mail: lukovich@cc.umanitoba.ca); D.G. Barber (Centre for Earth Observation Science, Clayton H. Riddell Faculty of Environment, Earth, and Resources, University of Manitoba, Winnipeg, Manitoba, R3T 2N2; ph. 204 - 474 - 6981; fax; 204 - 474- 7699; e-mail: dbarber@ms.umanitoba.ca)
On the Spatiotemporal Behaviour of Sea Ice Concentration Anomalies in the Northern HemispherePRIVATE 

In this study we examine the spatiotemporal variability of SIC anomalies in the northern hemisphere during the onset of ice formation.  Examined in particular are time scales associated with coherent regions of persistence in an e-folding time spatial distribution (EFSD). Annual variations of weekly SIC anomalies are studied and spatial relations between positive and negative SIC anomalies explored on a hemispheric scale. Here we find that time scales on the order of 4 - 7 weeks prevail in the northern hemisphere, with regional differences in forcing mechanisms.  Spectral analysis of hemispheric-scale waves (wavenumbers 1 - 4)  and comparison with SIC anomaly extrema suggests a correspondence between waves 1-3 phase and SIC spatial variability. An eastward shift in phase during the 1990s is also observed for all three wavenumbers.

J.V. Lukovich (Centre for Earth Observation Science, Clayton H. Riddell Faculty of Environment, Earth, and Resources, University of Manitoba, Winnipeg, Manitoba, R3T 2N2; ph. 204 - 474 - 7279; fax 204 - 474 - 7699; e-mail: lukovich@cc.umanitoba.ca); D.G. Barber (Centre for Earth Observation Science, Clayton H. Riddell Faculty of Environment, Earth, and Resources, University of Manitoba, Winnipeg, Manitoba, R3T 2N2; ph. 204 - 474 - 6981 ; fax. 204 - 474 - 7699; e-mail:dbarber@ms.umanitoba.ca)
Oceanic Jets Around Bottom Topography in an Oceanic General Circulation ModelPRIVATE 

Topography forces vortex stretching which can be the dominant term in the vorticity dynamics of deep oceanic flows. In turbulent quasi-2D flow, it has long been argued from several points of view (maximum entropy, heuristically) that this should lead to jets aligned along the topography in the sense of anticyclones (cyclones) around mountains (valleys). Vallis and Maltrud (JPO 1993) showed that similar effects occur under topographic beta and planetary beta and demonstrated these effects in QG models, but called for similar studies with models with more complete physics. Here we analyze jet structures around topography in high-resolution, eddy-active simulations of wind-forced circulation in an idealized ocean basin using the GFDL ocean general circulation model MOM4.

R B Scott (Institute for Geophysics, University of Texas , Austin, TX 78759; ph. 512-471-0375; fax 512-471-0375; e-mail: rscott@ig.utexas.edu); W J Merryfield (Canadian Centre for Climate Modelling and Analysis, Victoria, BC V8W 2Y2; ph. 250-363-8263; fax 250-363-8247; e-mail: bill.merryfield@ec.gc.ca)
Jets and Annular Structures in Planetary AtmospheresPRIVATE 

The observed ensemble of planetary atmospheres in the Solar System provides a diverse showcase of geophysical jets and annular structures for a wide range of stratification, rotation, and forcing parameters.  The latitudinal variation of cloud level motions on Jupiter and the other gas giants is generally well marked by discrete trackable features revealing remarkably steady, multiple current systems, crudely spaced as the Rhines scale, but with meridional curvatures exceeding by a factor of three or more the usual stability limit implied by standard QG theory.  Jupiter is the only jovian atmosphere so far sounded by in situ spacecraft but there the measured weak vertical shear and small static stability within the upper troposphere imply a near-unitary Richardson number regime plausibly consistent with an efficient latitudinal mixing of potential vorticity. Venus and Titan both show strongly super-rotational, globally cyclostrophic circulations, as revealed by remote sensing and atmospheric entry probes (including new results from Huygens), while the more Earth-like planet Mars exhibits an IR-sounded thermal structure implying strong polar jets with a large seasonal modulation.  There is as yet no coherent theory for the extraterrestrial weather regime, and the largely unknown lower boundary conditions for the jovian circulations and to some extent the uncertain micrometeorology and upper level wave drag on the others continues to limit their definitive simulation with GCMs.  PV thinking may, however, provide one pathway toward a more comprehensive understanding, to be illustrated with a selected collection of idealized examples.

