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Because of the extensive diversity of their physical-chemical states, exploration and studies of the atmospheres of other planets benefit us -both broadening our scientific knowledge in general and gaining insight into the Earth's atmosphere in particular. In this work, a one-dimensional photochemical-transport model for the martian lower atmosphere has been developed to study the diurnal cycles of wave-photochemistry coupling. The model self-consistently calculates water vapor mixing ratio profiles, which exhibit strong vertical and diurnal variations mainly due to the high sensitivity of the saturation vapor pressure to temperature variation. The dynamical coupling of water vapor caused by the temperature variation induced by tidal waves, vertical transport parameterized by eddy diffusion, and linear relaxation introduced in condensation-sublimation processes all have similar timescales of diurnal variation. This leads to a significant asymmetric distribution of water vapor concentration as a function of local time. As a result, the net effect of the temperature variation by tidal waves depletes the water vapor concentration in its diurnal mean. 

The coupling processes also deplete the diurnally averaged Hox concentration, which in turn leads to significant enhancements of both ozone concentration and the associated airglow emissions in the martian atmosphere. The model also shows explicitly the importance of photochemical-transport coupling to the airglow emissions and its implications in species retrievals when the photochemical times of the excited states are comparable to the timescale of diurnal variation.

Modulated Annual Cycle:

An Alternative Reference Frame for Climate Anomaly

Zhaohua Wu

Anomaly is something which deviates from the standard or expected, and is an irregularity which may be difficult to explain using existing rules or theory. The definition of anomaly involves a reference frame from it the deviation can be determined. When a reference frame is changed, the corresponding anomaly is changed. As a consequence, the physical explanations for the anomaly may change as well.

 
In climate science, anomaly is often the deviation from its annual cycle. Traditionally, this annual cycle is assumed to be an exact repeat of itself year by year. However, such a repeatable annual cycle is assumed based on the perception of the annual evolution of the Earth’s orbit and revolution. Such assumption is often wrong when the annual cycle of a climate variable is concerned and the nonlinearity of climate system is considered.

 
In this talk, we reexamine the reference frame for climate anomaly. We proposed an alternative reference frame for climate anomaly:  the amplitude-frequency modulated annual cycle (MAC) that allows the change of annual cycle. We also introduce a new method to extract MAC in climate data.


With MAC, we can define an alternative copy of anomaly. Based on the anomaly with respect to MAC, we reexamine the physical mechanisms such as the “reemergence” mechanism and the apparent ENSO phase locking to annual cycle. We find that the “reemergence” mechanism may be better interpreted as a mechanism for explaining the change of annual cycle rather than for explaining the interannual to interdecadal persistence of SST anomaly. We also find that the apparent ENSO phase locking is largely due to the residual annual cycle (the difference of the MAC and the corresponding traditional annual cycle) contained in the traditional anomaly, and hence, can be interpreted as a scenario of a part of annual cycle phase locked to annual cycle itself. The delayed oscillator model of ENSO is used to verify the argument.


Two more examples of the implications of MAC to the methodology of climate study are also presented. We illustrate the problems of concepts such as “decadal variability of summer (winter) climate” in the climate study and suggest more logically consistent concepts of interannual or/and decadal variability of climate. We also point out the drawbacks related to the stationary assumption in previous studies of extreme weather and climate and propose a non-stationary framework to study extreme weather and climate. 

The concept of amplitude-frequency modulated annual cycle, a method to extract it, and the implications of amplitude-frequency modulated annual cycle in climate study presented in this study constitute our efforts to construct an alternative framework for climate study, especially for climate variability of interannual to decadal timescales.
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Abstract:

        The typical equation for bed level change in sediment transport in river, estuary and near shore systems is based on conservation of sediment mass. It is generally a nonlinear conservation equation for bed level. The physics here are similar to shallow water wave equations and gas dynamics equation which will develop shock waves in many circumstances. Many state-of-art morphological models use classical lower order Lax-Wendroff or modified Lax-Wendroff schemes for morphology which are not very stable for long time sediment transport processes simulation. Filtering or artificial diffusion are  often added to achieve stability. In this paper, several shock-capturing schemes are discussed for simulating bed level change with different accuracy and stability behaviors. The conclusion is in favor of a fifth order 

Euler-WENO scheme which is introduced to sediment transport simulations here over other schemes. The Euler-WENO scheme is shown to have significant advantages over schemes with artificial viscosity and filtering processes, hence is highly recommended especially for phase-resolving sediment transport models.
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Abstract

