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Abstract 

Near the equator and along some coasts cool water ascends, together with the thermo
cline. This paper discusses PIt this phenomenon, which plays an important role in climatic 
change. The observed facts indicate as follows: a) A positive correlation between equatorial 
sea surface temperature and atmospheric content of CO2 and H20, b) a negative correlation . 

Ibetween the intensity of trades and equatorial (plus coastal) sea surface temperature, c) a 
negative correspondence between the intensity of the trades and the latitude of the sub
tropical anticyclone at the both hemispheres, d) a negative correlation between the tropo
spheric temperature difference, equator minus pole, and the latitude of the subtropical anti
cyclone, and e) a negative correlation between global temperature changes and the tropo
spheric temperature difference, equator minus pole, which is caused by the snow-ice-albedo
temperature feedback. A hypothetical hemispheric climatic feedback mechanism is, in the 
case of cooling after a cluster of volcanic eruptions: meridional temperature gradient will 
become greater, latitude of the subtropical anticyclones become lower, intensity of Hadley 
cell winds (trade) increases, equatorial sea surface temperature becomes cold, atmospheric 
content of CO2 and H20 becomes lower, thus resulting in further cooling. In the case of 
warming during a prolonged lull of volcanic activity, the tendencies mentioned above are 
opposite. This feedback mechanism changes drastically frequency and intensity of equatorial 
and coastal upwelling. Since the oceans are closed basi,· and the turnover time of the deepIllS 
ocean may be in the order of 500 years, the efficiency of the process is limited in the time 
of several centuries. 

this process plays a great role in climatic change. 1. Introduction 
The role of the stratosphere in climatogenetic 

The concept of a geophysical climatic system processes seems to be rather minor, while the 

embraces several interacting subsystems with deep sea acts as a major reservoir, especially 

quite different physical properties and char in the carbon budget. 

acteristic time-scales (Fig. 1). Two of these sub


1. Cold water upwelling and atmospberlc C02 
systems are split into two layers also with dif
ferent time-scales: the well-mixed troposphere The role of the carbon budget has ar6sed JI1I.l1 
versus the stable stratosphere, the upper mixed general interest among paleoclimatologists, after 
layer of the ocean (once described by A. Defant Delmas et al. (1980), Berner et al. (1980) and 
as "oceanic troposphere") versus the stable deep Oeschger (in Bach et al. 1980) found evidence 
ocean. The transition zones between these two in Antarctic and Greenland ice cores, that the 
layers-the tropopause and the thermocline CO2-content of the atmosphere has varied be
are themselves complex, often multiple features tween about 180 ppm during the last glacial 
continuously disintegrating and restoring, and (18 ka ago, ka= 1(}'l years) and about 350 ppm 
thus quasi-permeable. In contrast to the atmos (perhaps 400 ppm) during the Holocene warm 
phere, the vertical exchange in the ocean is epoch 6-8 ka ago. Due to the recent wide-spread 
mainly concentrated in narrow areas, at the concern about the climatic consequences of the 
Antarctic ice shelves and in the northernmost continuous increase of atmospheric C02 (Bach 
Atlantic. Near the equator and along some 1980), from about 295 ppm at the end of the 
coasts cool water ascends, together with the 19th century to nearly 340 ppm (1981), the 
thermocline; here it is intended to show that problem of the carbon budget in atmosphere, 
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Fig. 1 Climatic system with its subsystems, interactions and characteristic 
time-scales (Flohn 1980). 

ocean and biosphere is now thoroughly investi- large-scale phenomenon-which occurs at about 
gated. In this context it is impossible to review two thirds of the equatorial Pacific, and also 
this issue; at present (August 1981) the most seasonally at the Atlantic-cannot be recom
probable solution seems to be that the net carbon mended. A crude estimate of these differences 
flux to or from the biosphere is nearly balanced, is demonstrated by the fact that during the period 
and that about 55 (45) percent of the fossil 1958-1974, the average CO2-increase within five 
carbon enters the atmosphere (ocean). The selected years with prevailing cool water was 
recent increase of the C~-content of air varies only 0.57 ppm! a, while during five years with 

~	 distinctly from year to year, rather independent prevailing warm water it was 1.11 ppm! a. Thus 
from the irregular annual increase of global in a warm water year, more than one Gt (l015 g) 
COz-production from fossil fuel and cement, carbon is additionally injected into the atmos
which has since 1973 decreased from about 4.5 phere, in comparison to a cold water year. 
percent to 2.25 percent per year (Rotty 1981). 