M Allison (NASA/Goddard Institute for Space Studies 2880 Broadway; New York, NY  10025; ph. 212-678-5554; fax 212-678-5552; e-mail: Michael.D.Allison@nasa.gov)
A climatology of the QBO through the MTMSVDPRIVATE 

A climatology of the QBO signal has been constructed through the multitaper method-singular value decomposition (MTMSVD). Two different datasets were used: data from the high vertical resolution configuration of the atmospheric general circulation model MAECHAM5 (M5) and from the ERA40 reanalysis. Zonal monthly mean data for 21 years (1979 -1999) and for 18 stratospheric and lower mesospheric levels between 100hPa and 0.1hPa for ERA40 and 22 levels between 100hPa and 0.01 hPa for MAECHAM5 have been used.

The MTMSVD is used to detect and reconstruct the QBO signal in the zonal wind over the tropics and also the variability induced in this field at middle and high latitudes and in other variables as meridional wind, temperature and Eliassen Palm flux components and divergence for each season independently. The results provide a consistent picture of the tropical QBO structure and of its signal induced at higher latitudes in each season. In general, the spatial patterns obtained for both datasets show similar characteristics. However, some differences are found between the QBO signal reconstructed for M5 and ERA40 data as for the EP flux components and the QBO structure at mesospheric levels. 

The results show a strong seasonal dependence, mainly at middle and high latitudes. The QBO modulation of the polar vortex is found more intense in the winter of the northern hemisphere in agreement with previous studies and the highest anomalies located around the level of 0.5 hPa for both datasets. The results also show important differences in the secondary meridional circulation strength between the summer and winter hemisphere that are less intense during spring and autumn.

Cristina Peña (Depto CC. Ambientales. Universidad Pablo de Olavide. Carretera de Utrera, Km1, 41013 Sevilla, Spain; Tel: (34) 680814137; Fax: (34) 954349151; Email: cpenort@upo.es) ; Pedro Ribera (Depto CC. Ambientales. Universidad Pablo de Olavide. Carretera de Utrera, Km1, 41013 Sevilla, Spain; Tel: (34) 954349131; Fax: (34) 954349151; Email: pribrod@upo.es) ; Ricardo Garcia-Herrera (Depto. Fisica de la Tierra II. Universidad Complutense de Madrid.Ciudad Universitaria s/n 28040 Madrid Spain, tel: (34)913944490 fax:(34)913944635; Email: rgarciah@fis.ucm.es); Marco Giorgetta (Max Planck Institute for Meteorology, Bundesstr.53, 20146Hamburg, Germany; Tel/Fax: +494041173-358/-298; Email: giorgetta@dkrz.de )
Eddy amplitudes in baroclinic turbulence driven by non-zonal mean flows:  Shear dispersion of potential vorticityPRIVATE 

As in the midlatitude atmosphere, midocean eddies are generated by baroclinically unstable mean currents. In contrast to the atmosphere, as pointed out by, e.g., Spall (2000) and Arbic and Flierl (2004), oceanic currents are significantly non-zonal. Even weak non-zonal currents are linearly unstable, since beta does not suppress growing meridional waves. Theories for the nonlinear equilibration of baroclinic instability, and hence theories for the amplitudes of midocean eddies, must therefore take into account the different dynamics of non-zonal flow. It is shown here that the amplitude of fully developed baroclinic turbulence due to non-zonal shears differs from that due to zonal shears primarily in the nature of the eddy generation. Since beta will act to create large-scale zonal elongation regardless of the generation source, the eddy velocities in the zonal and meridional directions are fundamentally different, the former being jet-like, and the latter being nearly random and isotropic. Thus the flux of potential vorticity in each direction (equivalent to the eddy energy generation rate) occurs through different processes. The cross-jet mixing has been shown previously to obey a mixing-length scaling, and this corresponds to the generation due to unstable zonal flow. The along-jet mixing, by contrast, is shown here to be a best described by a shear dispersion model, and this corresponds to the generation due to the unstable meridional shear. The resulting flux is far higher than in the cross-jet direction, and thus eddy energies driven by baroclinically unstable mean flows with a non-zero meridional component are much larger.

