Problem 1: Describe the main characteristics of point-geodetic observations versus imaging techniques in terms of spatial and temporal resolution and coverage. 

Problem 2: What is the "station motion model" and how does it enter into the analysis of point-geodetic techniques? 

Problem 3: Which space-geodetic techniques provide the origin of the reference frame with respect to the center of mass and which provide the scale? Why? 

Problem 4: Explain the principle of GNSS reflectometry. 

GNSS reflectometry can track a dozen or more surface returns from many angles at once with a single LEO receiver, as opposed to traditional radar altimetry which can only obtain one nadir height value at a time.

3 (The key point is that GNSS reflectormetry makes use of the direct and reflected signal to obtain information on the surface where the reflected signal originated.)  

Problem 5: Why are laser retroreflectors on satellites like Global Navigation Satellites, altimeter satellites, and other satellites that use geometrical principles important? 

The retroreflectors on satellites are important because they correct for refraction, satellite cent of mass, and the internal delay of the ranging machine.  

2 (The retroreflectors allow the usage of SLR to track the satellite and improve the orbit determination. Retroreflectors on GNS allow the interconnection of the two techniques.)
Problem 6: Explain briefly the principle of InSAR and identify the major limitations for accuracy and and applicability. How could these challenges be addressed? 

InSAR a new interferometric procedure for DEM allows the extraction of information on the terrain topography from the phase of the SAR signal.  It is based on the processing of complex SAR images acquired from slightly different points of view.  One of the major limitations is that InSAR measurements can introduce errors of over ten centimeters to ground deformations and of several hundred meters to DEMs measured with the conventional DInSAR method due to atmospheric interference.  Some ways to mitigate the atmospheric challenges are the ground meteorological observations, GPS data, satellite water vapor products, and timely information from various meterorological modeling systems.

2 (InSAR uses interferometry based on two SAR images to determine deformation. Main limitations are the variable tropospheric water content and decorrelation due to changes, e.g., in vegetation. The former can be addressed using models or observations, the latter by using areas without vegetation as base points.)   

Problem 7: What are the main characteristic of in situ, airborne and spaceborne gravity measurements in terms of temporal and spatial resolution, as well as accuracy as function of spatial and temporal scale? 

A new generation of in-situ gravity meters and remote sensing techniques enable the detection of small variations (equivalent to less than 10 mm water layer) in mass at the Earth's surface, such as water storage in surface and subsurface reservoirs. The general aim of the research is to investigate the possibility to detect variations in river basin water storage from measurements of the time dependent gravity field, and to assess the accuracy of these estimations based on in-situ and satellite observations of the gravity field.  In-situ measurements provide improved estimates of the three-dimensional oceanic temperature, salinity, and velocity fields.  

Space-borne gravity sensors can provide a very sensitive measurement of regional changes in mass associated with the dynamics of the cryosphere, hydrosphere and atmosphere. The GRACE gravity mission will recover temporal variations in the Earth’s gravity field enabled by new positioning and accelerometer technologies.

Airborne gravity has important advantages over traditional gravity measurements, including the ability to acquire uniform coverage over broad areas, the ability to discern wavelengths approaching those of aeromagnetic surveys, and the ability to acquire surveys from otherwise inaccessible areas.

2 (In situ measurements are point measurements that capture shprt spatial wave length with high accuracy and high temporal resolution. Airborne methods are better at regional wave length, while spaceborne methods are very good at long to global wave length.)
Problem 8: Explain the principle of GRACE and its main limitations in terms of accuracy. 

GRACE is a twin satellite system launched in 2002 to make detailed measurements of Earth’s gravity field hopefully leading to a better understanding of Earth’s gravity field.  GRACE consists of two identical satellites fling in a polar orbit about 220km apart.  As the first satellite passes over a region with gravity anomaly it is pulled forward at an accelerated rate causing the distance between the two satellites to increate.  It is the change in distance between the two satellites that allows for the measurement of gravity anomalies on Earth.
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