
mately 60? at one-half power, directed 
to the west, was employed. The radar 
was approximately 76 m above the sea 
so that line-of-sight propagation condi- 
tions existed. Each spectrum is the re- 
sult of about 1000 seconds of observa- 
tion. The spectra are computed by using 
digital techniques. Four range intervals, 
corresponding to a region from about 
10 to 40 km from the radar, have been 
summed to improve the statistics of the 
spectra. It is of extreme interest that, 
when examined individually, the echo 
spectra from these four range intervals 
are indistinguishable in their primary 
features. Further smoothing is obtained 
by taking a running average in fre- 
quency over 5-mhz intervals. Unfortu- 
nately, the wave-height spectrum of the 
sea was not available, but when swell 
was present its period could be esti- 
mated from the waves breaking on the 
beach. In Figs. 1 and 2 the largest 
echoes correspond to waves moving 
toward the transmitter. However, nega- 
tively shifted Doppler features are 
always present. In each figure, the ap- 
proximate noise level of the system is 
indicated by the bold line to the right 
of the echoes. The frequency stability of 
the system is such that the echoes from 
stationary targets (arrow) were not 
resolved in frequency, even before the 
frequency smoothing. In both figures, 
the first-order Bragg lines themselves 
show considerable broadening. The 
points indicated ?fB correspond to the 
theoretical positions of the first-order 
Bragg lines. It should also be noted that 
these lines may be shifted significantly, 
up to about 30 mhz, from their theoreti- 
cal positions. The causes of this broad- 
ening are undetermined; currents along 
the California coast are of sufficient 
magnitude to account for the observed 
shifts. 

The spectrum of Fig. 1 is interpreted 
as arising from a wind-driven sea, in 
the absence of significant swell. The 
central feature, indicated by the arrow, 
is a residual echo from stationary 
objects and is at the transmitter fre- 
quency. Power spectral densities above 
the system noise level, including the 
region around the transmitted frequency 
line, represent scattering from the sea. 
The spectrum is nonsymmetrical about 
the Bragg line. We estimate the slope 
of the spectrum in the region immedi- 
ately above +fB to be -40 decibels 
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per hertz; below +fB the magnitude of 
positive slope may be twice as great. 
The overall features of this spectrum 
are as predicted by Barrick (6) and 
agree quite well with his published theo- 
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retical spectra. However, detailed quan- 
titative comparisons, which are quite 
complex, have not yet been carried out. 

Figure 2 is interpreted as arising 
from a sea surface containing significant 
long-period components. The frequency 
displacements of the distinct features in 
the sidebands about the Bragg lines cor- 
respond to modulation with a 17-second 
period. This period agrees with that of 
the waves breaking on the beach, as 
determined with a watch. Modulation 
sidebands from other swell with a 
shorter period may also be present. 
Well-developed, smooth sidebands such 
as those in Fig. 1 are absent. 

These spectra are typical of our ob- 
servations to date. Significant sideband 
energy is always present; the nature of 
the sidebands varies from day to day. 
In Fig. 1, approximately 50 percent of 
the total echo signal above the trans- 
mitter line is contained in the sidebands. 
In both figures, the rather well-defined 
minima on either side of the principal 
Bragg lines are indicative of a mini- 
mum in ocean wave energy at periods 
of the order of 15 to 20 seconds. We 
conclude that second-order wave-wave 
interactions, as first suggested by Has- 
selmann (2), do occur and that they 
are observable. The more detailed cal- 
culations of Barrick (6) account for 
the observed features of the spectra. 

retical spectra. However, detailed quan- 
titative comparisons, which are quite 
complex, have not yet been carried out. 

Figure 2 is interpreted as arising 
from a sea surface containing significant 
long-period components. The frequency 
displacements of the distinct features in 
the sidebands about the Bragg lines cor- 
respond to modulation with a 17-second 
period. This period agrees with that of 
the waves breaking on the beach, as 
determined with a watch. Modulation 
sidebands from other swell with a 
shorter period may also be present. 
Well-developed, smooth sidebands such 
as those in Fig. 1 are absent. 