K S Smith (Center for Atmosphere Ocean Science, Courant Institute of Mathematical Sciences, New York University, New York, NY 10012; ph. 212-998-3176; fax 212-995-4121; e-mail: shafer@cims.nyu.edu)
The Response of the Northern and Southern Hemisphere Annular Modes to Anthropogenic ForcingsPRIVATE 

Observations show an increase of the westerlies at tropospheric mid-latitudes which is consistent with a positive trend in the index of the tropospheric Annular Modes.  Past studies suggested that stratospheric dynamics plays an important role in understanding the observed changes of Annular Modes if caused by increased anthropogenic forcing. It has been suggested that the Northern Hemisphere Annular Mode can be attributed to the increase of greenhouse gases while the increase of the Southern Hemisphere Annular mode is mainly caused by ozone depletion.  We use experiments with the GFDL model in order to investigate the nature of these dynamical changes in more detail. Two sets of ensemble simulations are carried out, one with observed changes in atmospheric composition, and a second one with increase in SST at the Indian Ocean. Recent studies have shown that the warming of the Indian Ocean is a clear greenhouse gas signal. We will compare changes in tropospheric and stratospheric circulation between these experiments, and between experiments and observations.  The results will allow us to distinguish between effects due to ozone depletion

and increase in greenhouse gases, and to understand better the role of stratospheric circulation changes in observed tropospheric trends.

J Perlwitz (CIRES, University of Colorado, 216 UCB, Boulder CO 80305; ph 303-497-4814; fax 303-497-6449; e-mail:
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Tropical/High-Latitude Dynamical Connections in the Winter StratospherePRIVATE 

Using climatologies of inertial instability and Rossby wave breaking using United Kingdom Met Office (MetO)

assimilated analyses from November 1991 through March 2004, we have identified specific, deep regions of

possible dynamical connections between the tropics and the high latitudes in the winter hemispheres.  

Our results for the upper and middle stratosphere indicate deep poleward-and-eastward channels of higher

inertial instability frequency extending from the central equatorial Pacific during November-March in the Northern Hemisphere, and July-September in the Southern Hemisphere.  These corridors of enhanced

inertial instability frequency are generally found just poleward of regions of frequent Rossby wave breaking.  Both the poleward-eastward channels and the slight poleward offset of the instability versus the Rossby wave breaking region are evident from the stratopause downward into the middle stratosphere.  

Furthermore, inertial instability episodes are observed in concert with stratospheric sudden warmings, with the inertially unstable region typically developing along the poleward-and-eastward channels noted above.  

The existence of these chronic channels of heightened Rossby wave-triggered instability raises the possibility of narrowly focused regions of tropical-extratropical interactions in the stratosphere.  Because the Rossby wave breaking trigger is anchored spatially and temporally, these results suggest very specific regions and times in which to look for these interactions.

J A Knox (Faculty of Engineering, University of Georgia, Athens, GA 30602; ph. 706-542-6067; fax 706-542-8806; e-mail: johnknox@uga.edu); V L Harvey (Laboratory for Atmospheric and Space Physics, University of Colorado, Boulder, CO 80309; ph. 303-492-2920; fax 303-492-6946; e-mail: lynn.harvey@lasp.colorado.edu)
Nonlinear Relation of the Arctic Oscillation (AO) With the Quasi-Biennial Oscillation (QBO)PRIVATE 

A Nonlinear Principal Component Analysis (NLPCA) is applied to the monthly-mean Arctic Oscillation (AO) index, computed using the 1000-hPa geopotential height anomalies pole-ward of 20N, and the monthly-mean zonal winds, observed at seven pressure levels from 10 to 70 hPa near the equator, to investigate the nonlinear relation of the AO with the QBO. The NLPCA is conducted using a two-hidden-layer, feed-forward neural network model that has no encoding layer and no bias term for bottleneck and output neurons. This type of simplified neural network model alleviates the problems of data over-fitting and non-unique model solutions plaguing nonlinear techniques of principal component analysis.

The NLPCA solution of the dataset composed of the AO index and the QBO winds clearly shows that the phase of co-variation of the AO and the QBO has a predominant 28.4-month cycle and that this cycle is modulated by cycles with periods of 11 years and 22.5 years. Large positive (negative) values of the AO index occur when westerly (easterly) winds prevail in the equatorial stratosphere during November-April (and particularly January-March). Otherwise, the AO is rather quiet. Implications for the dynamical coupling of the troposphere and stratosphere will be described.

