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Cover Picture

The Cover Picture is an example ofthe global patterns that can be observed by satellite. It
shows the integral of the photosynthetically active radiation absorbed by the terrestrial vegetation for a 12-month period, 1982. It represents net primary production (or an index highly
correlated with net primary production). Areas of desert'and tundra which have integrated
values and hence productivity values close to zero are represented by the yellow-tan colours (i.e.
the Sahara, Arabia, portions of Southwest Asia, Namibia, coastal South America, Arctic areas
and Antarctica). The orange-tan colours represent areas with low amounts of primary production such as semi-arid grasslands and steppes (i.e. Sahel zone, Patagonia, the interior of Australia, etc. and the more northern areas of the borcal zone and southern areas of the tundra). The
white-cream and green colours represent areas of moderate productivity such as the southern
areas of the boreal zone, savanna and grassland areas of Africa, North America and Asia and
some forested areas. The red colours correspond to the temperate forests of North America,
Europe and Asia as well as some equatorial forests and moist savanna areas in Afi·ica, Asia and
South America and are areas of moderate to high primary productivity. The purple colours
represent areas of high primary production (such as much of South America, Central America,
the West coast of the USA, equatorial Africa and Southeast Asia). From the patterns in the
cover picture one can clearly see the general pattern of the earth's vegetation and the location of
the forests.
Through the use of remote sensing techniques a potential for global environmental monitoring of the productivity of the vegetation now exists. These methodologies also have the
potential to increase our understanding of the interactions between the biospheric productivity
and the atmospheric systems. For example, latitudinal patterns of primary production inferred
from AVHRR data seem to be inversely correlated with annual latitudinal fluctuations in
atmospheric CO, concentrations. The exact methods or techniques needed to extract quantitative information crucial to many global environmental questions will likely require additional development, but the continued availability of the AVHRR data will allow future
comparisons to be made from actual data. (Cover picture courtesy of J. Tucker, NASA/Goddard Space Flight Center).
This report has been produced without full editorial revision by the WMO Secretariat; it is not
an official WMO publication and its distribution in this form does not imply endorsement by
the Organization of the ideas expressed.
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FOREWORD
The Climate System Monitoring (CSM) Project of the World Climate Data Programme
(WCDP) was initiated in 1984 following a recommendation ofthe 9th Congress ofthe World
Meteorological Organization (WMO) in response to the occurrence of significant climate
system anomalies over the last several years with associated adverse economic impact estimated at 10-20 billion US dollars (world wide).
CSM is designed to provide Meteorological Services and other national and international
organizations with synthesized information on the state ofthe climate system, and diagnostic
insights into significant large-scale anomalies of regional and global consequence. A CSMMonthly Bulletin has been issued since July 1984. This report represents the first review, under
the WCDP-CSM project, of climatic events during the period 1982-1984. The review describes
a scientific basis for the monitoring of the climate system based on present knowledge. While
there exists a global observing system for meteorological variables, the network has data-sparse
areas. Thus the diagnostic analyses of cause-effect relationships are of a preliminary nature for
some regions and climatic events. Further research and observational data are required to
improve understanding ofthe complex interactive processes ofthe climate system. The project
is eo-sponsored by the Global Environment Monitoring System (GEMS) Programme of the
United Nations Environment Programme (UNEP).
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1. INTRODUCTION
Over the past few years dramatic climatic events have been reported over much of the
globe. There have been floods in the USA, Latin America (Cuba, Ecuador, Peru, Bolivia),
Polynesia and droughts in N.E. Brazil, much of Africa, and most of Australia and Melanesia.
They have brought considerable loss oflife, much suffering and economic losses estimated at
over 10 billion US dollars. There have also been some benefits-such as mild winters in
Canada, the northern USA and north-central USSR However, in years of extreme climatic
events such as 1972-73 and 1982-83 (both dominated by El-Nifio related circulation changes)
the losses seem to far outweigh the gains.
The atmosphere, held by gravity on the rotating earth, is subjected to markedly differential
heating and responds by moving in a complex although highly organised way. These motions
inter alia effectively redistribute heat so that the tropics are less hot and the polar regions less
cold than would be the case with a static atmosphere. The mainly easterly winds of polar
regions, the depression-laden westerlies of temperate latitudes, the trade winds of the subtropics, the great monsoons, are all features of the broad global behaviour of the atmosphere
known as its general circulation. This determines the average conditions which prevail over the
globe, whilst the considerable variability to which the general circulation is subject leads to
climatic anomalies (differences from the average). Such anomalies, which can be dramatic and
may have catastrophic consequences for mankind in the affected regions, are a principal
c'oncern in the present review. Striking examples arise in the drought-prone areas of the world
which lie beneath the sub-tropical high pressure belt encircling the globe; here the seasonal rains
are unreliable and may stay below average for runs of several years (as in the Sahel).
The purpose of this review is to provide a scientific summary of significant climate events
over the past few years with special emphasis given to events over the period 1982 to 1984.
Events associated with the 1982/83 El-Nifio Southern Oscillation (ENSO) and the long term
African drought are emphasized. Here, the significance of climate anomalies is defined by
departures of various components of the climate system from their "normal" values and not
necessarily by their impacts. Thus short period events, defined here as those with temporal
scales of less than one season, which may have socio-economic impacts are not specifically
addressed. This report is a synthesis of published material and readily available data. Source
material is not referenced in the text but a bibliography is provided. The seasons are referred to
by name or by their monthly abbreviations such as DJF for December-January-February.