3 Oceanic evaporation Comparative investigations (Keeling and Bacastow . 
1977, Newell et al. 1978, Angell 1981) found Other investigations (e.g. Henning and Flohn 
a positive correlation between the rate of increase 1980) have demonstrated that oceanic evapora
of atmospheric CO2 and the fluctuations of sea tion-as computed with the bulk aerodynamic 
surface temperature (SST) in the equatorial formula-varies even stronger (and in the same 
Pacific, which are caused by rather abrupt direction) with upwelling! downwelling. During 
changes between upwelling cool water and down- strong upwelling with SST <20 C, the evapora
welling warm water (HEI Nino") in the eastern tion drops to less than 1 mm! d, while at SST= 
equatorial Pacific. Indeed the cool upwelling 27-28C 4-4.5 mm! d are normal, equivalent to 
water is not only rich in (anorganic) CO2 but 140-160 cm! a. This difference is easily under
also in nutrients and organisms (algae) which stood: with upwelling cold water the flux of 
consume much atmospheric CO2 in organic form, sensible heat is directed downwards, thus stabiliz
thus reducing the increase of atmospheric CO2, ing the air, trapping the evaporated water vapour 
Conversely the warm water of tropical oceans, in the lowest layers and reducing the evaporative 
with SST near 27°C, is barren, thus leading to p()wer of the air with increasing relative humidity. 
a reduction of CO2-uptake by the ocean and Above warm waters, the air is heated from below 
greater increase of CO2• The use of the local and thus unstable, water vapour is transported 
term uEI Nino" from the Peruvian coast for this rapidly upward with atmospheric turbulence and 
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the relative humidity cannot increase above a 
certain threshold (near 78 percent). In this case 
evaporation reaches its maximum, thus consuming 
(with a Bowen ratio between 0.03 and 0.05) 
nearly the whole available net radiation. On 
the base of 120 monthly averages at the 
equatorial Atlantic Weber (1981) has found a 
significant positive correlation (+ .78) between 
SST and latent heat of evaporation. Similarly 
a significant negative correlation (- .83) exists 
between relative humidity and thermal stability, 
i.e. the difference SST-Tair. A positive correlation 
between rainfall (as indicating convective activity 
and thermal instability) and SST has been found 
by many authors; it has also been found in a 
fairly realistic model by Rowntree (1972). 

In passing it should be noted that with a net 
radiation prescribed by the geometry of solar 
radiation and high convective cloudiness, this 
process limits SST at undisturbed ocean areas. 
This is caused by the exponential increase of 
saturation'vapour pressure with SST: above about 
29 C (at a maximum 29.5 C) the available net 
radiation-see Hastenrath and Lamb (1978, 
1980)-is no longer sufficient to maintain the 
process of evaporation. Indeed, only in parts 
of the Indian Ocean, in the Indonesian seas and 
in the westernmost Pacific SST values slightly 
above 29 C are observed. Assuming the solar 
radiation to be virtually constant, this gives 
apparently an upper limit of SST. 

