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S u m m a r y .  Atmospheric pressure variations 
with periods of some days and months can be 
considered as loading functions on the Earth's 
surface and can induce quasi-periodic surface de- 
formations. The influence of such surface dis- 
placements is calculated by performing a con- 
volution sum between the mass loading Green's 
functions and the local and regional baromet- 
ric pressure data (geographically distribution in 
a 1 ° x 1 ° grid system extending to more than 
1000 km). The results for 5 stations in Europe 
show that the average values reach about 22.9- 
30.2 m m  depending on the ocean response: the 
inverted or non-inverted barometer ocean model. 
The corresponding admittances are 0.576-0.758 
m m / m b a r  respectively. The horizontal displace- 
ments are not negligible but always smaller. 
The magnitudes are about 2-3 m m  for East- 
West component and 0.5-1.0 m m  for North- 
South component. 

The results of the dependence on the lateral 
extension of the pressure load show that the 
admittance for radial displacement varies from 
0.250 m m / m b a r  for a column load of 100 km 
radius to 0.539 m m / m b a r  for a column load of 
more than 1000 /~m extension. It means that 
the main contribution of the loads comes from 
the horizontal distribution of the air pressure in 
a broad region. 

The time dependent effects of the atmo- 
spheric pressure are also computed with the 
two-coefficient correction equations provided by 
Rabbel & Zschau (1985) using ground pressure 

data in a 1.125 ° × 1.125 ° grid system. The com- 
putations demonstrate that the results are in 
good agreement with those obtained with a con- 
volution sum. It shows that this method can 
provide us with a good approximation for ver- 
tical displacement caused by the deformation of 
the Earth. 

1. I n t r o d u c t i o n  

The local and regional atmospheric pressure 
variations affect the measurements of the sur- 
face displacements through the loading deforma- 
tion of the solid Earth. The total influence in- 
duced by such loads is usually in the order of 
20-30 m m  if a regional pressure change as large 
as 50 mbar appears. The space techniques such 
as the very long baseline interferometry (VLBI) 
have already the capability of measuring dis- 
placements over long distances to within a few 
millimeters and the satellite laser ranging (SLR) 
gives a precision of 1-2 cra. The data obtained by 
these new methods should be an important new 
source of information on the forces which con- 
trol tectonic plate motion as well as the crustal 
deformation of the Earth. Absolute gravity ob- 
servations used to detect the crustal deformation 
can achieve #gal accuracy corresponding to sub- 
centimetfic displacements. It is therefore impor- 
tant to estimate the atmospheric pressure effects 
on surface displacements in order to correct the 
observations used in the geophysics and geodesy 
study field. 
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The effect of the atmospheric pressure on sur- 
face displacement is caused by the horizontal dis- 
tr ibution of the atmospheric masses inducing de- 
formations of the Earth 's  crust. In recent years, 
many scientists in geophysical and geodetical re- 
search fields payed close attention to the study of 
the atmospheric pressure effect. Some of meth- 
ods for computing air pressure corrections on 
surface displacements as well as the gravity mea- 
surements are already discussed in other papers 
(Warburton & Goodkind 1977, Rabbel & Zschau 
1985, De Meyer & Ducarme 1986, Van Dam & 
Wahr 1987, Merriam 1992, Sun, Ducarme & De- 
hant 1993, 1994, Van Dam & Herring 1994 and 
MacMillan & Gipson 1994, . . . ) .  

Rabbel & Zschau (1985) presented the results 
for the two hypothetical weather systems of radii 
of 160 km and 1000 km in a modelled atmo- 
sphere of thickness of 8.4 km considering one 
layer for this scale height. They investigated the 
influence on VLBI results of the deformation of 
the Earth due to atmospheric loading. They em- 
phasized that  the precise air pressure corrections 
of radial displacements and gravity changes can- 
not be achieved by using a single regression coef- 
ficient. The characteristic wavelengths of the at- 
mospheric pressure distribution have to be taken 
into account. They used the TCCE method 
(two-coefficient correction equations) which con- 
sists in considering the locM pressure at the sta- 
tion and the average of the air pressure variation 
in the surrounding region of 2000 km, and seting 
to zero the pressure values on the ocean areas. 

