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The visits to the University of Hawaii and the University of South Florida were organised after the Seminar given by Dr Hassan  Ali , who was , in November of 2001, also visiting the Research Institute of the Brazilian Navy in the city of Rio de Janeiro, State of Rio de Janeiro. The seminar was given to the Scientific Staff of Department of Physical Oceanography of the Institute of Oceanography, in the  University of São Paulo, city of  São Paulo, Brazil, when he outlined the research interests and visit programmes that the  US Office of Naval Research (ONR), would be willing to give support locally. After the submission and approval by ONR of the Visit Proposal No 4045, under the Grant Number N00014-02-1-4045,  the visits took place, during 16 to 24 of June 2002, as follows:

TRAVEL COMPLETED 

Table 1. Summary of visits conducted under this VSP.

	Person Visited
	Position
	Institution / Conference
	Location
	Scientific / Technical Purpose
	Dates (mm/dd/yy)

	Professor Michael Bevis, 

, 
	Director of the Pacific GPS Facility
	University of Hawaii
	Honolulu, HI
	Sea level studies
	June 2002



	Dr Mark Merrifield
	Director of the Sea  Level research  in the School of Ocean and Earth Science Technology
	University of Hawaii
	Honolulu, HI
	  “
	June 2002

	Drs. Gary Mitchum and Robert Weisburg
	Professor
	University of South Florida
	St. Petersburg, FL
	   “
	June 2002


- Visits Description

The visits were aimed at contacting US scientists whose works relate to the sea level studies and had the objective  to discuss and organise a joint work , which would allow to collaborate at solving   the scientific questions that are described next .

1-According to recent estimates the Brazilian relative sea level is raising at  40cm per century. See www.mares.io.usp.br  - Icon "Sandy Beaches" for a short overview of sea level in Brazil and the related literature on the matter.  This rate is well above the reported rates of global variation for the sea level-  20 cm/cty, Douglas (1999), (Global Sea Level Rise. J. Geophys. Res. 96.No C4, 6981-6992). It is believed that the local land is sinking relative to the sea level. In order to certify is necessary to measure  minute displacements of the crust, from relatively short series, by similar precise vertical measurements of GPS (Global Positioning System), that are taken by the University of Hawaii. So, the visit allowed to contact Dr Michael Bevis and to know the methods, equipment and circumstances that are used there, that are intended to be  used locally, in order  to contribute to the solution of  the above point.
2 –Recent estimates, from TOPEX/POSEIDON Altimetry data, indicate that the sea level of the Equatorial Atlantic is also raising with a rate of 40cm/cty. See www.mares.io.usp.mares , icon GLOSS, Afro America Gloss News 1999, V 3(2), for information on  this result and the pertinent literature. This rate is well within the one of the Brazilian sea levels mentioned in item 1, above, and have the support of comparisons done with sea level data from the  Island of Santa Helena (UK) in the South Atlantic. These comparisons  are  related to matters that Dr Gary Mitchum is currently involved with, in the University of South Florida, concerning Altimetry data from satellite and from sea level permanent stations on oceanic islands.  This contact will help  fixing  the Western South Atlantic Ocean with similar procedures of validation of Altimetry data by  implementing the Ilha Trindade (BR) , also in the South Atlantic, and the Station of the City of Cananeia ( 25 01'S ; 47 55'W ) with  similar methodology  as Dr Mitchum´s, for the purpose.  It will allow also the  real time sea level data transmission and analysis, that are required by International Organisations, such as GLOSS ( Global |Observing Sea Level System/IOC ) and The Permanent Service For the Mean Sea Level of IAPSO (International Association for the Physical Sciences of the Oceans) .
3 – The visits also referred to recent results that show the sea level of the South-eastern Brazilian coast undergoes decadal variations that are correspondingly  exhibited by the El Niño phenomenon in the Pacific. See www.mares.io.usp.br ,  icon GLOSS , AAGN 1(2), (1995), “"Sea Level  in..."”, for more information on the topic and the pertinent literature.  The same scales of variability were also determined, recently, in the hydrological cycle of the city of São Paulo, from river flow data. The question that arises now is, whether or not, the heat fluxes of the Brazil Current undergo similar scales of variability, as those  already shown by the sea level in Cananéia. It is hoped, via a 13 years annually sampling programme of the Capricorn Oceanographic Section, shown in  Fig A,  to determine such scales of variability in the transports of heat by the Brazil current. From the  contacts  it is hopped, for the purpose,  to use modern sampling methodology for measuring T , S, currents and other useful variables such nutrients,  chlorophyll  and CO2. These variables are of great interest in the present days Global Changes and other scientific groups (Chemical and Plankton) of this Institute will hopefully be engaged  to concomitantly deal with them . 
Fgure A: Sea Level Stations (Permanent, Pelagic and GLOSS sations) and Capricorn Oceanographic Section.