Beiwei Lu (Department of Earth and Ocean Sciences, University of British Columbia, Vancouver, BC V6T 1Z4, Canada; phone 604-822-3591; fax 604-822-6088; email: blu@eos.ubc.ca); Lionel Pandolfo (Department of Earth
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Baroclinic Instability as a Source for Jupiter's Zonal JetsPRIVATE 

Jupiter's atmosphere is dominated by strong zonal jets. We propose that baroclinic instability plays an important role in the generation and stability of these jets. We model the atmosphere as a two layer structure, where the upper one is a standard quasi-geostrophic layer on a beta plane, and the lower layer is parameterized to represent a deep interior convective columnar structure. Linear stability theory predicts that the high wave number perturbations will be the dominant unstable modes for a weak vertical wind shear like that inferred from

observations. We develop an analytical nonlinear model truncated to one growing mode which generates a multiple meridional jet structure, driven by the nonlinear interaction between the eddies. In the weakly

supercritical limit this model agrees with previous nonlinear theory, but it can be explored beyond this limit allowing the multiple jet zonal flow to be stronger than the eddy field. Then we use a fully nonlinear pseudo-spectral model which reproduces a stable meridional multi-jet structure when beginning from a random potential vorticity perturbation field. The instability removes energy from the mean state weak baroclinic shear and generates turbulent eddies that undergo an inverse energy cascade and form stable multi-jet zonal winds. We show that the basic physical mechanism for the generation of the jets in the full numerical model is similar to that of the truncated model.

Y Kaspi (Department of Earth, Atmospheric and Planetary Sciences, MIT, Cambridge, MA 02139-4307; ph. 617-253-5934; fax 617-253-4464; e-mail: yohai@mit.edu); G R Flierl (Department of Earth, Atmospheric and

Planetary Sciences, MIT, Cambridge, MA 02139-4307; ph. 617-253-4692; fax 617-253-4464; e-mail: glenn@lake.mit.edu)
Relations Between the Annular Modes and the Mean StatePRIVATE 

We study the influence of the background state on the structure and  dynamics of the southern hemisphere annular mode (SAM), defined as the  first EOF of monthly 850hPa geopotential anomalies.  Subsets of the climatology are constructed for different seasons and for  contrasting polarities of the ENSO cycle. The analysis is based both on  observations and on perpetual-state GCM experiments.

During the austral summer, the climatology is characterized by a single,  well-defined, eddy-driven jet centered at a varying mean latitude between  subsets. It is found that in all the cases, the SAM is characterized by 

latitudinal shifts of the jet about its mean position, reinforced by a positive momentum flux feedback from baroclinic waves. This result, consistent with previous studies of the zonally-averaged dynamics, is found here to hold over all longitudes and for different positions of the mean jet.

The strong differences in the amplitude of the SAM among the various climatologies seem to be determined by a combination of (1) the variance of the "random" forcing by transient eddies, and (2) the strength of the positive feedback component of this forcing.  The latter mechanism tends to become stronger when the mean jet moves  equatorwards.

During the austral winter, a strong subtropical jet lies over the Indo-Pacific sector in addition to the eddy-driven jet. The SAM keeps a quasi-zonally-symmetric structure in geopotential and zonal wind anomalies, but it exhibits two different behaviors: (1) over the sector in which the subtropical jet is weak, the SAM represents shifts of the midlatitude jet about its mean position. (2) It becomes instead a see-saw between the midlatitude and subtropical jet over the longitudes where the latter is strong.

Francis Codron (Laboratoire de Meteorologie Dynamique, CNRS/UPMC, 75252  Paris Cedex 05, FRANCE; ph (33) 1 44 27 73 52; fax (33) 1 44 27 62 72;  email fcodron@lmd.jussieu.fr)
Impact of Long-Range Correlations on Trend Detection in the Total OzonePRIVATE 

For the purpose of trend analysis memory is an issue. For time series with strong serial correlations it is difficult to distinguish a trend from natural variability. All previous studies of trends in total ozone used either an ordinary least squares trend estimate assuming that residuals are a white noise or a generalized least squares estimate with autoregressive model of the first order for the residuals. Based on the

calculated in this way variance of the trend one can derive the number of years required to detect an expected positive trend in total ozone at a certain level of statistical significance. In our study we revise these results starting with the assumption that residuals of the total ozone time series are long-range correlated, i.e. their autocorrelation function decays by the power law.
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Zonal Jet and Recirculation Gyres From the Rectification of Localised Oscillatory Forcing: A Laboratory, Numerical and Theoretical StudyPRIVATE 

The generation of a time-mean zonal jet and a pair of recirculation gyres from the rectification of a vorticity forcing that is localised in space and oscillatory in time is re-examined via laboratory experiments, numerical

simulations and analytical analysis.  Lab experiments verified that a small patch of oscillatory Ekman pumping, noted to produce a time-mean jet in numerical simulations, also produces this rectified flow in a real fluid, and also demonstrated that the jet strength and pattern are sensitive to various parameters of the forcing, such as amplitude, frequency and length scale.  Numerical simulations gave insight into the rectification mechanism,

namely the up-gradient turbulent transport of relative vorticity in the forcing region, and provided a means by which to relate forcing parameters to properties of the mean-flow generated.  Finally analytical analysis of the problem gave further understanding, emphasising the localised nature of the rectification mechanism.