Van Dam & Wahr (1987) calculated the ef- 
fects of the global atmospheric pressure, in- 
cluding those associated with short-term syn- 
optic storms, on surface point positioning mea- 
surements and surface gravity observations, by 
performing a convolution sum between daily, 
global barometric pressure data and mass load- 
ing Green's functions. In the analysis of the 
distance between radio telescopes determined by 
very long baseline interfermetry (VLBI) between 
1984 and 1992, Van Dam & Herring (1994) sug- 
gested that  in many of the cases studied there is 
a significant contribution to the baseline length 
change due to atmospheric pressure loading. The 
results from all baselines are consistent with 
60% of the computed pressure contribution be- 

ing present in the VLBI length determinations. 
For the calculation of the atmospheric effects 

on surface displacements, we use the data for 
the year 1987 from the European Center for 
Medium-Range Weather Forecasts (ECMWF) 
namely the geographical distribution of isobars 
in a 1 ° x 1 ° grid system extending to more than 
1000 km around the station and over 6 layers un- 
til 12 km above the Earth 's  surface. The sam- 
pling rate is 6 hours, the longitude is ranging 
from -10  ° to 25 ° and the latitude, from 40 ° to 
60 ° . We also use the ground atmospheric pres- 
sure data in a 1.125 ° x 1.125 ° grid system. The 
sampling rate is the same as that  in the 1 ° x 1 ° 
grid system, the longitude and the latitude range 
from -10.125 ° to 25.875 ° and from 39.375 ° to 
60.750 ° respectively. 

The purpose of this work is to study the mag- 
nitude of the surface displacements induced by 
the local and regionM variations in atmospheric 
pressure and the effect of the lateral extension, 
in order to provide the air pressure correction 
values for high precision displacement measure- 
ments in the s tudy of the crustal deformation, 
tectonic plate mo~ion and so on. 

2. Methods of computation 

The theory of the loading effect calculation for 
a given Earth model and for a given load distri- 
bution is now standard (Longman 1962). Farrell 
(1972) constructed the Green's functions to de- 
scribe the response of an elastic Earth to a point 
load on its surface. We can then conveniently 
determine the displacements due to atmospheric 
load by performing a convolution sum between 
the local and regional barometric pressure data 
and the mass loading Green's functions (CONV 
method).  The discrete convolution form is given 
a S  

V(~,t) = ~ Lj,i(~l,t) u(¢)  d~ I (1) 
i,j=l v(¢) 

where ~ = £t(0, g) and gt' = ~'(0',  A') are the 
spherical coordinates of the point under investi- 
gation and those of the grid element center. 0, A 
and 0/, A ~ denote the colatitudes and longtitudes 
of the station and of the grid element center, t 
is the universal time, d~ I is the area of the grid 
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element of the load. U(f~, t) and V(a ,  t) are time 
dependent surface displacements in vertical and 
horizontal components. Lj,i(f/~,t) indicates the 
amount of air load on the (j,i)th grid volume 
around and above the station: the index j cor- 
responds to the number of the atmospheric layer 
and i, to the sequence number of the grid ele- 
ment.  ~ is the angular distance of the station. 
u(¢)  and v(¢) represent vertical and horizontal 
displacements Green's functions. These Green's 
functions can be determined by load Love num- 
bers h~, l~ 

u(¢) = ~ ~_, h~Pn(cos¢) (2) 
?7~e n=O 

OP (cos¢) 
v ( ~ ) =  a E l  i 04  (3) 

m e  n = 0  

where a and me are the radius and the mass of 
the Earth and Pn(cos~b) are the Legendre func- 
tion. 0 / 0 ¢  represents the differential with re- 
spect to the angular distance ¢. The Green 
functions for Gutenberg-Bullen A Earth model 

are used in our computations according to the 
determinations published by Farrell (1972). The 
values of Green's functions which are assigned to 
each grid element, are functions of the angular 
distance. Each Green's function is multiplied by 
atmospheric loads at the points corresponding to 
the different angular distances and the related 
results are simply summed together over all the 
grid elements. 