2. SYNOPSIS OF SIGNIFICANT CLIMATE SYSTEM
ANOMALIES
The climatic effect of fluctuations in the global atmospheric circulation are perhaps best
highlighted by analyzing deviations from normal in surface temperature and precipitation.
During the period 1982-1984 the global climate system exhibited possibly a wider range of
extremes than for any other similar period this century. Figures 1 and 2 attempt to summarize
the most significant seasonal temperature and precipitation anomalies during this period. In
preparing these diagrams it has been necessary to be selective in the choice of events or episodes,
and there are many instances of flood and gales for example which although not highlighted here
could be related directly or indirectly to the broader scale atmospheric circulation changes.
5

Figure I: Selected extreme temperature events that persisted for a season or longer in the 1982-84 period.

Figure 2: Selected extreme continental precipitation (wet and dry areas) that persisted for more than a season in the
1982-84 period.
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In Fig. 1, the most striking feature is the belt of very warm sea surface temperatures (SST)
across the equatorial Pacific - a normal characteristic of the El-Niii.o/ Southern Oscillation
(ENSO) phenomenon which recurs once in every 2 to 7 years. The 1982-83 ENSO event was the
strongest in the century with unprecedented warm equatorial Pacific ocean temperatures. In the
Northern Hemisphere, the warm continental areas were associated with the unusual southward
displacement of the westerly winds. In southern Canada and northern USA there was practically no winter in 1982-83, and the summer of 1983 was exceptionally warm, as it was also in
west-central Europe. Above "normal" temperature also prevailed in north-central Eurasia for
much of 1982-83.
The global distribution of rainfall was disturbed during the period as indicated in Fig. 2
(wet areas are shaded blue and dry areas shaded red). Torrential rains in Ecuador and northwest
Peru in late 1982 and early 1983 were directly related to the warm El-Niii.o waters. Heavy
rainfall was also recorded in Columbia, Paraguay and the Argentina-Brazil border area. Many
other unusual flooding events occurred during the 1982-83 ENSO year, some associated with
changes in the frequency and tracks of hurricanes and typhoons.
The long-lasting droughts in the African Sahel persisted with little or no relief and extended
eastward to the Red Sea. Unusual dry periods and drought conditions were also experienced in
equatorial East Africa, southern Africa and much of Australia. The drought over Southeast
Asia-Australia has been linked to the 1982-83 ENSO event and consequent displacement of the
tropical Walker Circulation. ENSO may also have played a role in the droughts experienced in
tropical eastern and southern Africa, as well as the below normal precipitation during the 1982
Asian summer monsoon.

3. THE TROPICS
3.1 The El-Nifio and the Southern Oscillation (ENSO)
During 1982-83 the climate system was characterised by a phenomenon of global extent
and historic magnitude-the great 1982-83 El-Niii.o/ Southern Oscillation (ENSO) event. The
term "El-Niii.o" -in English, "The Christ Child" -was used by Peruvian fishermen in the 19th
century to describe the warm water that appeared in the coastal regions in late December. In
some years this warming was much more extreme than normal and temporarily displaced the
nutrient-rich upwelling waters. Such an event in 1972-73 was a disaster for the Peruvian
anchovy fishery and received wide publicity.
In early studies, the El-Niii.o was viewed as primarily an oceanic event of only local
importance occurring off the west coast of South America. The linking of this oceanic phenomenon to the global atmospheric phenomenon known as the Southern Oscillation has been
one of the major steps in our understanding of the global climate system.
The Southern Oscillation (SO) is generally associated with the work and publications of
Walker on the Indian monsoon in the early 1920s. Walker characterised the SO as follows:
"When pressure is high in the Pacific Ocean it tends to be low in the Indian Ocean from Africa to
Australia ; these conditions are associated with low temperatures in both these areas and rainfall
varies in the opposite direction to pressure". The alternation in the sign ofthe pressure anomaly
across the tropical oceans has often been described as a pressure "see saw". The anomaly ofthe
pressure difference between Tahiti, French Polynesia and Darwin, Australia has been used as an
index ofthe SO. The correlation pattern of mean sea level (MSL) pressure referenced to Darwin
is depicted in Fig. 3 which points to tropical teleconnection: namely, when the surface pressure
is anomalously low over the equatorial central and eastern Pacific (usually associated with
above normal rainfall), the pressure is high over a large area of Australia, South and Southeast
Asia (associated with below normal rainfall). The correlation between MSL pressures at Darwin
and equatorial Africa is also fairly high (0.4) indicating a possible link between SO and African
rainfall.

