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LONG TERM GOALS

Our long term goal is to provide the Navy with a stand alone shipboard system that
utilizes GPS signals for refractivity profiling of the marine boundary layer.

OBJECTIVES

Our objective is to demonstrate a new method for refractivity profiling in the boundary
layer for use in shipboard and land-based systems.

APPROACH

We propose to develop and demonstrate a new method for refractivity profiling in the
boundary layer using GPS phase data. SSC-SD has previously demonstrated a GPS
Sounder that uses GPS amplitude data to estimate refractivity profiles in the marine
boundary layer (Anderson, 1994). We propose to work with SSC-SD to enhance the GPS
Sounder by including GPS phase measurements. Both the amplitude and phase of GPS
signals received at low elevation angles are sensitive to refractivity effects. Accurate
sensing of GPS phase at elevation angles of 20 degrees or more has been demonstrated
by UNAVCO scientists (Ware et al., 1997). The combination of amplitude and phase
measurements will place stronger constraints on the inferred refractivity profiles,
providing improved reliability for use in a variety of shipboard and land-based tactical
assessment systems that rely on refractivity profile data.

RESULTS

We have observed with a Navy GPS receiver from San Diego. We analyzed these data
using 5 minute clock solutions derived from the International GPS Service (IGS) global
GPS tracking network. The results show phase delays as large as several meters for
satellites at elevation angles of several degrees to the southwest above the ocean, and
consistent 6 cm phase delays for two satellites at low angles and similar azimuths. The
noise level for these measurements appears to be less than 1 cm. This suggests that we
are sensing boundary layer refractivity structure. We will be analyzing these data with
30 sec clock solutions soon and expect to see more detailed structure of boundary layer



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
30 SEP 1997 2. REPORT TYPE 

3. DATES COVERED 
  00-00-1997 to 00-00-1997  

4. TITLE AND SUBTITLE 
Joint SSC-SD-UNAVCO Proposal: Use of Global Positioning System
(GPS) Phase Measurements to Improve Vertical Refractivity Profiles in
the Boundary Layer 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
University Corporation for Atmospheric Research,POB 
3000,Boulder,CO,80307 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 
 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

3 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



refractivity. We have also developed methods for inverting GPS observations of two
satellites from two sites that remove satellite and receiver clock errors. Application of
this technique to data observed from San Diego and from an IGS site in Hawaii should
allow 1 sec clock free observations of boundary layer phase delays. This will move us
toward our goal of providing the Navy with a GPS stand alone marine boundary layer
profiling system.

IMPACT

There are a variety of potential benefits to the Navy that will be provided by an
enhanced GPS Sounder using phase and amplitude data to estimate improved
refractivity profiles in the boundary layer. They include:
• Provides a passive, stand-alone, cost-effective method for shipboard and land-based

boundary layer profiling and weather forecasting applications.
• Complements and strengthens ongoing SSC-SD GPS Sounder with no additional

equipment required.
• Reduces reliance on high-cost, active radiosonde techniques which often cannot be

used during EMCON.
• Leverages ~$15 B DoD investment in the GPS, ~$1 B U.S. commercial investment

in GPS receiver equipment and technology development, and NASA and NSF’s
multi-$M R&D investment in GPS applications and technology development
through UNAVCO.

TRANSITIONS

We are still in the demonstration phase. With the significant results obtained so far, we
are planning to move forward with the demonstration of a prototype system. In addition,
industry has recently developed advanced GPS tracking receivers and antennas with
improved phase tracking performance at low elevation angles. Our results and the
industry developments should enable  transition to use in the Navy fleet after our
demonstration is completed.

RELATED PROJECTS

We continue our collaboration with SSC-SD. We have proposed to demonstrate GPS
tomography of tropospheric water vapor to the Department of Energy’s Atmospheric
Radiation Measurement program.
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