4. Physical processes 

What physical mechanism is responsible for 
the sudden and nearly simultaneous shifts be
tween upwelling and downwelling in the central 
and eastern part of the Pacific Ocean? Wyrtki 
(1975, 1977) has collected convincing evidence 
that in a closed basin, the zonal circulation of 
water masses driven by easterly winds at both 
sides of' the equator, reverts its sign, when the 
wind stress of the easterlies drops, in the Central 
Pacific, below a certain threshold. Then the 
piled-up water in the western part flows back 
driven by a surface slope in order of 05 m 
(._5.10- 8) along the length of the Pacific 
equator. At the equator strong easterly winds 
create a narrow belt of Ekman divergence in 
the upper mixed ocean layer and consequently 
of upwelling (1. Bjerknes 1969); the vertical 
component of oceanic motion is controlled by 
the vorticity of the wind stress vector. The lull 
of the easterlies then causes a disappearance of 
upwelling and the replacement of cool water by 

normal tropical water. E. R. Reiter (1978) has 

also shown that equatorial upwelling is correlated 

with more intense, downwelling with compara

tively weak trade winds. It should be noted that 

these processes· occur nearly simultaneously also 

over the adjacent areas of coastal upwelling 

(Enfield and Allen 1980) and (somewhat weaker) 

at the eastern Pacific belt Lat. 20oN-20oS (Weare 

1981). 


Under stationary conditions-i.e. disregarding 
the present continuous injection of CO2 into the . ~ 
atmosphere-the air-sea exchange processes of ..... 
CO2 and H20 act parallel: upwelling reduces, 
downwelling increases their content in the air. 
This coherence adds to the corresponding role 
of C02 and H20 in comprehensive climate 
models (e.g. Manabe-Wetherald 1975, 1980, 
Ramanathan 1981). These two gases are most 
powerful absorbers of infrared radiation in the 
atmosphere, but are transparent in the visible 
part of the spectrum. Both contribute to the so-
called "greenhouse effect"; that of H20 is even 
greater, especially in the tropics, than that of 
CO2 , since the globaf averaged partial pressure I (/~ 
of H20 at the surface is 25 mbar (Trenberth 
1981) compared with that of CO2-O.3 mbar. A 
hierarchy of models has indicated that with a 
doubling of the CO2-content the global averaged 
surface temperature (Tsf) is expected to rise 
between 2 and 3 C (Gates in Bach 1980). Due 
to the well-known snow-ice-albedo-temperature 
feedback (Kellogg 1974) the temperature rise lIfIIII 
at the northern polar cap is 2-3 times larger than 
in mid-latitudes; in the tropics it seems to be 
slightly smaller. This indicates that the tropo
spheric temperature difference r between equator 
and pole decreases with increasing CO2 and 
vice-versa (Fig. 2). A reasonable estimate of 
the change J r with Tsf can be expressed linearly 

LATITUDE 

Fig. 2 Surface tempemture as a function of lati· 
tude after an increase of atmospheric CO2 con· 
tent by a factor 2 or 4 (Model Manabe
Wetherald 1980; L. Gates in Bach 1980). 
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.dr= -K.dTsf (Flohn 1981) b) a negative correlation between the intensity 
with an amplification factor K to be derived e.g. of trades and equatorial (+ coastal) SST, 
from the model results of Manabe-Wetherald c) an (apparent but not checked) negative 
(1975, 1980), For the layer 3001700 mb average correspondence between the intensity of the 
monthly values of r are available for both hemi trades and ipSTA, 

spheres (Flohn 1967); K can be estimated to be d) a negative correlation between rand 
-1.4. If, with a prolonged intense warming in ipSTA, 

the order of ATsc= 4-5 0, a possible disappearance e) a negative correlation between global 
of the Arctic sea-ice is taken into account (Flohn temperature changes and r, caused by the 
1980), together with a vanishing surface inver snow-ice-albedo-temperature feedback. 
sion, K may rise to 1.5-1.7 (Flohn 1981), How For a first-order estimate subject to further 
ever, in the case of a water-covered, unglaciated verification we disregard in these correlations 
planet, K should drop below 1. Under actual some short time-lags, in the order of a few 
conditions a strong positive correlation (+0.85, months, as investigated by Wyrtki (1975), Reiter 
with a 1-2 month lag of ipSTA 0.92) exists be (1979), Angell (1981) and others. 
tween r and the latitude of the subtropical anti

Feedback mechanism cyclone (ipSTA) at both hemispheres (Korff and 5. 