7

Figure 3: The correlation ( X 10) of the annual mean sea-level pressures with those for Darwin, Australia (after
K. Trenberth). Note the high negative correlations over Tahiti-showing the basis for the choice of the TahitiDarwin pressure difference as a Southern Oscillation Index (SOI).

ENSO indices
Every few years when the SO index is below normal, the sea surface temperature (SST) off
the coast of South America (e.g. at Puerto Chicama, Peru) is substantially above normal and
accompanied by above normal SST's over the equatorial central and eastern Pacific, Fig. 4
(top). Below normal SOl (shaded blue) and simultaneously above normal SST (El-Nifio; shaded
red), indicative of a global scale climate variation , define the El-Nifio/ Southern Oscillation
(ENSO) phenomenon. For monitoring the El-Nifio and equatorial Pacific sea surface temperature, areally averaged SST is becoming more frequentl y used as in Fig. 4, left. The exceptional
strength of the 1982-83 ENSO is clearly apparent from Fig. 4.

Pacific ocean-atmosphere coupling and global cli1nate fluctuations
An understanding of the linkage between atmospheric and oceanic events came after the
strong 1957 El-Nifio and the intensive data gathering of the International Geophysical Year
(IGY). Through studies of the 1957 and later El-Nifio years Bjerknes developed the concept of
the Walker Circulation (Large-scale zonal, west-east, overturning in the equatorial plane). As
depicted in Fig. 5 the average global tropical circulation is characterised by three major convective areas of rising motion, clouds and rain over Southeast Asia and the Western Pacific
(also the area of the warmest ocean waters), tropical South America (Amazonia) and Africa (the
Congo region), Air rises to the upper troposphere (approximately 12 km) and sinks in the
descending branches of the planetary-scale East-West overturning cells over the Atlantic and
central and eastern Pacific which are usuall y dry (ocean deserts). Large-scale tropical convection acts as a major driving force of the atmospheric circulation through the release of latent
heat in the mid-troposphere (diabatic heat sources).
8
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Figure 4 : TOP : Curves for an index of El-Nii'io
(standardized Puerto Chicama, Peru, sea-surface
temperature anomalies ; solid curve) and the
Southern Oscillation (Tahiti, French Polynesia
minus Darwin, Australia, surface pressure-difference anomaly; dashed curve). Values have been
"standardized" by dividing the monthly anomaly
values by their long-term standard deviation. Nine
major EI-Niii.o/Southern Oscillation (ENSO) episodes (above normal SST -shaded red & below
normal SOl-shaded blue) have occurred since 1935,
with 1982-83 by far the most intense. (From E. Rasmusson, 1984). LEFT : Equatorial Pacific sea surface
temperature anomaly indices ('C) for.the areas indicated at the bottom of the figure. Niii.o I + 2 is the
average over the Niii.o I and Niii.o 2 areas. The
dashed curves represent the average SST anomaly
composited from several earlier EI-Niii.o events.
(From CAC/ WMC-Washington).
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Climatological studies have shown that the easterly trade winds in the equatorial Pacific
drive the ocean circulation and thus create a thicker and warmer mixed layer in the central and
western Pacific in contrast to the thinner, colder mixed layer associated with the upwelling in
the eastern Pacific coastal region as depicted in Fig. 6. The top diagram shows that under
" normal " easterly trade wind conditions over the Pacific, sea level is about 40 cm higher in the
western Pacific than the eastern Pacific coast line. Sea level rises in the western Pacific when the
tradewinds are above normal , and falls when the tradewinds slacken. The ocean responds to
these fluctuations in wind stress as shown in the middle and bottom diagrams of Fig. 6. This
atmosphere-ocean coupled system does not stay in balance but goes through aperiodic oscil9

Figure 5: Schematic of the mean Walker circulation along the equator, resulting in rising air and heavy rains over
Indonesia and the western Pacific, Africa and the Amazon area in Latin America. Its strongest branch over the
Pacific is related to the sea surface temperature, which is warm where air is rising and cool where air is sinking. The
departure of the sea surface temperature from its equatorial zonal mean is depicted in the lower part of the diagram.
(From K. Wyrtki , 1982).
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Figure 6: The response of the thermal structure of
the equatorial Pacific to changing winds. TOP:
under normal easterly trade wind conditions sea
level rises to the west and the thermocline deepens.
CENTRE: this situation is amplified during strong
trade winds. BOTTOM: when the winds relax, water
sloshes east, which leads to a rise in sea level and a
deepening of the thermocline along South America.
In the western Pacific, sea level drops and the thermocline rises. (Adapted from K. Wyrtki, 1982).
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lations of roughly 2 to 7 years which are clearly shown by a variety of indices: SO index, surface
wind stress, sea level and SST indices as in Fig. 7 left-also evident in Fig. 4. Interactions
between the ocean and atmosphere are believed to lie at the heart of the ENSO phenomenon.
This is supported by evidence (Fig. 7 right) that SST and atmospheric changes generally evolve
simultaneously or occur in sequences of events which follow each other rather rapidly.