Since the atmospheric pressure changes, which 

are caused by the passage of low and high 
pressure fronts, are regional phenomena on the 

Earth 's  surface whose scale length ranges from 
several km to a few thousand of krn, it is consid- 
ered that  the responses induced by the loads re- 
flect mainly the corresponding scales of the pres- 
sure cells around the observing station. Hori- 
zontal changes in atmospheric mass can be in- 
ferred from surface atmospheric pressure mea- 
surements. Stolz & Larden (1979) suggested that  
global seasonal fluctuations in barometric pres- 
sure would, in general, contribute to less than 
one centimeter for surface displacement. The 
largest pressure variations, however, are those 

associated with synoptic scale storms. 
For this reason, the size of each grid unit 

should depend on its distance to the surface 

point for which the loading calculations are car- 
ried out. At least, in order to obtain more precise 
results, a subdivision of the volume close to the 
station must  be considered. For example, when 
the angular distance is less than 5.8 ° (i.e., about 
640 km around the station), the volume is sub- 
divided by a factor of 10 in horizontal directions 
and by a factor of 5 in the vertical direction. 

For the numerical computat ion of the radial 
displacement, we used also the TCCE method 
(two coefficient correction equations) given by 

Rabbel & Zschau (1985) and the geographically 
distributed ground pressure data provided by 
ECMWF in a 1.125 ° x 1.125 ° grid system. In 
this method,  Rabbel & Zsehau performed the 
loading Green's function convolution with ide- 

alized Gaussian pressure distribution P(r) = 
P. exp[-(r/ro)2], where is the maximum 
pressure of the distribution and r 0 is the scale 
length. They emphasized that  there is no unique 

single regression coefficient between the displace- 

ment and the local pressure. The estimation 
of the characteristic wavelengths contained in a 
pressure distribution is included in this method 
and the two regression coefficients represent the 
properties 6f both the short-wavelength and the 

long-wavelength loading. The short-wavelength 
loads are obtained from the measured pressure 
variation at the surface point under investiga- 

tion. The long-wavelength contributions are 
computed by averaging the pressure variation in 

a surrounding area of 2000 km and setting to 

zero the pressure changes for the oceanic regions. 
This is necessary in order to account for the in- 
verted barometer ocean (1BO) effect. 

3. R e s u l t s  and  d i s c u s s i o n s  

The observed air pressure at the station re- 
places the mean value in the corresponding grid 
element in order to obtain higher accuracy. From 
comparison, the maximum difference between 
the observed local air pressure values, those in 
the 1 ° x 1 ° and those in the 1.125 ° x 1.125 ° grid 
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systems reaches 3-5 mbar  in 1987 when includ- 
ing the synoptic storms. The reason is that  the 
grid center, where the pressure is taken, is not 

situated exactly at the station (see Sun He-Ping 
et al 1993). We checked the importance of this 
effect on displacement and on gravity. We found 
a maximum peak to peak amplitude difference 
of 0.44 m m  for the vertical displacement which, 

compared with the maximum peak to peak val- 
ues, provides us with a 1-2% discrepancy before 
and after replacing the grid average data by the 
station pressure data in the corresponding grid 

element. 
The surface displacements caused by atmo- 

spheric pressure, calculated by executing a con- 
vo]ution sum between mass loading Green's func- 
tions and the local and regional barometric pres- 
sure data (geographically distribution extending 
to more than 1000 k m  around the station and 

over 6 layers until about 12 km above the Earth's 

surface), are listed in table 1. For a grid element 
column, as only the total changes of the atmo- 
spheric mass over this column are required when 
computing the displacements, only the surface 

pressure is needed. When using the isobar ap- 
proach, we must add together the effects caused 
by the different changes in mass at the differ- 

ent heights in the column considered. The re- 
sults show that  the average maximum peak to 

peak amplitude for 5 stations in Europe is 22.9 
m m  and the corresponding admittance is about 
0.576 m m / m b a r  for an IBO model. The horizon- 

tal displacements are not negligible but always 
smaller: the maximum peak to peak magnitudes 
are about 2-3 m m  for the East-West (EW) com- 
ponent and 0.5-1.0 m m  for the North-South (NS) 
component. 