Flohn 1969). This relation had originally been Combining these correlations and corre

derived (Flohn 1964) from a barocIinic instability spondences at a hemispheric scale, an integrated 

criterion given by Smagorinsky (1963), but is feedback mechanism should act as follows 

empirically verified (Fig. 3). (Table 1): 


These observed facts indicate that significant A similar mechanism may also be responsible 
interacting correlations and correspondences be- for the hitherto rather enigmatic occurrence of 
tween atmospheric and oceanic phenomena abrupt climatic change (e.g. Kukla 1980, Woillard 
eXist;: 1979, Flohn 1979). During the last years con-

a) 	 a positive correlation between equatorial vincing evidence for non-local drops of annual 
SST and atmospheric content of CO2 and temperature in the order of 3 C and more in less 
H20, than a century, perhaps in a few decades, has 
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Fig. 3 Average monthly and annual values of the tropospheric (300-700 mb 
layer) temperature difference equator-pole versus latitude of the sub
tropical anticyclonic belt, both hemispheres, actual data (revised after 
Korff-FIohn 1969). 
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Table 1 A hypothetical hemispheric climatic feedback mechanism 

Polar regions initially 

Meridional temperature gradient 
Latitude of subtropical anticyclones (i'STA 

Intensity of Hadley cell winds (trades) 
Equatorial sea surface temperature (SST) 
Atmospheric content of CO2 and H 20 
Resulting in further 

I) e.g. after a cI uster of volcanic eruptions 
2) e.g. during a prolonged lull of volcanic activity 

coolingll 

/' 
\. 

strong 
cold 

\. 
cooling 

warming2) 

\. 
/' 


weak 

warm 


/' 

warming 


been presented. The last examples of this kind 
had been observed in the late-glacial "AllerOd
sequence", when in Europe two sudden warmings 
(Bolling and Allerod) occurred alternatively with 
two abrupt coolings (Middle and Lower Dryas 
period) during not more than 1,500 years, be
tween 12.3 and 10.8 ka ago. Simultaneous events 
have been evidence also in North America, 
accompanied by at least a couple of drastic 
changes of temperature and rainfall in the 
tropics of South America, Africa and in NW 
India. Similarly dramatic climatic "catastrophes" 
have been described from earlier interglacials 
(MUller 197$). They are very rare events, with 
a frequency in the order of one in 1-2 X 104 

years. 

6. Discussion 

As suggested above, the hemispheric climatic 
feedback mechanism changes drastically fre
quency and intensity of equatorial and coastal 
upwelling. Since the oceans are, to some extent, 
closed basins, and since the turnover time of the 
deep ocean may be in the order of 500 years 
only (Broecker et al. 1980), the efficiency of the 
processes is limited in time; after several centuries 
it should drop asymptotically. But just this time
scale of a few decades or centuries is of interest 
for paleoclimatologists. 

While the correlations a)-e) (and their con
sequences) apparently are rather well established, 
the relevant time-lags are less certain and should 
be verified, with sufficiently long and reliable 
data series, in the space-time domain. This check 
promises also to give a hint of the sign of the 
causal geophysical relationships. At present, the 
sign of the vertical component of the oceanic 
motion along the Pacific equator varies at a 
time-scale of a few years or even shorter. It is 
not known, how the frequency of such shifts, 
or the duration and intensity of upwelling changes 

with time, e.g. between the last decades of the 
19th century and the period since 1950 (which 
is unfortunately the only period with a fairly 
satisfactory density of observations). It is even 
less known how far duration and intensity of 
upwelling! downwelling episodes change~ in pre
historic periods, such as during. the Holocene 
warm period 6-9,000 years fOr during the last 
glaciation. Strong carbonate sedimentation at 
the Ontong-Java plateau around 155°E (Berger 
1977) and phosphate sediments at Nauru indi
cate, that during the glacial peaks upwelling 
was much more intense and/or frequent in the 
western Pacific than now; SST along the equator 
was 6_8 0 lower. 