EQUATOR

Figure 7: LEFT: Time series of the wind stress (central equatorial Pacific), sea level difference (Truk Island - Talara,
Peru), the Southern Oscillation Index, and sea surface temperature (central Pacific) from 1949 through 1978. Heavy
curves are 12-month running means and the thin curves 5-month running means for wind stress and monthly mean
sea level difference. (From K. Wyrtki, 1982). RIGHT: Longitude-time diagram showing (at the equator): (1) eastward propagation and eastern limit of the Pacific region with SST ;;?> 28" C (compare with climatological curve,
denoted by open circles); (2) centre of negative IR anomaly (note growth of central value from - 30 to
- 90 wm- 2); (3) centre of easterly wind anomaly at 200mb; and (4) centre ofwesterly wind anomaly at 850mb.
NOTE: coherent behaviour indicated by the near simultaneous eastward progression of the observed variables in
1982-83. (From Quiroz, 1983).

In the typical ENSO phase with a falling SO index, pressure rises over the Indonesian
region. The pressure gradient along the equator decreases, and in the case of unusually strong
events such as that of 1982-83, actually reverses. This is accompanied by a relaxation in the
Pacific trade winds. The easterly winds in the western equatorial Pacific diminish, then change
direction, blowing from west to east. This dramatic change in the drag on the ocean surface,
which normally persists for a period of several months, sets in motion a complex dynamical
response in the ocean resulting in major changes in the equatorial current system and a change
in sea level. Oceanographers suggest that a rather fast Kelvin wave moves eastward in the ocean
to the South American coast and then is reflected as a slow westward moving and laterally
spreading Rossby wave. The combined effect is to create a much thicker mixed layer and warm
ocean surface off Ecuador/N. Peru- the El Nifio anomaly. This warm SST anomaly normally
shows up first near the Ecuador/Peru coast and later farther west. ENSO brings heavy intertropical rains to the central and eastern Pacific and tends to leave the rest of the equatorial belt
relatively dry. The phenomenon is associated with a depression of the thermocline in the
eastern Pacific and diminished or ineffective upwelling which cuts off the nutrient food supply
to the fish population.
It is postulated that the oceanic Kelvin wave is a transient response to an abrupt change in

oceanic forcing (surface wind stress). After the ocean adjusts to altered (anomalous) boundary
forcing, atmosphere-ocean feedback processes maintain the coupled system in a new quasistable state. Atmosphere-ocean interaction processes are generally quite complex and involve
wind-induced upwelling and advection, modulation of radiation by cloudiness, and heat
transfer which is related to wind speed and humidity.
11
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Figure 8: Schematic of a simplified model atmosphere's response to a prescribed surface oceanic heat source (warm
sea surface temperature anomaly and depressed thermocline).