Surface displacements are calculated by using 
both  the inverted barometer ocean (IBO) hy- 
pothesis and the non-inverted barometer ocean 
(NIBO) hypothesis. In the IBO model, the 
ocean is often assumed to behave as an 'inverted 
barometer ' ,  i.e., an increase in barometer pres- 
sure leads to a depress in sea level in the static 
ratio of 1.0I c m / m b a r .  This implies that  the 
ocean basins experience none of the forces as- 

sociated with barometric pressure fluctuations 
and is equivalent to setting the total incremen- 
tal mass load over the ocean basin equal to zero. 
The NIBO model provides larger estimates of 
atmospheric loading effects. The results show 
that  the average maximum peak to peak ampli- 
tudes reach 22.9-30.2 m m  and the corresponding 
admittances 0.576-0.758 m m / m b a r  in the IBO 

and the NIBO models respectively (see table 1). 
However, for the station situated near the coastal 
lines, such as at Brussels which is close to the 
Atlantic ocean, the amplitudes of the radial dis- 

placement are 26.7-37.0 ram,  depending on the 
IBO and the NIBO models, which is much larger 

than those for continental stations. 
The figures l(a)-(b) show the comparisons be- 

tween the IBO results and the NIBO results of 
the surface radial displacement as temporal  vari- 
ations for Brussels' and for Bad Hombourg's sta- 

tions. The solid line represents the amplitude ob- 
talned with the IBO hypothesis and the dashed 
line represents the one obtained with the NIBO 
hypothesis. In the figure, there is no physical 
meaning for the zero line on the vertical axis. 

We arbitrarily rescale our graphic so that  the re- 
sults at t ime t = 0 are zero. The discrepancy in 
the results between the two models reaches 10.3 
m m  at Brussels, a coastal station, and 6.4 m m  

at Bad Hombourg, a more continental station. 

It proves that  the load responses at Brussels are 
significantly affected by inclusion of an IBO or a 
NIBO model. Van Dam and Wahr already had 

a similar conclusion between Onsala (Sweden) a 
coastal station and Boulder (California) a conti- 
nental s ta t ion.  

The figure l(c) shows the surface horizontal 
displacements for the EW component at Brus- 
sels for both the IBO model (solid line) and the 
NIBO model (dashed line). The results show 
that  the effect of the different ocean hypotheses 
is much smaller for the horizontal components 
than that  for the vertical component. 

The effect of the dependence of the surface 
displacements and admittances on the lateral 
scales of a atmospheric pressure load at Brussels 
are also investigated. The results show that the 
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Figure 1: Effect of the oceanic models on surface displacements 
Note: The abscissa is the time in days and the ordinate are surface displacements 
in turn. The begin time is January 1, 1987. The solid line represents the results 
obtained in the case of the IBO model and the dashed line are those obtained 
in the case of the NIBO model. (a) and (b) are the vertical displacement at 
station of Brussels and of Bad ttombourg. (c) are the horizontal displacement 
(EW component) at station of Brussels. The results are obtained by using the 
data  from the 1 ° x 1 ° grid system and with a CONVmethod. 
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maximum peak to peak amplitude is increasing 

from 12.3 m m  to 26.7 m m  when considering a 

column load of 100 km radius or an area of more 

than 1000 km extension. The corresponding ad- 

mittance ranges from 0.250 to 0.539 m m / m b a r  

respectively for an IBO model. Table 2 shows 

the maximum peak to peak amplitudes and the 

admittances of the vertical and horizontal com- 

ponents in surface displacements as a function 

of the lateral scales. The pressure values are set 

to zero at all the grid elements outside the de- 

fined radius. From this table, one can see that 

the surface displacement is mainly caused by the 

horizontal distribution of the air pressure flutu- 

ations in a broad region extending to more than 

1000 km. Figure 2(a) shows the comparison be- 

tween the results obtained with a column load 

of 100 km radius and those obtained for a col- 

umn load of 200 km radius, figure 2(b) shows the 

same kind of comparison between the results ob- 

tained with a column load of 100 km radius and 

those obtained for a column load of more than 

1000/¢m radius. This is done in order to verify 

the temporal evolution of the amplitude of the 

radial displacement. 