The cloud and precipitation statistics simulated by 3D Goddard Cumulus Ensemble (GCE) model for different environmental conditions, i.e., the South China Sea Monsoon Experiment (SCSMEX), CRYSTAL-FACE, and KAWJEX are compared with Tropical Rainfall Measuring Mission (TRMM) TMI and PR rainfall measurements and as well as cloud observations from the Earth’s Radiant Energy System (CERES) and the Moderate Resolution Imaging Spectroradiometer (MODIS) instruments. It is found that GCE is capable of simulating major convective system development and reproducing total surface rainfall amount as compared with rainfall estimated from the soundings. The model presents large discrepancies in rain spectrum and vertical hydrometer profiles. The discrepancy in the precipitation field is also consistent with the cloud and radiation observations. The study will focus on the effects of large scale forcing and microphysics to the simulated model-observation discrepancies.

ICESat Measurement of Antarctic Sea-Ice Freeboard and Thickness
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Abstract


The precision of ICESat-measured mean surface elevation of flat surfaces is 2 cm. The 70 m laser footprints are spaced 172 m apart along track. This provides an important tool for the study of sea ice. The ICESat orbit has an inclination of 94( and its ground tracks cover all sea ice surrounding Antarctica. Using open water and thin ice as reference sea level, a novel technique has been developed to measure sea-ice freeboard using ICESat-measured elevation data. With estimates of snow, brine, and sea-ice density, combined with snow thickness data from AMSR-E, sea-ice thickness is derived from the freeboard. Sea-ice freeboard is first calculated along ICESat ground tracks and then gridded into 50 x 50 km cell. Sea-ice thickness is derived from gridded freeboard and AMSR-E snow thickness data. Overall, ICESat measurements provide unprecedented accuracy and spatial and temporal coverage of sea-ice freeboard and thickness and can be used to monitor sea-ice volume, which is an indicator of climate change. 

Data and Services at NASA Goddard Earth Sciences (GES) Data and Information Services Center (DISC)

Zhong Liu, NASA GES DISC and GMU

The NASA Goddard Earth Sciences (GES) Data and Information Services Center (DISC), home of the GES Distributed Active Archive Center (DAAC). We are one of eight NASA Science Mission Directorate (SMD) DAACs that offer Earth science data, information, and services to research scientists, applications scientists, applications users, and students. The GES DISC is the home (archive) of Precipitation, Atmospheric Chemistry and Dynamics, and information, as well as data and information from other related disciplines. The GES DISC is located at Goddard Space Flight Center, in Greenbelt, Maryland. In this talk, I will present data and services provided at the DISC. I will also present examples and live demos.

Cohesive NOAA SBUV/(2) Total Ozone Dataset and Application to Trend Analysis

Shi-Keng Yang, Craig Long, Airong Cai,  Alvin J. Miller,  George Tiao

Utilizing measurements from the operational NOAA polar orbiting satellites, the Climate Prediction Center has compiled a long term SBUV/2 Total Ozone dataset.   The compilation is aimed to achieve the level of quality suitable for trend analysis.  Adjustments based on satellite equatorial crossing times, inter-satellite biases are implemented for cohesiveness.  The SBUV/2 data set is compared with Dobson and Brewer observations.  This zonal dataset spans from 1979 through 2006. 

One of the significant questions that exist with respect to the atmospheric total ozone is whether or not the atmosphere is on the path to “ozone recovery” due to the implementation of the Montreal Protocols and its amendments. While a plot of the monthly global average total ozone indicates a relative increase since about 1993, the actual answer to the above is made more complicated by the impact of the eruption of Mt. Pinatubo in 1991which resulted in the ozone minimum in 1992-1993

We use a statistical trend algorithm to analyze the SBUV(/2) data.  This hockey-stick algorithm allows for a change in trend and examines the effect of the Mt. Pinatubo eruption on the computations.  We examine the timing of the inflection points to delineate the confidence one can ascribe to the “ozone-change” computations in both a physical as well as a statistical sense.  

More detailed discussions on the sensitivity of data length and missing data, as well as the impact on ozone trend by the inclusion of the lower ozone of 2006 will be provided.