Based on numerical model simulation, Philander et aL. have described a possible combination of physical processes whereby unstable interactions can arise in the equatorial Pacific
region . Consider a pool of anomalously warm surface water that heats the atmosphere locally.
The surface winds that converge on the heated region weaken the prevailing westward trade
winds to the west of the pool but intensify them to the east ofthe pool as shown in Fig. 8. In the
region of the weakened winds the sea surface temperatures increase as a result of complex
oceanographic responses. The pool of anomalously warm water therefore expands and has a
larger effect on the atmosphere than before, and in this fashion the oceanic and atmospheric
anomalies grow in amplitude. To the east of the original anomaly two factors determine the sea
surface temperatures. One is the local intensification of the trades, which increases equatorial
upwelling and hence reduces the SST. The other is the weakening of the winds west of the
anomaly, which excites Kelvin waves that increase the SST east of the anomaly.
Another approach that is commonly used to understand atmosphere-ocean interaction
processes is to study the model atmosphere's response to a prescribed SST anomaly (surface
heat source), In this context, Fig. 8 also serves as a schematic for what could be called the
" Bonfire" model. On a hypothetical non-rotating earth, the atmosphere may be expected to
respond to a prescribed SST anomaly (surface heat source) with equal and symmetric near
surface inflow from all directions and rising motion (convection) centred over the heat source. If
this occurs in an ambient easterly flow regime, the easterlies would be intensified to the east, and
weakened to the west as shown in Fig. 8. In the actual atmosphere-ocean system , due to the
rotation of the earth, the atmospheric response to prescribed surface heating is considerably
different and zonally non-symmetric. The response is characterized by : strong, anomalous
westerly wind inflow to the west ofthe convective area (and also west ofthe heat source) ; weak
inflow from the east; and an area of maximum convection located to the west ofthe heat source.
This longitudinal phase relationship is evident in Figs. 9 and 10. Fig. 9 (top) shows the evolution of strong anomalous westerly winds at low levels (850mb). Fig. 9 (bottom) shows the
establishment of the area of strongest anomalous equatorial convection around 160 W to
140 W. Fig. 10 shows the SST anomaly pattern for three selected time periods. At the peak of
the 1982-83 ENSO, around December 1982, the regions of strongest convection and low-level
westerly wind anomalies nearly coincide and are both to the west of the surface heat source
(strong SST anomaly east of 140 W).
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Figure 9: Time-longitude sect ions along the equator in the Pacific, showing the evolution of two parameters during
the ENSO event of 1982-83. TOP: westerly wind anomaly (metres/ sec.) at 850 millibar (about 1500 metres above the
surface). Positive values (solid lines) represent a reduction in the easterly component of the trade winds ; negative
values (dashed lines) indicate above-normal easterly winds. BOTTOM: Outgoing longwave-radiation (OLR) anomaly (watts/ m 2) at the top of the atmosphere measured by polar-orbiting satellites. This parameter is frequently used
as an index of precipitation variations in the tropics. Negative values (dashed lines) indicate above-normal, and
positi ve values below normal , precipitation. (From E. Rasmusson, 1984).
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Figure I 0: Pacific Ocean SST anomalies for June and December, 1982, and March 1983,
computed from ship and buoy surface observations. (From E. Rasmusson, 1983).
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It is conceivable that essentially random events are capable oftriggering the development
of an El-Nifio. On the other hand, the events may not be random but may be closely linked to
the annual cycle. This is because not all positive SST anomalies will heat the atmosphere
sufficiently to trigger an instability. In the equatorial East Pacific and off the South American
coast about September the water is very cold relative to neighbouring regions and the low
troposphere strongly divergent, so a positive SST anomaly is likely to have little effect. In this
region the most favourable time for a warm anomaly to amplify is early in the calendar yea·r
when the Intertropical Convergence Zone (the ITCZ) is close to the region. El-Nifio events
might therefore be viewed as unstable air-sea interactions modulated by the seasonal cycle.

The 1982-83 El- Nino!Southern Oscillation Event
The 1982-83 ENSO event differed from a typical event both in timing and in strength.
Rather than starting to drop early in the year, the SO index began to fall sharply in June 82 and
reached record low values by the end of the year, then rose again to normal values by June 83.
Unlike previous ENSO events, there was also no evidence of what was thought to be a characteristic strengthening of the easterly Pacific trade winds prior to the ENSO onset. A comparison between the 1982-83 ENSO and previous " normal" events is shown in the time series of
area! averaged (Pacific ocean region) SST indices in Fig. 4 (left). Another difference from the
normal sequence of events was the appearance of SST anomaly in the central Pacific first. As
shown in Fig. 10, by December the entire Equatorial Pacific was 1 to Y C warmer than normal,
and sea-surface temperatures reached record values (shaded red) in the equatorial eastern
Pacific (e.g. Puerto Chicama). Fig. 11 (bottom) shows the corresponding changes in the eastwest overturning Walker cells during the 1982-83 ENSO, as compared with the average winter
equatorial circulation (top diagram) with the typical three convective zones of rising motions

WINTER. (DJ"F) MEAN

.

30s---~~~--------~~~~~------~~~-=~~--~r-------------~~

WINTER (DJ"F) 1982- 83

.