The problem is idealised but has general application in the understanding of eddy-eddy and eddy-mean flow interaction as the contrasting limit to that of spatially broad (basin-wide) forcing, and is relevant given many sources of oceanic eddies are localised in space.  Experiments in the laboratory and with the simulations suggest that essential characteristics of the mean flow generated are unchanged through the transition from a weakly nonlinear to strongly nonlinear regime, and that understanding of the rectification mechanism gained in the weakly nonlinear wave limit remains valid in the fully turbulent (and more oceanically relevant) system.  The problem's potential importance in the dynamics that drive the deep recirculation gyres associated with western boundary current jet extensions is currently under investigation.

S N Waterman (MIT/WHOI Joint Program in Physical Oceanography, Department of Earth, Atmospheric and Planetary Science, Massachusetts Institute of Technology; Cambridge, MA 02139; ph. 617-233-5934; fax

617-253-4464; email: snw@mit.edu); S. R. Jayne (Physical Oceanography Department, Woods Hole Oceanographic Institution, Woods Hole, MA 03543; ph. 508-289-3520; fax 508-457-2181; email: sjayne@whoi.edu)
Wave-Mean-Flow Interaction and the Annular ModesPRIVATE 

The dynamics of zonal-mean jet variability are explored using a simple GCM. In this GCM, the leading EOF (the 

annular mode) represents the north/south movement of the mid-latitude jet. Analysis of the momentum budget 

demonstrates that EOF1 dominates over other EOFs because of a long-term positive feedback between the EOF1 

zonal-mean wind anomalies and the eddy momentum fluxes. To first order, EOF2 represents a strong, sharp jet 

in one phase and a weak, broad jet in the other phase.

The response of the eddies to the zonal-mean flow is explored using a large ensemble of model runs initialized 

with a particular zonal-mean state and a large number of different eddy states taken directly from the control 

run. When initialized with zonal-mean annular mode anomalies, the ensemble mean response shows a transient 

period of negative eddy forcing (i.e. tending to damp the annular mode) followed, after several days, by a period 

of long-term reinforcement by the eddies. In contrast, the eddy response to zonal-mean EOF2 anomalies shows 

only the transient negative response. By increasing the width (meridional-scale) of the initial zonal-mean 

anomaly, one can reduce or eliminate the transient negative response. In addition, the wide initial anomalies are 

quickly narrowed by the eddies to scales more like the internal variability of the model.

A different set of ensemble runs were performed where the zonal-mean state is reinitialized at the end of every 

day during the integration. Thus the zonal-mean state is nearly fixed in time (the eddies are free to evolve just 

as before). The general behavior of the eddy response to the annular mode is exactly the same as before, but 

the eddy response to EOF2 is negative for both the transient and the long-term response. In addition, we look at 

the eddy response to a "barotropic version" of the annular mode anomalies and find that the eddies damp the 

"barotropic annular mode" for both short and long time scales. This last experiment suggests that changes in 

baroclinicity are important for the long-term positive eddy response to the annular mode.

The results suggest that baroclinic eddies concentrate the mid-latitude jet until the jet becomes a waveguide, 

which limits further concentration through a reduction in eddy propagation out of the jet.

D J Lorenz (Center for Climate Research, University of Wisconsin-Madison, Madison, WI 53706; ph. 608-262

-1956; fax 608-263-4190; e-mail: dlorenz@wisc.edu)
Climate Change and the Annular ModesPRIVATE 

The observed climate change of the past few decades is characterized not only by increases in global mean temperatures but by substantial changes in the structure of the atmospheric circulation as well. In this overview talk, I will review the role of the annular modes in the observed trends in the atmospheric flow, outline the mechanisms thought to give rise to low frequency variability in the annular modes, and discuss the simulated annular mode response to external forcing. The seasonality, vertical structure, and robustness of the observed and simulated trends will be discussed. The impact of increasing anthropogenic emissions on the annular modes will be explored.