The radial displacement induced by atmo- 

spheric pressure is also calculated with the 

TCCE method using the ground pressure in a 

1.125 ° x 1.125 ° grid system. The average max- 

imum peak to peak amplitude for 5 stations is 

about 23.0 m m  (table 3). Figure 3 gives a com- 

parison between the results obtained with both 

the TCCE and those obtained with the CONV 

methods for Brussels' station. One can see that 

there exists generally a good agreement between 

the results obtained with these two different 

methods. It proves that the TCCE method can 

provide us with a good approximation in the cal- 

culation of the vertical displacement caused by 

atmospheric pressure fluctuations. This conclu- 

sion is also confirmed by the results published by 

Van Dam ~ Wahr (1987). 
The results obtained by us agree generMly 

quite well with earlier theoretical studies of at- 

mospheric pressure loading and VLBI data anal- 

ysis found in publications. The observed small 

discrepancies may have different causes: (1) the 

model of the atmosphere used for calculation, 

(2) the time and space intervals of the observa- 

tions, (3) the extension of the region where the 

regional and globM air pressure are considered, 

(4) the scale height of the atmosphere, including 

the division of the atmosphere into different lay- 

ers, (5) the distance of the station to the oceanic 

areas, (6) the treatment for the subdivision of 

the grid elements near the station. 

4. C o n c l u s i o n s  

The surface displacements induced by the lo- 

cal and regional air pressure changes can be cal- 

culated with the accuracy requested in present 

measurement techniques, such as VLBI or SLR, 

by performing a convolution sum between mass 

loading Green's functions and the barometric 

pressure isobar data (geographically distributed 

in a 1 ° x 1 ° grid system extending to more than 

1000 km around the station and until about 12 

km above the Earth's surface) or ground pres- 

sure data (in a 1.125 ° × 1.125 ° grid system ex- 

tending to more than 1000 k m  around the sta- 

tion). 

The average maximum peak to peak ampli- 

tudes of the radial displacements for 5 stations 

in Europe can reach 22.9-30.2 m m  depending on 

the IBO and the NIBO hypotheses for the ocean 

response. The corresponding admittances are 

0.576-0.758 m m / m b a r  respectively. From the 

magnitude of these effects, it is clear that it is 

necessary to take into account the correction of 

the atmospheric pressure in surface point posi- 

tion measurements and baseline measurements. 

The calculations of the surface displacements 

due to the pressure are mainly influenced by the 

lateral extension of the considered load. For 

Brussels' station, the admittance varies from 

0.250 m m / m b a r  for a load of 100 krn radius to 

about 0.539 mm/rnbar  for a column load of 1000 

km or more. We conclude that in the calcula- 
tion of the surface displacements, it is necessary 

to consider a column load of at least 1000 krn 
around the station. In the future we want to use 
the spherical harmonic coefficients of the global 
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between the results obtained with a column load of 100 km radius and those 
obtained for a column load of 200 krn radius (b) shows the same kind of comparison 
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F i g u r e  3: C o m p a r i s o n  of  t h e  c a l c u l a t i o n  m e t h o d s  

Note: The abscissa is the time in days and the ordinate is radial displacement 
in rnrn at station of Brussels. The begin time is January 1, 1987. The solid line 
represents the results calculated with CONV method in the case of an IBO model 
and the dashed line are those obtained with the TCCE method. 
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Table  1: Results  of the  C O N V  m e t h o d  

model station name 
Brussels 
Luxembourg 

IBO Strasbourg 
Bad Hombourg 
Wettzell 
average 
Brussels 
Luxembourg 

NIBO Strasbourg 
Bad ttombourg 
Wettzell 
average 

radial horizontal 
U ad. EW ad. NS ad. 