[image: image1]
- The  Hawaii University

I was welcomed in  the University of Hawaii by Professor Michael Bevis, Fig 1, currently the Director of the Pacific GPS Facility that invited me to  a tour to his lab and introduced me to  the staff of his laboratory.  I met Dr Mark Merrifield, Director of the Sea  Level in the School of Ocean and Earth Science Technology, Fig 2, with whom the sea level aspects of measuring with GPS were also discussed in a sort of "round table"  conversation. 

[image: image2]Fig1. Prof. Michael Bevis in his lab at SOEST
[image: image3]Fig2. Dr. Mark Merrifield (left) in his office and Eng. Dane (right) at SOEST

[image: image4]Fig3 Oceanographic Building at USP Campus - Sao Paulo- Brazil.
[image: image5]Fig4A NOc. Prof. W. Besnard
[image: image6]Fig 4B Cananéia Research Station
[image: image7]Fig 4C. Ubatuba Research Station

[image: image8]Fig 4D. Albacora  - Cananéia Research Station
[image: image9]Fig 4E. Velliger - Ubatuba Research Station
I started the conversation by showing a Brochure of the Institute's facilities in USP (University of Sao Paulo, Brazil), Figs 3 and 4 and the GPS and Tide facilities available in the Research Station of Cananeia (25 01'S ; 47 55'W ), Fig 5.  I opened the page www.mares.io.usp.br, Icon Sandy Beaches, where information on the sea level along the Brazilian coast is reviewed, showing, among other things, that the 
[image: image10]Fig 5A. GPS tower and antena - MSc Jorge Trabanco (left) and Dr. Carlos A. S. França (right) -

 - Cananéia Research Station- 

[image: image11]Fig5B. Pier leading to the tide gauge (being leveled) house - Cananéia Research Station.
sea level is undergoing the rate of 0,4 cm per year increase along almost the entire coast.  As this rate is well above the mean rate given in the literature I stressed the need of having vertical GPS measurements of the crust to estimate its motion and the difficulties of installing the required facilities for doing that in most of the coastal stations. Dr Merrifield expressed his willingness to install in the Research Station of Cananeia an automatic system similar to the one shown in Fig 6  that combine GPS and sea level  measurements with real time data transmission by satellite.  

Fig 6. GPS and Tide Gauge Facilities at Honolulu - SOEST
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[image: image13]Fig7. Prof. Michael Bevis in his office. - SOEST- University of  Hawaii.

Conversations continued for the entire afternoon  with Dr Bevis Fig 7, over the cares with the GPS measurements to reach the desired accuracy. On the technical issues and the recommendations related to the installation of GPS stations and tide gauges. The need of continuous GPS stations at tide gauges in order to determine the exact position of these tide gauges and the vertical velocity of the land, or the seafloor underlying each tide gauge. The need of having a well defined global reference frame to relate the measurements. The scientific applications of these measurements, the calibration of satellite altimeters and the removal of crustal motion signals from long time series of sea level change. The technical aspects relative to site selection, instrumentation, ancillary measurements and the tide gauge levelling programme are so numerous  that  for resolve them is necessary to build the best GPS stations and concomitantly maintain simultaneous sea level measurements with tide gauges over long periods of time. 