David W J Thompson (Department of Atmospheric Science, Colorado State University, Fort Collins, CO 80523; ph. 970-491-3338; fax 970-491-8449; e-mail: davet@atmos.colostate.edu)
A Model Study of the Physical Mechanism of Polar Atmospheric Response to SST AnomaliesPRIVATE 

The response of the polar southern hemisphere atmosphere to a prescribed trend of oceanic equatorial temperature has been simulated to demonstrate a possible link between the progressive warming of tropical Sea Surface Temperature (SST) and Antarctic climate changes in the last decades. Model simulations produce an atmospheric response suggesting an influence of equatorial SST on polar dynamics, particularly during summer months, which project strongly into the Southern Annular Mode (SAM) tendency.  The dynamical mechanism, by which changes in tropical SSTs exert an influence on the upper latitude atmospheric dynamics, is investigated. The analysis of the simulation results seems to highlights a large-scale perturbation of atmospheric circulation driven by the SST perturbation through the enhanced tropical convective activity. In particular, the introduction of the SST perturbation seems to generate a strong vertical wind shear around 55° of latitude, affecting the propagation of middle latitude planetary waves.

B Grassi (Department of Physics, University of L'Aquila, Coppito- L'Aquila, ITALY 67010; ph. +39-0862-433118; fax +39-0862-433033; e-mail: barbara.grassi@aquila.infn.it); G Redaelli (Department of Physics, University of L'Aquila, Coppito- L'Aquila, ITALY 67010; ph. +39-0862-433076; fax +39-0862-433033; e-mail: Gianluca.Redaelli@aquila.infn.it); G Visconti (Department of Physics, University of L'Aquila, Coppito- L'Aquila, ITALY 67010; ph. +39-0862-433075; fax +39-0862-433033; e-mail: Guido.Visconti@aquila.infn.it)
The Antarctic Circumpolar CurrentPRIVATE 

The Antarctic Circumpolar Current (ACC) encircles Antarctica.  It is the only annular flow within the Earth's global ocean.  Its transport is estimated to be approximately 130 Sv (106 m3/s), making it comparable in size to the Gulf Stream or Kuroshio Extension in the Northern Hemisphere.  The ACC consists of multiple filamented jets that correspond to fronts, separating distinct water masses.  From north to south the primary jets are commonly identified as the Subantarctic Front, the Polar Front, and the Southern ACC Front.  The ACC is forced by some of the strongest surface winds on Earth, and observational evidence suggests that fluctuations in wind accelerate and decelerate the transport of the ACC.  Because the Southern Ocean is large, with few accessible ports, in situ observations of the system are limited. Satellite observations of sea surface height (from altimeters) and of sea surface temperature (from the AMSR-E microwave sensor) indicate that the ACC fronts meander with a range of approximately 100 km north and south of their mean positions with timescales on the order of 30 days. The fronts also spawn numerous warm core and cold core rings.  Detailed interpretation of satellite data can be difficult, because sea surface temperature sensors cannot see below the ocean surface and altimeters measure variability but not mean dynamic topography.  Autonomous floats and drifters provide additional evidence of the structure of the ACC. Comparisons of temperature profiles collected by ships and floats show that the ACC has warmed more rapidly than other parts of the global ocean during the past 50 years, suggesting that it is an important location for studying climate change.

S T Gille (Scripps Institution of Oceanography, University of California San Diego, 9500 Gilman Dr., Mail Code 0230, La Jolla, CA 92093-0230; ph. 858-822-4425; fax 858-534-9820; e-mail: sgille@ucsd.edu)
Potential vorticity staircases in rotating stratified fluids: the role of anisotropic Rossby-wave propagationPRIVATE 

In a rotating, stably stratified fluid that supports Rossby waves and instabilities, the planetary vorticity gradient is an unstable equilibrium, in the following sense. If an external perturbation (such as an overturning circulation or deep convection) acts to create a jet in the direction of planetary rotation, lateral mixing due to breaking waves and instabilities involving Rossby-wave propagation (such as barotropic and baroclinic instability) reinforces the jet structure, steepening the potential vorticity gradient at the jet core, while maintaining a well-mixed region on either side of the jet. If the eddies are sufficiently strong and their meridional scale significantly different from that of the external forcing, the number and/or spacing of jets may be determined by the eddies themselves. To the extent that the eddies originate from Rossby waves, and the waves originate from instabilities involving Rossby-wave propagation, the following argument may be offered to explain the existence of pro-grade or “westerly” jets interleaved with mixing zones. Westerly jets experience relatively little meridional displacement of parcels owing to the fact that Rossby waves and instabilities cannot have a critical layer at the core of the jet. The intrinsic frequency of propagating Rossby waves is negative in a region of positive potential vorticity gradient; therefore, if a critical layer existed at the westerly jet maximum, the intrinsic frequency would be positive elsewhere, contradicting the requirement that the intrinsic frequency be negative. The critical layer for barotropic and baroclinic instabilities is located in a region of reversed potential vorticity gradient which occurs, if at all, in the flanks of a westerly jet. Wave breaking and the associated large parcel displacements are, for the most part, confined to critical layers between the westerly jets. Inhomogeneous mixing thereby leads to the formation of a staircase in potential vorticity, the location and number of jets being determined by a combination of external forcing and dissipative processes, wave spectra, eddy scales and mixing intensity. Examples of staircases are described in a model constrained by angular momentum and potential vorticity conservation with eddy fluxes determined by a spectral parameterization of Rossby waves. For a variety of reasons, westerly jets are imperfect barriers to transport in planetary fluids. We discuss the sensitivity of meridional transport to the asymptotic form of eddy fluxes in the vicinity of the jets.