An Experimental Drought Early Warning System based on 

Multi-Model Ensemble NARR-NLDAS and NAEFS Dynamical Forecasts

Wanru Wu and Kingtse Mo
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To develop and implement an experimental objective Drought Early Warning System (DEWS) in support of the National Integrated Drought Information System (NIDIS), we are (i) monitoring the drought based on the North American Regional Reanalysis (NARR) diagnostics; (ii) exploring the possibility to utilize the North American Ensemble Forecast System (NAEFS) week1 (1-7 days) and week2 (8-14 days) forecasts for short-term drought/flooding warning; and (iii) examining the physical mechanisms related to drought in NARR and NLDAS (North American Land Data Assimilation System) for multi-model ensemble drought monitoring and forecast verification.  

Drought monitoring include the Standardized Precipitation Index (SPI) from observations, modified Palmer Drought Severity Index (PDSI) based on NARR, NARR diagnostics for more than 30 drought-related variables on weekly, monthly and seasonal time scales, and the ensemble NLDAS products.  NAEFS week1 and week2 forecasts of atmospheric and hydrological conditions are verified using NARR. Our inter-comparison study shows that the multi-model ensembles are more stable and reliable, different model anomalies overall give a consistent picture of interrelationships of the key land-surface variables such as soil moisture, evaporation and precipitation. 

Simulation of ocean state from MOM4

Jiande Wang

/NOAA/NCEP/EMC

The main purpose of this work is to evaluate the simulation from GFDL MOM4 ocean model coupled to an ice model for the preparation of NCEP next generation of Coupled Forecast System (CFS). The ocean model has 1x1 degree horizontal resolution with high resolution (1/3) near tropics. Vertically it has 40 layers from surface to bottom. The model is spinup 100 years from Levitus climatology temperature and salinity. Then it is forced with NCEP reanalysis II heat and momentum flux from year 1981 to 2006. Results indicate that the model successfully simulated the main features of ocean state range from climatology to interannual time scale.  

Ensemble Kalman filter in the presence of model errors 

Hong Li, Eugenia Kalnay
 Department of Atmospheric and Oceanic Science, University of Maryland, College Park, Maryland

  The main goal of this work is to investigate techniques for treating model errors in the ensemble Kalman filter, and to develop a data assimilation system capable of assimilating real weather observations. An ensemble based data assimilation scheme - local ensemble transform Kalman filter (LETKF, Hunt 2005) is applied to the SPEEDY primitive equation global model (Molteni 2003). The model errors are introduced by assimilating observations from the NCEP/NCAR reanalysis data. The effect of model errors on LETKF is investigated. To deal with the model error, several model error correction methods are tested, including the ‘covariance inflation’, the Danforth et al (2006) low-order method, the Dee and da Silva method (1998) and its simplified version (Radakovich et al 2001). The performances of these methods are investigated and compared under the different observational networks. 
Simple Doppler Wind Lidar (DWL) adaptive observation experiments with a global model

Junjie Liu and Eugenia Kalnay

University of Maryland, College Park, MD, USA

Due to energy resource constraint, future Doppler Wind Lidar (DWL) observations will work in an adaptive mode, which requires some adaptive observation strategy to maximize the effectiveness of limited energy resource.  In addition to adaptive observation strategies, assimilation scheme is another factor determining the effectiveness of these observation resources. 

Through simple experimental setup, we study the effectiveness of ensemble spread to determine Doppler Wind Lidar (DWL) observations with both 3D-Var and Local Ensemble Transform Kalman Filter (LETKF) assimilation techniques. Compared to random picking, uniform distribution, ensemble spread sampling strategy gets the best result. With 10% adaptive DWL observations from ensemble spread sampling strategy, both 3D-Var and LETKF get about 90% improvement of full coverage. The observation locations determined from ensemble spread reflect the dynamical instability, so assimilation of these observations with 3D-Var is equivalent to introduce the “error of the day” into the assimilation system. With 10% adaptive wind observations, 3D-Var is as effective as LETKF with ensemble spread sampling strategy. With 2% adaptive wind observations, 3D-Var is less effective than more advanced LETKF scheme. 