Long data sets of continuous GPS measurements  from the Brazilian cities of Fortaleza, Brazilia, Presidente Prudente and Curitiba  were used by Dr Bevis. He  obtained horizontal motions of nearly 1mm/year towards the North west, for the first two, and nearly 1mm/year towards the South east, for the other two, from GPS data provided by the IBGE (Instituto Brasileiro de Geografia e Estatística).  Similar length of measurements of GPS (three years) were  used in the port of Honolulu,  Island of Oahu, to detect vertical motions of the crust in such volcanic island  of the order of 10 mm/year. That  makes very probable of success  the application of the same methodology of measurements to Cananeia in order to detect there vertical crustal  variation  of the order of 1-2 mm/year.

Other application of GPS data made by Dr Bevis relates to the finding that these data can be used to monitor the amount of moisture in the atmosphere. From that he was able to show that the El Niño phenomenon occurs  in  simultaneity  with the periods of very dry  atmosphere over the Pacific. This is another auspicious information that adds to the  several hypothesis of the ENSO causes in the Pacific and can be used in the South Atlantic to examine its correlation with the variability in the amount of heat transported by the Brazil Current along the Capricornio Oceanographic Section.  

In another “round the table “ conversation I met also Mr Patrick Caldwell, who will be visiting the Diretoria de Hidrografia e Navegação (DHN) of the Brazilian Navy, for the Intergovernmental Oceanographic Commission (IOC/UNESCO),  next September . He works with Dr Merrifield in the Soest  Sea Level Facility. It was agreed then that we should  send a staff member to be acquainted with the GPS work done in Hawaii University . This is will allow  the insertion of the local GPS work , Fig 5, to be done up to the international standards. 

- The University of South Florida

 I was welcomed in  the University of South Florida  by Professor Gary Mitchum, Fig 8 , that invited me to  see  his lab facilities and introduced me to  the staff of his laboratory.  His Lab had had an accident and all computers were being repaired and being put back into work. The  valves of the Lab´s hydraulic system, for some unknown reason,  blew up in the night before, spreading water in all computers, leaving the floor with about a palm of water all over the place. That was unfortunate as the work done by using the computing facilities could not be demonstrated and our conversation had to be restricted to his office.

[image: image14]Fig8 Prof. Michum (righ) and B. G. (left) in his flooded laboratory - St Ptersburg -USF

[image: image15]Fig 9. Oceanographic building - Saint Petersburg - USF

[image: image16]Fig10. Coastal Guard Ship - St Petersburg
The Oceanographic facilities of the University of South Florida are located in Saint Petersburg near the sea side as shown in Fig 9.  Ships of the US Coast Guard service have piers in the same channel as the ones of the Department of Oceanography . Fig  10. 

 In the visit  of the Physical Oceanography Department we met Professor Robert Weisberg, Fig 11, whom I first knew during the First Global GARP Experiment (FGGE) in 1979. He was at that time deploying in the Equatorial Atlantic currentmeters moorings for knowing best the Atlantic Equatorial Undercurrent and now he is doing similar work using ADCP´s  in the Equatorial Pacific and coupled ocean atmospheric computer codes for  knowing best the physics of   ENSO.  He handed me  some folders with information on the Department, asking for students to be sent to USF for graduate studies.  I gave him  in retribution the folders of the Instituto Oceanografico of USP, saying that now the Instituto is having an undergraduate course in oceanography and this will be a quit certain possibility.

Talks with Professor Mitchum were concerned with comparisons of altimetric  data with actual sea surface heights measured by tide gauges. After successful work in monitoring the stability of the altimeters, by using sea level data, he was able of introducing a system for calibration of altimetric heights using also adjustments due to land vertical motion. From reliable tide gauge sea level measurements and their differences with simultaneous of TOPEX/POSEIDON data he is now estimating the vertical crustal motion. From a set of 114 sea level series produced by tide gauges, a rigorous error analysis estimated the accuracy of the procedure as approximately 1-2 mm/year, which is sufficiently accurate to detect a variety of geophysical phenomena.

This brought to the conversation the possibility of applying the same methodology to the Isle of Trindade  and to Cananeia sea level data. This could also be extended to all permanent sea level stations shown in 
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Fig 11. Prof. Robert H. Weisberg at his office - St Petersburg - USF

Fig A and would be an extraordinary complement to the GPS programme of measurements treated with Prof. Bevis of Hawaii and above mentioned.