T J Dunkerton (NorthWest Research Associates, Bellevue, WA 98009-3027; ph. 425-644-9660; fax 425-644-8422; e-mail: tim@nwra.com); P B Rhines (School of Oceanography, Box 355351, Seattle, WA 98195; ph. 206-543-0593; e-mail: rhines@ocean.washington.edu)
Eddy Forcing of the Zonally-Symmetric Atmospheric General CirculationPRIVATE 

The interactions between the zonally-averaged flow and the various eddy circulations in the atmosphere are studied using NCEP/NCAR Re-analysis data. The contributions to zonal and potential temperature tendencies and zonal kinetic energy production due to both the Ferrel and Hadley circulations are determined. Inferences are then made regarding the processes that affect the strong cores of the jet stream and the forms of zonally-averaged models of the atmosphere that are appropriate for studies of this type. It will be shown that there is considerable wave-mean flow interaction in the atmosphere, with the circulation induced by eddy motions being primarily responsible for the maintenance and seasonal variations of the zonally-averaged jet core.

L Pandolfo (Department of Earth and Ocean Sciences, University of British Columbia, 6339 Stores Road, Vancouver, BC, V6T 1Z4, Canada; ph. 604-822-1814; fax 604-822-6088; e-mail: lionel@eos.ubc.ca); D Quinn (Department of Mathematics, University of British Columbia, Vancouver, BC)
Dynamics of the Antarctic Circumpolar Current, the Ocean's Annular ModePRIVATE 

A zonal-average model of the Antarctic Circumpolar Current (ACC) and its associated meridional overturning circulation is constructed in the framework of residual-mean theory and used to discuss the processes - wind, buoyancy, eddy forcing and boundary conditions - that control its strength and sense of circulation. The geometry of the thermocline "wedge", set by the mapping between the vertical spacing of buoyancy surfaces (the stratification) on the equatorial flank of the ACC and their outcrop at the sea surface, is seen to play a central role by setting the interior large-scale potential vorticity distribution. It is shown that the action of eddies mixing this potential vorticity field induces a residual flow in the meridional plane much as is observed, with upwelling of fluid around Antarctica, northward surface flow and subduction to form intermediate water. Along with this overturning circulation there is a concomitant air-sea buoyancy flux directed in to the ocean.

J C Marshall (Department of Earth, Atmospheric and Planetary Sciences, Massachusetts Institute of Technology, Cambridge, MA 02139; ph. 617-253-9615; fax 617-253-4464; e-mail: jmarsh@mit.edu)
Bifurcation Dynamics in Storm Track SystemsPRIVATE 

It is by now well understood that variability in transients drives variability in eddy-maintained jets.  An extreme case of transient variability occurs when the properties of transients change dramatically due to an infinitessimal change in an external parameter.  Such bifurcations in transient variability occur in quasi-geostrophic systems possessing storm tracks of enhanced synoptic time scale variability, leading to the collapse of the storm track and introducing the possibility for multiple, coexisting chaotic attrators for identical

forcing and dissipation.

Kyle L Swanson (Department of Mathematical Sciences, University of Wisconsin-Milwaukee, Milwaukee, WI  53201; ph 414-229-3947; e-mail: kswanson@uwm.edu)
On the Zonal Structure of the Annular ModesPRIVATE 

We pursue the ongoing question of the zonal structure of the annular modes (AMs). Although the meridional structure of the AMs is robust, the zonal structure can be hemispheric or regional depending on the analysis technique used. What is the physically meaningful characteristic scale of the AMs? We find a partial answer in a systematic sector-EOF analysis that extracts robust circulation patterns that represent the AM regional signature.  These patterns consist of zonally localized, eastward-propagating, structures with the dipolar meridional structure of the annular modes. To our surprise, these patterns have the form of propagating long baroclinic waves that transport heat polewards. The regional patterns exhibit long range correlations in longitude that may account for the annular modes’ hemispheric scale.