These spectra are typical of our ob- 
servations to date. Significant sideband 
energy is always present; the nature of 
the sidebands varies from day to day. 
In Fig. 1, approximately 50 percent of 
the total echo signal above the trans- 
mitter line is contained in the sidebands. 
In both figures, the rather well-defined 
minima on either side of the principal 
Bragg lines are indicative of a mini- 
mum in ocean wave energy at periods 
of the order of 15 to 20 seconds. We 
conclude that second-order wave-wave 
interactions, as first suggested by Has- 
selmann (2), do occur and that they 
are observable. The more detailed cal- 
culations of Barrick (6) account for 
the observed features of the spectra. 

Winters in the decade of the 1960's 
were anomalously cold over the eastern 
United States but warmer than normal 
over the Far West (1). This short- 
period climatic fluctuation was attrib- 
uted to an amplified atmospheric long- 
wave pattern in which a strong trough 
(equatorward bulge in the upper wester- 
lies) dominated the central Pacific. The 
downstream response to this feature 
was a strong ridge in western North 
America and a strong trough in the 
East. Subsequently, Komhyr et al. (2) 
related observed increases in total 
ozone during the 1960's to this anoma- 
lous pattern. It was suggested (1) that 
this anomalous circulation pattern may 
have been forced by anomalous tem- 
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From the variation of the sidebands 
with time over a period of 1 day, we 
conclude that these sidebands are quite 
sensitive to the total wave-height spec- 
trum of the ocean, as has been sug- 
gested. Consequently, it seems likely 
that decameter radar will be able to 
provide measurements of the sea state. 
This has not previously been possible 
because of the technical difficulties of 
carrying out observations with the fre- 
quency resolution and dynamic range 
of those described here. 
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peratures at the surface of the sea in 
the North Pacific. 

Further studies of this regime (3) 
and the regime of the preceding decade 
indicate that an abrupt transition oc- 
curred in about 1957-1958 between 
radically different winter patterns of 
atmospheric circulation and tempera- 
ture. An example of this break between 
two coherent regimes is the winter 
temperature in Atlanta, Georgia, which 
averaged 3?C colder in the later period 
than in the earlier. 

Because of the large winter differ- 
ences in mean pressure gradient and 
sea surface temperature off the West 
Coast in these roughly decadal periods, 
as shown in Fig. 1, we considered a 
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Sea Level at Southern California: A Decadal Fluctuation 

Abstract. The winter mean height of sea level at southern California rose 5.6 
centimeters between the periods 1948-1957 and 1958-1969. These periods cor- 
respond to two fairly coherent large-scale climatic regimes with different air-sea 
coupling, which were previously identified. The rise was mainly due to a change 
in the thermohaline structure of the water as a result of changes in prevailing 
winds. 
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priori that the height of sea level in 
winter along the West Coast might also 
have reflected a decadal difference. In- 
deed it did, as shown by observations 
at San Diego (Fig. 2), where the sea 
level in the winter (December through 
February) in the later period averaged 
5.6 cm higher than in the earlier period. 
A similar rise was observed at Los 
Angeles (not shown). This difference 
was found to be highly significant (4). 

Although thorough explanations of 
the "climate" of sea level have been 

given (5) and studies of long-period 
trends in sea level have often ap- 
peared (6, 7), comparatively little 
work has been done on the subject of 
sea level variations on decadal time 
scales. In attempting to account for 
the variation described above we have 
considered the following causes enu- 
merated by Montgomery (8): 

1) Changes in atmospheric pressure. 

2) Dynamic effects of ocean cur- 
rents. 

3) Local wind effects. 
4) Thermohaline effects. 
5) Long-period astronomic tides. 
6) Local additions to water mass. 
7) Changes in bathymetric config- 

urations. 
8) Glacial melt and land subsidence. 
Item 1 was easily calculated from 

hydrostatic considerations by using 
barometric pressures in San Diego and 
the "inverted barometer" method. Items 
2, 3, and 4 are only partially separable, 
each contributing a share of the overall 
dynamic effect. All major transport 
components, namely Ekman, baroclinic, 
and barotropic, were calculated from 
atmospheric and oceanographic data. 
The difference between the total trans- 

port and the sum of baroclinic and 
Ekman transports accounts for the sea 
level inclination caused by barotropic 