 I had the opportunity then to say that there are quite a number of informative articles on the sea level along the Brazilian coast and used the Internet facility to open the site www.mares.io.usp.br  for going to the Icon Sandy Beaches, where a short review is shown.  Also in the same page I went to the Icon GLOSS for other  articles of interest  shown in the News Letter Afro-America GLOSS News - Edition 2(1) –1995. “Sea Level Variations in the Southern Brazilian Coast: Intradecadal Scales;  Edition 2(2)  1997.  “EOF Analysis of the TOPEX/POSEIDON Altimetry Data in the Equatorial Atlantic; Edition 3(2) 1999. “ On the 1997 Warm Event of the Equatorial Atlantic and the Long Term Sea Level from TOPEX/POSEIDON Altimetry Data” and Edition 5(1) 2001, with the article “A Note on the Distance and Correlation Coefficients of Sea Level Time Series.  The articles were down loaded and after it was agreed that an estimate of the vertical land motion should be attempted by using the Cananeia sea level series  and  the TOPEX/Poseidon altimetry data to start a collaborative work and that a staff member of this Institute should visit the SFU to be acquainted with the methodology and the work being done there on  altimetry .
- Local Background Motivation  

 From 1820 to 1840 , that includes the year 1831, the Long Term (LT) Relative Sea Level ( Sea Level measured along the regression line of the period) remained relatively constant and the Relative Sea Level value of this year, taken locally as a reference level, was satisfactory in its function as a geodesic mark for the application of the Brazilian Law 9760 of 1946, that regulates the land limits of the property of the Union. In fact there was during the period a small variation in the sense of increasing air temperature and a consequent small increase of the Sea Level that started in the last 15,000 years (IGBP - 1996 - Global Network for Isotopes in Precipitation. (GNIPG). International Geosphere Biosphere Programme/ World Meteorological Organisation 48p), which would not lead to any worries as it was very small.

At that time, in 1822, the basic tool for the analysis of the tides were developed by J.B. Fourier and I. Newton had discovered the basic laws of physics for their understanding ( 1670). The industrial revolution then occurred extending its effects to the entire XX Century with increasing production of green house gases. The resulting air temperature increase heated the Earth's poles, causing the consequent polar ice melting and the associated Relative Sea Level increase, followed by the release of the crust in the polar areas and consequent Relative Sea Level decrease. Peltier (2000) ( Peltier, W. R. - Global Glacial Isostatic Adjustment and Modern Instrumental Records of Relative Sea Level History. In Sea Level Rise, Douglas, B.C., Kearney, M.S & Leatherman, S. P. Elseviers International Geophysical Series.Vol (75) : 65-95).  

In direction opposite to the relief of polar crust  in consequence of the lesser weight due to the melting of ice is acting the variability of the obliquity of Earth's vector angular momentum, Chao (1999), (Chao, B.F. -  Concrete Testimony to Milankovitch Cycle in Earth's Changing Obliquity . EOS Transactions Am. Geophys. Unio. Vol (77). Number 44:433),  making the Tropic of Cancer in the Northern Hemisphere and Capricorn in the Southern Hemisphere to get closer to the Equatorial plan, producing then new glaciation period and so, an increase in the polar ice cup in consequence to the limited time incidence of solar radiation on Earth, constrained to a smaller area around the  equator, during the seasonal cycle. Such effect has a Milankovitch period of about 41 K years. IGBP, (1996). (IGBP - Global Network for Isotopes in Precipitation. (GNIPG) International Geosphere Biosphere Programme/World Meteorological Organisation 48 p.).