30S---~4-~--------~~~4-~------~--~-=--+---~------~~~~~~

Figure 11 : Schematic of the Walker Circulation based on computations of upper and lower tropospheric divergent
winds by Y. Tourre, 1984. TOP: Winter (DJF) mean east-west overturning Walker circulation. BOTTOM: ENSO
Winter 1982-83 pattern. Note the shift of the Pacific ascending branch to the east of the date line and suppressed
convection (subsidence) over the rest of the tropics.
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Figure 12: A time sequence of measurements of Outgoing Longwave Radiation (OLR in Watts/ m 2) at the top of th e
atmosphere by polar orbiting satellites. High values indicate dry conditions(~ 260 Watts/ m 2 shaded red), low values
indicate convective activity ( ~ 220 Watts/ m 2 shaded blue). TOP : Mean OLR for ENSO winter (DJF) 1982-83.
MIDDLE : Mean OLR for non-ENSO winter 1983-84. BOTTOM : Summer 83. Note the marked difference in
equatorial Pacific convection between the ENSO Winter of 1982/ 83 and the winter of 1983/ 84.
(From C. Ropelewski, CAC/ WMC-Washington).
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over the Indonesian, African and South American regions, and subsidence (dry) zones over the
Atlantic and Pacific. Noteworthy is the shift in the convective region from the Australasia
region to the centtaland eastern Pacific with subsidence and dry weather over Africa, the Indian
Ocean, and Australasia. The disruption of the rainfall regime around the equatorial belt was of
historic proportions. The next six months saw disastrous flooding in SW Ecuador and NW
Peru, where many stations recorded well in excess of 2000 mm of rain for the 6 months. Also
associated with this global shift in the tropical circulation was widespread drought in eastern
and southern Africa, Sri Lanka, the Philippines, Indonesia and Australia. In French Polynesia,
where hurricanes are rare, this ENSO was associated with five hurricanes.
Fig. 12 comprises a series of charts of Outgoing Longwave Radiation (OLR) as derived
from NOAA satellite observations. In general the low values represent emissions from deep
convective cloud and rain areas and hence in the tropics represent rather clearly the positions of
the main convergence zones and the monsoon lows. The high value regions result from emissions near the surface and represent relatively dry areas. The interpretation of the data is more
straightforward over ocean than over land areas. The following features are evident:
• By DJF-82/83 the ITCZ appears to be a continuous well defined line around the equatorial zone except for a partial break over NE Brazil, with a strong convective zone in the
Central Pacific east of the date line. This extends eastward so that Ecuador and N Peru
are wet. An extensive dry area extends along about 18' N through Africa and India. South
Australia is in a dry area.
• By JJA-83 the ITCZ is mostly near its seasonal position and the monsoon wet areas have
developed over India and Southeast Asia but southern Australia continues dry. Large
dry areas cover much ofthe sub-tropics. Over Africa the dry zone has moved northward
and is centred near 2Y N.
• By DJF-83/84 the ENSO period is over. There is a well developed wet area over
Indonesia and the wet zone has spread into southern Australia with the redevelopment
of the Southern Pacific Convergence Zone (SPCZ). A similar convergence zone now
extends from south-central Africa to Madagascar. The northern African dry zone has
followed the seasonal shift to the south of 20' N. Throughout the 1982-84 period, the
whole African belt near 20' N from the Atlantic to the Red Sea had OLR emission values
near or greater than 260 Wm - 2 indicating little or no convective activity.
A major factor in these phenomena is clearly the special dynamics of both the atmosphere
and ocean in the equatorial zone where the Coriolis acceleration is near zero. Recent studies
tend to confirm the uniqueness of the equatorial zone both with regard to the effects of SST
anomalies on the zone itself and with subsequent effects on extratropical winter circulation.

Tropical- mid-latitude teleconnection

Studies in the past have suggested that correlation between ENSO and theN orth American
circulation may be significant, but there appears to be less coherence with events in extratropical Europe and Asia. There is convincing evidence that the ENSO-North American teleconnection is asssociated with the shift of the region of heavy rainfall from the western to the
central equatorial Pacific during the "mature" stage of an ENSO episode. Recent results from
dynamic computer models of the atmosphere show that upward motion in the region of
enhanced SST, rainfall (and consequently atmospheric heating), and associated spreading of
divergence of the rising air as it reaches the upper troposphere, produce two large anticyclonic
circulation anomalies at the jet stream level, a clockwise circulation to the north and a counterclockwise circulation to the south of the equator (Fig. 13). Poleward and eastward of the
North Pacific anticyclone circulation anomaly is an apparent wave configuration with a negative anomaly centre over the North Pacific, a positive centre over western Canada and another
negative centre over the southeastern United States. This pattern of anomalies, which is
observed during an ENSO winter is generally referred to as the Pacific-North-American (PNA)
17
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Figure 13: Typical conditions during the December-February "mature" phase of an ENSO episode (from Shukla and
Wallace, 1983). a) Upper-tropospheric geopotential height anomalies (these are analogous to pressure anomalies at
the surface). b) Surface-pressure and wind anomalies. Dark blue shading on this and (a) indicates area of enhanced
precipitation.