Fig. 1. Differences between the winter (December through February) sea surface 
temperature changes (drawn for intervals of 1.0?C) (solid lines) and sea level pres- 
sure changes (in millibars) (broken lines) of 1948-1957 and 1958-1969 (later minus 
earlier period). The hatched area denotes negative changes greater than 1?C, the 
area marked with filled squares positive changes greater than 1?C. Arrows indicate 
the directional change in geostrophic air flow. 
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.Fig. 2. Winter (December through Feb- 
ruary) mean height of sea level (in 
centimeters above an arbitrary reference 
level) at San Diego, California (12). 

current and wind effect on water piling 
up along the coast. However, item 4 
has also been treated independently by 
computing the anomaly of geopotential 
on the basis of steric considerations, 
which involve the expansion and con- 
traction of water columns as a result of 
density variations. We can neglect item 
5 because it contributes only a minute 
part of the sea level fluctuation and the 
effect on the decadal difference is very 
small (5). Items 6 and 7 can be ne- 
glected in this area. Item 8 has been 
accounted for by computing the long- 
period secular rising trend of the sea 
level at San Diego since 1926. For the 
data sources and details of the analysis 
and computations see (9). 

The results of these computations 
indicate that atmospheric pressure dif- 
ferences (the inverted barometer effect 
of item 1) account for 0.6 cm, the 
overall dynamic effect for 1.0 cm, and 
the secular rise (item 8) for 1.0 cm, 
while the thermohaline effect (item 4) 
accounts for 3.7 cm. The net computed 
rise, 6.3 cm, compares favorably with 
the observed rise of 5.6 cm. By far the 
largest effect is thermal: the surface 
layer of the ocean off the coast averaged 
up to 1?C warmer in the later period 
than in the earlier one. This warming 
was associated with less north-to-south 
wind stress (stronger anomalous south- 
west wind components) in the later dec- 
ade, which in turn resulted in more 
eastward oceanic flow from the sub- 

tropics and less southward flow from 
the California current system. Figure 1 
shows the differences between periods 
(later minus earlier) in the sea level 
pressure and also in the sea surface 
temperature. 

Such coupled air-sea anomalies could 
account for that part of long-term 
trends in sea level which cannot be ex- 

plained by river runoff, glacial melt, 
and land subsidence. These trends have 
been studied along the East Coast and 
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the Gulf Coast of the United States by 
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namely, La. 8Sro.2CoO and LaCoO, 
have been described as active catalysts 
for electrode oxidation-reduction re- 
actions (1) and hydrogenation reac- 
tions (2), respectively. It has been sug- 
gested that LaCoO3 might be a good 
catalyst for the treatment of auto ex- 
haust gases (2). We have tested this 
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compound, and others with the same 
perovskite-like crystal structure, in the 
oxidation of CO, the main toxic con- 
stituent of automotive exhaust. The 
compounds LaCoO3 and PrCoO3 were 
found to be active catalysts for the ox- 
idation of CO. The manganites La1_,- 
Pb MnOa and Prl_ Pb_MnOa, but 
particularly Ndl_,PbxMnO3, with 
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0.4 < x < 0.6, were very active also. 
The presence of Pb in these compounds 
led us to measure the poisoning of the 

activity by Pb derived from gasoline 
additives. This was not as severe a 
problem as with other catalysts. The 
cobaltites and manganites compare 
favorably with commercial Pt catalysts, 
which were tested under the same con- 
ditions (Table 1). They show initial 
activities similar to that of the PTX 
catalyst (Engelhard), which was de- 
signed for exhaust treatment (3). The 
activities of the manganites deteriorate 
considerably more slowly than that of 
Pt. Therefore, these compounds seem 
very promising substitutes for Pt in 
catalytic devices for the treatment of 
auto exhaust. 

The test reaction was the oxidation 
of CO with 02. In a continuous flow 
system a mixture of CO and 02 (2:1 
molar ratio) was fed (30 ml/min) 
through a charge of approximately 2 
cma of catalyst. The effluent from the 
reactor was automatically sampled at 
intervals of 2 minutes or more, and 
analyzed by means of a gas-liquid 
chromatograph with an automatic in- 
tegrator. The conversion of CO was 
determined as a function of tempera- 
ture while the catalyst was slowly heat- 
ed up. The activities of the fresh cat- 
alysts are given in Table 1 as the tem- 
peratures at which 5, 10, or 20 per- 
cent conversion of CO was reached, 
normalized for a 3-g charge of cata- 
lyst. The deactivation of the catalysts 
with time was subsequently followed at 
constant temperature (Table 1). The 
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Table 1. Activity and lifetime of oxidation catalysts for the test reaction: CO + /2Oa -> CO2. Flow rate: 30 ml/min of a stoichiometric mix- 
ture at normal temperature and pressure. 