In opposite directions run also the two indices for measuring the Sea Level as such : The Relative Sea Level over the Tropical Belt , where it increases, and the GLOBAL Relative Sea Level that includes the Tropical Belt (where it increases) and the Polar Cup where it decreases, due to the crustal relief. Mesquita ,(1994). (Mesquita, A. R. De - Variação do Nível do Mar de Longo Termo. (Long Term Sea Level Variations ) Inst. Est. Avanc. Univ. S. Paulo. Serie Documentos, Ciências Ambientais. (Inst. Advc. Univ. S. Paulo.  Environmental Sciences Series). Vol (29) : 47 - 67.
· Sea Level Measurements  Ubatuba (23 30 S;45 7,.5W) and Cananeia (25 01'S ; 47 55'W
· It seems that only measurements of the Absolute Sea Level in the Tropics and in the Poles can establish with accuracy how the Relative Sea Level in each continent adjusts   along the longitude. In the research stations of the Instituto Oceanografico da USP of Cananeia and Ubatuba such studies are being made through vertical measurements of GPS (Global Positioning System) and gravimetry by   an absolute gravimeter and a relative one. Denisar (1999). ( Denisar, B. - Monitoramento das Condições Geodinâmicvas dos Marégrafos de Cananeia e Ubatuba : Brasil Lat 24 S. (Monitoring the Geodynamic Conditions of the Tide Gauge of Cananeia and Ubatuba : Brasil. Lat 24) Afro America GLOSS News . 3(1) . See www.mares.io.usp.br/aagn/ind.html  and Franco (2000). (Franco, A S dos.- Utilização do Nível Médio do Mar para fins ambientais e Geodésicos. (Uses of the Mean Sea Level for Geodesic and Environmental  Objectives) Afro-America GLOSS News 4(1)). See  www.mares.io.usp.br/aagn/ind.html.
In spite of such indices uncertainties is highly probable that the Relative Sea Level of Cananeia and all along the Brazilian coast be raising at rates of 0.40 cm/year , Mesquita et al.(1996) . (Mesquita A R de , Harari, H. & França C.A. S - Global Changes in the South Atlantic: Decadal and Intradecadal Scales. An. Bras. Acad. Ci., Vol (68) Supl I : 117-128.) which is more than sufficient reason to produce  adequate and justifiable proceedings that will allow the use of Law number 9760 of 1946 for the demarcation of Union land property that takes into account the relative sea level variation of present days.  

-The UNION Marine Land

The local legislator of 1946 when taking the Relative Annual Mean Sea Level  of 1831 of the Harbour of Rio de Janeiro as the geodesic level for the determination of limits of the Union Land did not take into account the  knowledge that was incorporated by science since 1822 to 1946 up to the present days of 2002  that go from the glaciations to Global Warming, among others, which made movable the previously taken as immovable properties of the Union, as the Union Marine Land.

- Finalizing

That is the scenario of the local sea level  research activities that the VP 4045 was made. Hopefully it will end up in a joint effort to determine with high precision  and accuracy the rates of variation of the local Relative Sea Level and the actual rates each of the individual actors  play . Which amount of the 4mm/year is due to an increase of the ocean water volume and which amount is due to land vertical and horizontal motions. Which consequences may this have on local weather and climate? These questions are yet to be responded .
 For that I am very much in debt to ONR and Captain Smolinski for the grant that made this trip possible  , to Dr Hassan Ali who diligently forwarded and followed the steps of present request and to Jo Ann Scott who patiently gave all directions and information that I solicited for this enterprise to happen.  

I feel at this point that I should have to mention  in  Appendix, as a document to this report, in compliment to the hosts , with my thanks for their cordiality  and even hospitality with which I was received in the University of Hawaii and in the University of South Florida,  the list of their scientific articles that heated up our conversations during the visits . 

Thanks very much

São Paulo , 24th of July 2002

Afranio Rubens de Mesquita 

Professor/USP

- Appendix

SOEST - University of Hawaii –-  Prof Bevis.

- M. Bevis, W. Scherer and M. Merrifield. (2002). Technical Issues and Recommendations Related to the Installation of Continuous GPS Stations at Tide Gauges. Marine Geology  , 25: 87-99.

- H. J. Dail, M Merrifield and M Bevis (2000). Steep Bezh Morfology changes due to Energetic Wave Forcing. Marine Geology 162:443-458.

- E. C. Kendric, M. Bevis., R. F. Smalley Jr. , Cienfuentes and F. Galban. (1999). Geophysical Research Letters, Vol. 26. No 5 : 541-544.

- J. Duan, M. Bevis, P. Fang, Y. Bock, S. Chiswell, S. Businger, C. Rocken, F. Solheim, T. V Hove, R. Ware, S. McCluski, T. ª Herring and R. W. King. (1996). GPS Meteorology :Direct Estimation of the Absolute Value of  Precipitable Water. JournaL of Applied Meteorology, Vol 35, No 6 : 830 – 838.