26.654 0.539 1 .764 0.03'6 0.771 0.016 
24.179 0.629 1 .321 0.034 0.474 0.012 
19.736 0.544 1 .214 0.033 0.606 0.017 
22.971 0.536 2.710 0.063 1.005 0.023 
20.954 0.631 0.139 0.004 0.224 0.006 
22.899 0.576 1.430 0.034 0.616 0.015 
36.969 0.748 2.127 0.043 0.138 0.003 
31.921 0.828 1.247 0.032 0.600 0.016 
26.268 0.725 1 .203 0.033 0.133 0.004 
29.415 0.687 2.837 0.066 0.442 0.010 
26.569 0.800 0.178 0.005 0.471 0.014 
30.228 0.758 1 .518 0.036 0.357 0.009 

hypothesis and 
The pressure 

Note: The IBO corresponds to an inverted barameter ocean 
the NIBO to a non-inverted barometer ocean hypothesis. 
data in 1987 in 1 ° x 1 ° gird system are used. U, E W  and N S  represent the 
radial, east-west and north-south components in ram. ad. is the admittance 
between the corresponding component of the surface displacements and the 
local pressure in mm/mbar. 

Table  2: Effect of the  la te ra l  scale 

radius radial horizontal 
in km U ad. EW ad. NS ad. 

100 12 .341  0.2,50 1.872 0.0378 1 .658 0.0335 
200 15 .372  0.311 1.685 0.0341 1 .699 0.0344 
300 17 .998  0.364 1.690 0.0342 1 .732 0.0350 
400 19 .465  0.394 1.600 0.0324 1 .555 0.0315 
500 20.767 0.420 1.569 0.0317 1.467 0.0296 
600 21.693 0.439 1.554 0.0314 1 .398 0.0283 
700 22.719 0.460 1.563 0.0316 1.324 0.0268 
800 23.648 0.478 1.580 0.0320 1.231 0.0249 
900 24.519 0.496 1.608 0.0325 1 .172 0.0237 
1000 25.205 0.510 1.616 0.0327 1.094 0.0221 

all grid 26.654 0.539 1.764 0.0357 0.771 0.0156 

~ote: The results are calculated with the CONV method. 
The pressure values are set to zero at the grid elements out- 
side the defined distance from the station. U, E W  and N S  
represent the radial, east-west and north-south displacement 
components in rnm. ad. is the admittance between the dis- 
placement and the local pressure at the station of Brussels in 
mm/mbar. 

No. 
304 
347 
390 
410 
495 

Table  3: Resul ts  of the  T C C E  m e t h o d  

station name ¢ A h U ad. 
Brussels 59.799 4'1358 101.0 24 .678 0.571 
Luxembourg 49.665 6.158 295.0 23.652 0.589 
Strasbourg 48.620 7.870 138.0 22.839 0.649 
Bad Hombourg 50.229 8.611 190.0 21.713 0.579 
Wettzell 49.146 12.879 612.0 21.836 0.629 
average 22.944 0.603 

Note: The results are calculated with the two-coefficient correction 
equations (TCCE) provided by Rabbel and Zschau (1985). Only the 
ground pressure data in 1987 are used in the 1.125 ° x 1.125 o grid 
system. ¢, A, h represent the coordinates (latitude, longtitude and 
height) of the station. U represents the surface vertical displacement 
in mm and ad. is the admittance between the displacement and the 
local pressure in mm/mbar.  
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surface pressure obtained from SBAAM (Sub- 

Bureau for Atmospheric Angular  Momemtum)  

in order to calculate the corresponding global 

atmospheric pressure effect in the evaluation of 

the influence of the loading further  than  1000 km 

from the station. To this aim we will compare 

the results obtained from a column load of 1000 

km and those obtained from a load expressed in 

spherical harmonics and si tuated in a zone larger 

than 1000 kin. 