teleconnection. The actual January 82-83 200mb stream function anomaly is shown in Fig. 14
(top) which should be compared with the schematic in Fig. 13. Note the pronounced anticyclonic circulations straddling the equatorial Pacific (marked H in the northern hemisphere, and
L in the southern) and the PNA wave structure over the eastern Pacific-North American
region. The corresponding anomaly in tropical convection as measured by Outgoing Longwave
Radiation (OLR) is shown in Fig. 14 (bottom)-shaded negative areas are those with enhanced
convection.
The 1982-83 ENSO will go down in the records as one of the strongest and, in some
respects, one of the more unusual climatic events of the past century. From a human and
economic standpoint, it may also have been one ofthe most costly. The major socio-economic
problems which have been created in many areas ofthe world can only be completely evaluated
after the event has passed into history. During the 1982-83 event, there was a high degree of
international cooperation which resulted in more rapid exchange among countries, institutions
and individuals of meteorological, oceanographic and fisheries information than for any previous ENSO. The analysis of data acquired during the 1982-83 event will significantly advance
our understanding of this disruptive yet fascinating and extremely important phenomenon.
The fundamental importance of this complex fluctuation of the climate system is now widely
recognized. In fact, a 10 year scientific programme was launched in January 1985 to study the
interaction between the tropical oceans and the global atmosphere. Results from this programme, designated TOGA, could lead to a variety of new services: improved seasonal and
interannual forecasts ; tailored climate data products for government and industry and increasingly realistic models of the coupled atmosphere-ocean climate system.
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Figure 14: TOP: 200mb stream function (units I 06 m 2s- 1) anomaly for January 1983 during the peak of the 1982-83
ENSO. High pressure, anticyclonic cells are denoted by "H" in the northern hemisphere and " L" in the southern
hemisphere. BOTTOM: The anomalous convection (and atmospheric diabatic heating) in the central and eastern
equatorial Pacific. Note the twin high pressure cells, i.e., H & L stream function (top figure) straddling this region of
anomalous OLR, and the Pacific-North American H-L-H-L pattern. (From CAC/ WMC-Washington).

3.2 African Drought in a Regional and Global Context
The most recent widespread drought episodes began during 1981 or 1982 in most regions,
about a decade after the previous intense dry episode which in most regions peaked around
1972-73. African drought appears to be characterized by phenomena on two time scales:
• Relatively short "episodes" of serious widespread drought which usually last a year or
two, sometimes a little longer, but rarely more than 4-5 years. This pattern of recurrent
wet and dry episodes is typical of the drought prone semi-arid regions of the world.
• Long dry "periods" spanning a decade or more which may include several very dry
episodes.
In the sub-Sahara zone of Africa, particularly the Sahel, longer period variations are the
dominant feature as apparent in Fig. 16. This has been particularly true since the 1960's which
marked the beginning of a catastrophic turn toward more arid conditions that has continued to
the present. Note also that several extremely dry years (e.g. 1972-73, 1977, 1982-83) coincide
with ENSO occurrences.
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Figure 15: Schematic of African countries affected
by severe food shortages and inadequate food supplies in October 1984. FAO reported that about 250
million people in 22 countries in Africa were
affected by the worst food crisis of this century.
(From E. Rasmusson , 1985, personal communication - based on FAO Food Crops and Shortages,
Special Report No. I 0, 1984).

(So ur ce: FAO)

Certain aspects of the African drought, particularly interannual rainfall variability, are
probably related to and strongly influenced by large-scale atmosphere-ocean fluctuations
occurring around the world. For example, during the 1982-83 ENSO, the dominant tropical
centre of convective activity and rising motion shifted east (over the Pacific) resulting in an
altered configuration of east-west overturning circulation cells (Walker cells) and enhanced
subsidence over Africa (Fig. 11 ). In contrast, the causes of the long-term dry periods particularly
the most recent, drastic downturn in sub-Sahara rainfall are unclear. This phenomenon may be
related to factors very different from those which control the shorter dry episodes. For example,
it is speculated that interaction between the atmosphere and the underlying land surface/ vegetation could be a factor. In semi-arid regions short-term, dry, climatic impulses could lead to the
rapid deterioration of soil and vegetation conditions and the disruption of the hydrological
cycle (including soil moisture re-cycling mechanisms) from which recovery could be markedly
slow.

Climatology of the African Region
Africa spans a belt oflatitudes which includes not only the tropics, but low latitude portions
of both the northern and southern hemisphere temperate zones as well. In Fig. 17, the left
diagram of mean annual rainfall shows that precipitation over the continent varies from near
zero (deep red or maroon) over the vast Sahara Desert in the north and the smaller Somalia
(Horn of Africa) and Namib (Southwest) Deserts, to over 1600 mm in the western equatorial
region (blue). A large portion of the continent consists of semi-arid zones (light green and
rust/ orange) with 200-800 mm of annual rainfall generally concentrated in a single rainy season.
Here agricultural productivity is extremely sensitive to fluctuations in the already marginal
rainfall amounts. Apart from a small region in northwest Africa, this semi-arid region extends
as a crescent shaped area eastward across the relatively narrow sub-Sahara zone to Ethiopia,
then southward and southwestward to around the Kalahari and Namib deserts ofBotswana and
Namibia. Annual rainfall in this semi-arid crescent region exhibits a large variability as measured by the average departures from the long-term annual mean-typically 20-30% as shown in
the smoothed pattern in the right portion of Fig. 17. Although variability is smaller than that of
the desert region , the socio-economic consequences are far more important. The correspondence between the zone of countries affected by food shortages in 1984 (FAO data in Fig. 15)
and the semi-arid crescent of Fig. 17 is striking.
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Figure 16: Normalized precipitation anomalies in the Sahel, West Africa (after Lamb, 1982, 1985, Nicholson 1976,
Stockenius, 1981 ). Large arrows indicate intense El-Nino events, medium arrows indicate moderate El-Nino and
small arrows weak El-Nino. Years with negative Southern Oscillation Index(SOI) are also indicated. (Adapted from
Y. Tourre, 1984).