The behaviour of the equatorial interaction 
between atmosphere l\nd ocean, involving ex
change of H 20 and CO2 between both reservoirs, 
is only incompletely understood under present.J. 
conditions. Our hypothesis of larger variations 
of this mechanism during climatic changes 
promises a deeper insight into their geophysical, 
i.e. internal causes, most probably related to a 
time-scale of a few decades or centuries, i.e. 
to the "human" time-scale in the order of the 
human life-time (50-100 years). Since this time
scale remained until now quite enigmatic,. but is 
of high concern for mankind in a time of rapid 
popUlation increase and depletion of resources, 
further investigations must be strongly recom
mended. 
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The Periodicity and Predictability of Climate: An Essay 

By Zhang Jia-cheng 

Central Meteorological Bureau of China, Beijing 
(Manuscript received 16 September 1981) 

Abstract 

The atmospheric processes are usually presented through the phase of spatial waves 
andlor of temporal periods as units. Owing to the limited size of the Earth, temporal 
periods has more generality in identification of atmospheric processes with different dimen
sions. There are several categories of atmospheric periodicities different not only in dimen
sion, but also in nature and causes of formation. That is the storeyed structure of atmospheric 
processes. For singling out the basical aspects of climatic processes in a given dimension, 
scale correspondence is an important working principle. Among the processes in different 
storeys there also exist close relationships. Generally speaking, the macro-phase is the back
ground of micro-processes. A certain mutation of individual micro-process in its turn may 
imply some information about the transition of macro-phases. So the structural analysis of 
atmospheric processes gives the idea of their predictability in any time scale. That is the 
conditional quasi-predictability which would be beneficial to make the methodology of climate 
prediction more rationalized. 

Periodicity is a question of fundamental im
portance in climate and its predictions. But, no 
prominent period had ever been found in atmos
phere and recognized unanimously by scientific 
circle, besides the diurnal and annual variations. 
This does not mean nonexistence of periodicity 
in the atmosphere. As well as in other natural 
and social phenomena, the periodicity does exist 
in general. Owing to the great complexity in scale 
and in nature, atmospheric periodicity is a kind 
of conditional quasi-periodicity. Without con
sidering the conditions and approximation, 
nothing effective could be done in period studies, 
as it had been shown by the previous works in 
this field. The concept of conditional quasi
periodicity widens the perspective of climatic 
prediction research. In connection with this, the 
predictability of climate would be conditional 
quasi-predictability in character. Some discus
sions in these aspects are given as follows. 

1. The spectrum of atmospheric processes 

The atmospheric processes are usually pre
sented through the phases of spatial waves (for 
example: high and low pressure systems, troughs 
and ridges, etc.) or of temporal periods (for 
example: rain processes, natural synoptic periods, 

natural synoptic seasons, wet and dry stages of 
many years, etc.) as units, just like molecules 
cellules are the units of a living organism. When 
a wave passes over a station, there naturally will 
be a fluctuation on the temporal curves of 
relevent meteorological elements observed there. 
Between the spatial waves and temporal periods 
the relationship is nearly lineal in the extent of 
synoptic scale. Although weather forecasting 
takes the spatial phases as its main object of 
analysis, but naturally the temporal periods con
sidered implicitly. For example, a cooling or a 
rain process not only is the result of pressure 
wave activities on synaptical maps, but also are 
very prominant on temporal curves of tempera
ture, rainfall, etc. On time coordinate weather 
prediction and climate prediction are similar. 
But the climate prediction takes the temporal 
phases (or stages), not the spatial phases, as its 
main object. To make this idea more clear, the 
discussion starts from Fig. 1, on which the 
spectrum of atmospheric processes is shown. The 
coordinate is given in years and kilometers (both 
in logarithm). 

The synoptical scale is defined by the resolu
tion limitation of the instantaneous synoptic 
charts. The smallest in extent synoptic chart is 
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