Differences in the Vertical Variation Trends of Droplet Size in 
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Abstract

Vertical variation of cloud droplet effective radius (DER) is an important cloud parameter which is determined by cloud developments. Utilizing cloud profile estimations from the East Pacific Investigation of Climate (EPIC) campaign and the NASA Moderate Resolution Imaging Spectroradiometer (MODIS) on board of TERRA satellite, this study investigates how cloud DER vertically varies in different cloud development stages for low level water cloud. The results show cloud DER generally increases with height for non-drizzling clouds. After drizzle starts, the large droplets descending increase DER at cloud base and neutralize the DER profile. For heavily drizzling clouds, cloud DER could decrease with height. The drizzling and non-drizzling clouds can be differentiated by DER at cloud base, which combines DER at cloud top and the trend of vertical DER variation. DER at cloud base is found to be more correlated with rain rate than DER at cloud top. 

Mining the Correlation and Rules of Geophysical Parameters Contributing to Tropical Cyclone Activity 
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Abstract   
Correlation between geophysical parameters and tropical-storm activities and intensities is essential in predicting and understanding the formation of tropical storms. Previous studies, mostly through qualitative analysis, found that Sea Surface Temperature (SST) and vertical wind shear are significantly influencing changes in seasonal hurricane frequency. This paper reports a data mining approach in discovering the collective contribution to hurricane activities and frequencies from Sea Surface Temperature, Atmosphere humidity, Vertical Wind Shear and Zonal Stretching deformation. The data for geophysical parameters are from NCEP reanalysis and TRMM TMI, while the hurricane data is from best track data of NHC. C4.5 classification and relevant algorithms are used to discover the correlation of factors to hurricane activity. A decision tree is generated from mining algorithms to illustrate the influence of factors to tropical storms formation in weighted correlations. Decision rules are also generated to reveal the regularities and co-effects of [SST, wind], [Vapor, wind], [SST, vapor, zonal], [SST, wind, vapor, zonal], and other combinations to tropical storms and major hurricanes quantitatively. The results enhanced the previous study findings by providing more precise criteria for hurricane prediction as well as a new attempt to apply mining tools in hurricane study.

Key Words: Correlation, Tropical Cyclone, Geophysical Parameters, Data Mining

Vortical Hot Towers in the Formation of 

Typhoon Nari(2001)

Liqing Tian

Abstract

In this study, the formation of Typhoon Nari(2001) are explicitly simulated using the Penn State-NCAR nonhydrostatic mesoscale model ( MM5v3.6 ) on the tow-way interactive, quadruply nested grid ( 36/12/4/1.33km ). The model is initialized at 1200 UTC 5 September 2001 with ECWMF T106 analysis enhanced by rawinsondes, surface observations, and daily Sea Surface Temperature(SST) archived at NCAR. A 96-h intergration ending at 12:00UTC 9 September 2001 was made, which covers the stages during that Nari developed from a tropical cyclone to typhoon.

As verified against satellite image and the best analysis, the model captures reasonable well the evolution of the structure of the storm, in particular, the model reproduces  reasonably well the time evolution of the minimum surface pressure and the first half of the looping track. Further examination shows that widespread convective vortical hot towers(VHTs) develop sporadically at Nari's periphery during its incipient stage. More deals about the role of VHTs in tropical cyclogenesis will be discussed. 
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Abstract

Although surface waves are the most visible features on the ocean surface, their effects on the adjacent oceanic and atmospheric boundary layers are not well understood and have been largely neglected in large-scale atmosphere-ocean circulation models. Quantifying the effects of surface waves is currently a hot topic in the field of air-sea interaction and may lead to improved understanding of atmosphere-ocean coupling in the Earth’s climate system. ONR launched a Departmental Research Initiative (DRI) to investigate Coupled Boundary Layers and Air-Sea Interaction (CBLAST). I will provide an overview of the CBLAST project and report on my own modeling investigations. I have used a Large Eddy Simulation (LES) model to investigate how surface waves affect the dynamics of the ocean surface mixed layer. We found that surface waves change the fundamental characteristics of turbulent eddies in the ocean mixed layer. Surface waves amplify the vertical turbulence intensity by 3 times and causes the ordering of turbulence intensities to switch from downwind > crosswind > vertical (as expected in shear turbulence) to crosswind = vertical > downwind. Under a wide range of wind, heat flux and sea state conditions, wave/wind-driven Langmuir turbulence dominates over convective turbulence in generating turbulent mixing in the ocean mixed layer. While the wind-driven shear turbulence causes the deepening of the mixed layer through Kelvin-Helmholtz billows, the wave-driven Langmuir turbulence engulfs the stratified water into the mixed layer through its upwelling plumes. The LES model results suggest new parameterization schemes that could be incorporated into large-scale ocean models. 
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