- M. Bevis, S. Businger and S. Chiswell. (1994). GPS Meteorology : Mapping Zenith Wedt Delays onto Precipitable Water. (1994). Journal of Applied Meteorology. Vol. 33, No 3 : 379 – 386.

- M. Bevis, S. Businger, T. ª Herring, C. Rocken, R. ª Anthes, and R. H. Ware. (1992). GPS Meteorology: Remote Sensing of  Atmospheric Water Vapor Using the Global Positioning System. Journal of Geophysical Reseach. Vol. 97 No WD14 : 15,787 – 15,801.

Department of Marine Sciences –- University of South Florida –-  Prof. Weisberg.

· -Weisberg, R.H. (2001). An Observers view of the Equatorial Oceans Currents. In Knaus Tribute. Oceanography. Vol.14: 27-33.

· -Wiesberg, R.H. & Qiao, L. (2000). Equatorial Upwelling in the Central Pacific Estimated from Moored Velocity Profilers. Jour. Phys.Ocean. 105-124.

· -Wang, Chunzai, Weisberg, R.H. And Virmani J. I.(1999). Western Pacific Interannual Variability associated with the El-Niño-Southern Oscillation. Jour. Phys.Res. Vol. 104, No C3 : 5131-5149.

· - Qiao, L. & Weisberg, R.H. (1998). Tropical Instability Wave Energetics : Observations from the Tropical Instability Wave Experiment. Jour. Phys. Ocean.Vol 28: 345-360.

· - Qiao, L. & Weisberg, R.H. (1997). The Zonal Momentum Balance of the Equatorial Undercurrent in the Central Pacific. Jour. Phys. Ocean. Vol. 27 : 1094-1119                                                                                   

· - Wesberg, R. H. & Wang, S. (1997). A Western Pacific Oscillator Paradgm for the El Niño-Souther Oscillation. Geophys. Res. Let. Vol 24 : 779-782.                                                                                                                        

· - Mayer, M.D. & Weisberg, R. H. (1998). El-Niño-Southern Oscillation Related Ocean-Atmosphere Coupling in the Western Equatorial Pacific. Jour. Geophys. Res.Vol 103 : 18,635-18,648.                     
· - Qiao , L. & Weisberg,  R. H. (1995). Tropical Instability Wave Kinematics:Observations from the Tropical Instability Wave Experiment. Jour. Geophys. Res. Vol 100 : 8677-8693.                                                                                

· -Mayer D. A. & Weisberg, R. H. (1993). A Descrition of COADS Surface Meteorological Fields and the Implied Sverdrup Transports for the Atlantic Ocean from 30 S to 60 N. Jopur. Phys. Ocean. Vol 23. No 10 : 22012221.                                                                                                                                        

Department of Marine Sciences –- University of South Florida –-  Prof. Mitchum.

· -Gilbert, S. A., & Mitchum, G. (2001). Equatotrial Inertia-Gravity Waves Observed in TOPEX/Poseidon Sea Surface Heights. Geoiphys. Res. Lett. Vol 28 No 12 : 2465-2468.

·  - Holland, C. H. & Mitchum, G. T. (2001). Propagation of Big Islands Eddies. Jour. Geophys. Res. Vol 106 No C1 : 935-944.
· -- Nerem R. S. ^Mitchum. G. t. (2001) Observation of Sea Lecvel Change from, Satellite Altimetry.  In Sea Level Rise . Edit by Douglas, B. C. Chapter 6 . Pag.121-163.

· - Mitchum. G. T . (2000). An Improved Calibration of satellite Altimetric Heights Using Tide Gauge Sea Level with Adjustment for Land Motion. Mar. Geod. Vol 23 : 145 - 166.

· - Mitchum, G. H. (1994). Comparison of TOPEX Sea Surface Heights and Tide Gauge Sea Levels. Jpur. Geophys. Res./ Vol 99, No C12 : 24,541-24,533.

· - Mitchum, g. H. (1998). Monitoring the Stability of Satellite Altimeters with Tide Gauges.Jour. Atmo.Ocean.Tech.,Vol 15:721 -730
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