The results obtained with the T C C E  method 

provided by Rabbel ~= Zschau (1985) agree with 

those obtained with the CONV method for the 

radial displacement except for some small differ- 

ences. This conclusion is also confirmed by the 

results published by Van Dam & Wahr (1987). 

According to our analysis as well as the results 

found in publications, we emphasize that  the dis- 

crepancies may have different causes, such as the 

model of the atmosphere,  the t ime and space in- 

tervals of the pressure data,  the scale height, the 

laterM scale of the load considered, the distance 

of the station to the ocean areas and the treat- 

ment  for the subdivision of the grid elements 

near the station. 

Acknowledgements .  We are pleased to address 

our gratitude to Prof. P. P&quet, Prof. P. Melchior 

and Dr. O. Francis for their helpful discussions and 

comments. Mr. Vanlierde from Royal Meteorological 

Institute of Belgium helped us in preparing the data. 

All the computations are performed at Royal Obser- 

vatory of Belgium. 

Paper presented at the IAG General Meeting, Bei- 

jing, China, August 8-13, 1993. 

H.-P. Sun: Permanent address: Institute of Seis- 

mology, State Seismological Bureau, Xiao Hongshan, 

430071 Wuhan, Hubei, P. R. of China. 

B. Ducarme: Belgian National Funds for Scientific 

Research. 

R e f e r e n c e s  

De Meyer F. & Ducarme B.,1986. Input-output 
analysis of the observations of superconducting 
gravity meter. Proc. lOth Int. Symp. on Earth 
Tides, Sept. 23 - 28, Madrid, Spain, 1985, eds. 
Ricardo Vieira and Consejo Superior de Inves- 
tigaciones Cientificas, 531 - 554. 

Farrell W. E., 1972. Deformation of the Earth by 
surface loads. Rev. Geophys., 10, 761-  797. 

Longman J. M., 1962. A Green's function for deter- 
mining the deformation of the Earth under sur- 
face mass loads. J. Geophys. Re., 67, 845-850. 

MacMillan, D. S. & Gipson, J. M., 1994 Atmo- 
spheric pressure loading parameters from very 
long baseline interferometry observations. J. 
Geophys. Res., 99, Bg, 18081-18087. 

Merriam J.B., 1992. Atmospheric pressure and 
gravity. Geophys. J. Int., 109, 488 -450.  

Rabbel W. & Zschau J., 1985. Static deformations 
and gravity changes at Earth's surface due to 
atmospheric loading. J. Geophys., 56, 81-89. 

Sun He-Ping, Ducarme B. & Dehant V., 1993. 
Preliminary Investigations of the Atmospheric 
pressure effect on vertical displacement and 
gravity observations. Bulletin d'Informations 
des Mar6es Terrestres, 114, 8134-8162. 

Sun He-Ping, Ducarme B. & Dehant V., 1994. The- 
oretical calculation of the atmospheric gravity 
Green functions. Proc. of the second workshop 
on non-tidal gravity changes: intercomparison 
between absolute and superconducting gravime- 
ters, Walferdange, Luxemburg. 

Stolz A. & Larden D. R., 1979. Seasonal displace- 
ment and deformation of the Earth by the atmo- 
sphere. J. Geophys. Res., 84, Bll ,  6185-6194. 

Van Dam T. M. ~ Wahr J. M., 1987. Displace- 
ments of the Earth's surface due to atmospheric 
loading: effects on gravity and baseline measure- 
ments. J. Geophys. Res., 92, B2, 1281-1286. 

Van Dam T. M. & Herring T. A., 1994. Detection of 
atmospheric pressure loading using very long in- 
terferometry measurements. J. Geophys. Res., 
99, B3, 4505-4517. 

Warburton R. R. & Goodkind M., 1977. The influ- 
ence of barometric pressure variations on grav- 
ity. Geophys. J. R. astr., Soc., 48, 281 - 292. 

Wunsch C., 1972. Bermuda sea level in relation to 
tides, weather and baroclinic fluctuations. Rev. 
Geophys., 10, 1 - 49. 