Activity testt Life test 

Catalyst* (mSt Weight Temperature (?C) for CO Conversion? 
Catalyst*~(m2/g) of conversion of Time Temper- - 

catalyst _________________ (hours) ature gin- End 
(\C) ning 

(g) 5% 10% 20% (%) (%) 

Pt (PTX) 7.0 1.2 185 205 225 77 235 11 5.9 
Pt (PTX) 7.0 0.91 177 197 222 56 235 8.5 6.4 
Pt (0.5% on AlO23) 110 0.94 80 160 
La_-,Pb5MnO3 (sample 1) < 0.1 2.8 190 215 245 
La-._Pb5MnOa (sample 2) < 0.1 5.1 183 205 233 136 330 68 44 

Pr-1_Pb,MnO3 <0.1 3.5 198 225 247 
Nd-_Pb,MnO3 < 0.1 3.4 165 180 195 60 208 22 13 
LaCoO2 (sample 1) < 0.1 4.4 180 200 
LaCoO3 (sample 1) < 0.1 3.7 183 196 215 15 210 20 6.5 
LaCoOa (sample 2) < 0.1 5.6 187 197 208 25 200 18 9.3 
LaCoOa (sample 2) < 0.1 4.6 190 
PrCoO3 < 0.1 3.7 160 175 60 212 16 11 
* The atomic fraction x in the manganites may vary between 0.4 and 0.6. All oxides listed are crushed single crystals. t Conversions are normalized 
for 3 g of catalyst, on the assumption that the reaction rate is first order with respect to CO and 0.. At these relatively low conversions, the error 
involved is slight. t Specific surface area was determined with the Shell/Perkin-Elmer Sorptionmeter. From the size of the single crystal particles, a 
specific surface area of 0.03 m2 per gram of catalyst was calculated for the rare-earth oxides. ? Conversions at the beginning and end of the test 
are for the actual weight of charge in column 3. 

Table 1. Activity and lifetime of oxidation catalysts for the test reaction: CO + /2Oa -> CO2. Flow rate: 30 ml/min of a stoichiometric mix- 
ture at normal temperature and pressure. 

Activity testt Life test 

Catalyst* (mSt Weight Temperature (?C) for CO Conversion? 
Catalyst*~(m2/g) of conversion of Time Temper- - 

catalyst _________________ (hours) ature gin- End 
(\C) ning 

(g) 5% 10% 20% (%) (%) 

Pt (PTX) 7.0 1.2 185 205 225 77 235 11 5.9 
Pt (PTX) 7.0 0.91 177 197 222 56 235 8.5 6.4 
Pt (0.5% on AlO23) 110 0.94 80 160 
La_-,Pb5MnO3 (sample 1) < 0.1 2.8 190 215 245 
La-._Pb5MnOa (sample 2) < 0.1 5.1 183 205 233 136 330 68 44 

Pr-1_Pb,MnO3 <0.1 3.5 198 225 247 
Nd-_Pb,MnO3 < 0.1 3.4 165 180 195 60 208 22 13 
LaCoO2 (sample 1) < 0.1 4.4 180 200 
LaCoO3 (sample 1) < 0.1 3.7 183 196 215 15 210 20 6.5 
LaCoOa (sample 2) < 0.1 5.6 187 197 208 25 200 18 9.3 
LaCoOa (sample 2) < 0.1 4.6 190 
PrCoO3 < 0.1 3.7 160 175 60 212 16 11 
* The atomic fraction x in the manganites may vary between 0.4 and 0.6. All oxides listed are crushed single crystals. t Conversions are normalized 
for 3 g of catalyst, on the assumption that the reaction rate is first order with respect to CO and 0.. At these relatively low conversions, the error 
involved is slight. t Specific surface area was determined with the Shell/Perkin-Elmer Sorptionmeter. From the size of the single crystal particles, a 
specific surface area of 0.03 m2 per gram of catalyst was calculated for the rare-earth oxides. ? Conversions at the beginning and end of the test 
are for the actual weight of charge in column 3. 
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