P J Kushner (Department of Physics, University of Toronto, 60 St. George St., Toronto, ON Canada M5S 1A7; ph. 416-946-3683; fax 416-978-8905; e-mail: paul.kushner@utoronto.ca)
What kind of sudden stratospheric warming propagates to the tropospherePRIVATE 

The factors affecting the downward propagation of sudden stratospheric warming (SSW) events to the troposphere are studied through composite analysis of 45-year reanalysis data from the European Centre for Medium-Range Weather Forecasts. During the growth stage of SSW, events that propagate into the troposphere exhibit enhanced upward flux of the wavenumber 2 wave, while events that do not propagate downward display reduced wavenumber 2 flux. In both events, upward flux of the wavenumber-1 wave is enhanced, but the enhancement is stronger in the non-propagating event. The composite for propagating events reveals a negative Eurasian pattern of horizontal geopotential anomalies in the troposphere during the growth stage, and a negative Arctic Oscillation pattern following the event, while non-propagating events are preceded by a positive Eurasian pattern. In both types of event, the tropospheric anomalies are generated mainly by tropospheric planetary wave forcing prior to the emergence of SSW.

K Yamazaki (Faculty  of Environmental Earth Science, Hokkaido University, Sapporo, Japan 060-0810; ph. +81-11-706-2361; fax +81-11-706-4865; e-mail yamazaki@ees.hokudai.ac.jp);  K. I. Nakagawa (Sapporo District Meteorological Observatory, Japan Meteorological Agency, Sapporo, Japan; ph.+81-11-611-6124; fax +81-11-611-6121 e-mail ken-ichi.nakagawa@met.kishou.go.jp)
How Cavity-like is the Winter Stratosphere?PRIVATE 

Everything we know theoretically about Rossby-wave dynamics tells us that the wintertime stratospheric surf zone should be a partial reflector of planetary-scale Rossby-wave activity.  Matsuno's view of the stratosphere

as a more or less weakly resonant cavity should therefore have some validity, implying in turn not only phenomena like the Holton-Tan effect but also that the stratosphere must have some influence on the

troposphere.  Indeed, some recent models of polar-vortex dynamics that appear to produce qualitatively reasonable behaviour have such downward influence built in from the start, because their "surf zones" are perfect reflectors by construction.  These are the contour-dynamics and related models recently studied in the fluid-dynamics literature.  I propose to discuss these issues and to illustrate them with some unpublished model

results demonstrating resonant effects dependent on surf-zone reflectivity.  Such reflectivity is of course a nonlinear phenomenon and outside the scope of linear concepts like refractive index.

M E McIntyre (Department of Applied Mathematics and Theoretical Physics, University of Cambridge, UK; ph. +44-1223-337871;  fax +44-1223-760419; e-mail: mem@damtp.cam.ac.uk)
Change of Fire Frequency in the North Algeria Forests, does Vegetation Composition or Climate trigger the Fire regime, anlysis with Remote SensingPRIVATE 

Studies on the variability of natural fire regimes are needed to understand plant responses in a changing environment. Since vegetation changes might follow or trigger changes in fire frequency, climate models suggest that changes in water balance will accompany current global warming, and the response of fire regimes to Holocene hydro-climate changes and vegetation switches may thus serve as a useful analogue for current change. We present in this work analysis of comportment of forest by remote sensing analys of  some pollen diagrams from the zone is used to evaluate the role of the local vegetation in the fire history. Fire frequency was reconstructed by measuring the separation of peaks after detrending the charcoal accumulation rate from any background. Usuly Fire frequency changed 1000 years earlier in the coniferous-boreal forest than in the mixed-boreal forest to the south. The absence of changes in combustibility species in the pollen data that could explain the fire frequency transition suggests that the vegetation does not control the long-term fire regime in the boreal forest.

The utilization of the pictures of remote sensing of identifying the frequency of the fires of drill and following the climatic change during these last years one notes an increase of the fires of drills in the Algerian north an evaluation of 50 000 hectares this years 2005 valued following the treatment of the pictures ALSAT-1.

the results of the these works show that it is necessary to take some strategic measurements in order to don't lose our drills

Zegrar Ahmed National Center of Spaces Technics, Algeria, Division of remote sensing , spaces applications BP 13 , 1 avenue de la Palestinem 31200 Arzew , Algeria, Tel : 00 213 62 40 89 5; z_ahmed65@yahoo.fr