Average Departure

Mean Annual Rainfall
(m ill imeters)

. . above 1600
. . 800-1600
400-800
200-400
100-200
below 100
(Ni c ho lson. 1981 )

-

10-20 %
20-30 %
> 30%

(Biel. 1929)

Figure 17: LEFT: Climatologica l mean annual rai nfa ll distribution over Africa (based on Nicholson, 1981). RIGHT :
The distribution of the average departure of rainfall in Africa fro m the long-term mean expressed as a percentage
(Based on Biel, 1929). (Fro m E. Rasmusson, 1985, personal communication).

21

Within the Tropics, the rainy season is tied to the high-sun season, and migrates northward
and southward roughly with the sun, but usually with a Jag of a month or two. In eastern and
southern Africa, this migration is associated with the seasonal monsoon extending over the
Indian Ocean and South Asia. More generally, the seasonal changes over the continent are
linked to the seasonal migration of the zone of converging low-level flow from the two hemispheres, namely the ITCZ. The four outer charts of Fig. 18 show the typical surface wind
patterns during January, April , July and November. The characteristic rainfall pattern resulting
from these shifts consists of two equinoctial rainfall maxima in the equatorial zone and a local
summertime wet season to the north and south. Thus rainfall near the equator tends to be
spread over many months while at higher latitudes it tends to be concentrated in the summer
season. For example, as one progresses northwat:d in the sub-Sahara zone, the rainy season
shortens from 3-4 months to little more than a month on the fringes of the desert. With the
shorter rainy season comes less mean annual rainfall and greater year to year variability.
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Figure 18: Schematic of the mean annual cycle of rainfall and surface wind systems over Africa (From E. Rasmusson ,
personal communication, 1985 ; outer figures adapted from Dhonneur, 1974).

22

+SO S.E. AFRICA PRECIP!T1\TION INDEX

- NOVCOH\AR(ll

-1-40

DRY

I

EL- NI NO

Y eARS

Figure 19: Time series of southeastern Africa rainfall index expressed as a percentage departure of the rainy season
rainfall from the long-term mean (1875-1978). Solid shaded bars are El-Niiio years - note that most of them
coincide with deficient rainfall years. Index based on data from 16 stations in southeast Africa. (From CAC/ WMCWashington).

I nterannual rainfall variability
The typical pattern of variability of much of the tropics and large portions of Africa is
illustrated in Fig. 19- time series of an index of year to year departures from the normal rainfall
amount over the rainy season, during the period 1875-1978, averaged for 16 stations in
southeast Africa. Significant features of the time series are:
• Much of the variability is of a year to year nature. On occasion there are large back to
back departures of the same sign, and occasionally notable wet or dry periods extended
over a few years;
• There is no identifiable anomaly pattern on longer time scales in contrast to the subSahara Sahel region (Fig. 16) ;
• At least some of the year to year variability is linked to large scale fluctuations in the
atmosphere and ocean as indicated by variations in sea surface temperature (SST)black bars indicate years of major warming of the central equatorial Pacific Ocean
surface temperatures (ENSO); they mostly coincide with significantly dry episodes
associated with massive displacement of normal rainfall regimes in the tropical belt.
Of the 28 ENSO events during the past 110 years (27 during the period shown in Fig. 19 and
the most recent 1982-83 episode) 22 were accompanied by below normal rainfall as measured
by the precipitation index. Ofthe 20 driest years during the period shown, 12 were ENSO years,
where only 5 would be expected by chance. Thus while the ENSO phenomenon is strongly
linked to rainfall variability, other factors also influence rainfall over Africa.
In the sub-Sahara region, Nicholson has shown that year to year rainfall fluctuations are
associated with continental scale anomaly patterns, two of which are shown in Fig. 20-red
areas indicate regions of above normal, and blue regions below normal, rainfall. The pattern
shows a coherent band of one sign across the continent, with anomalies of opposite sign to the
north and south. The type I pattern is associated with above normal rainfall in the sub-Sahara
( 12-18. N) and below normal rainfall in the equatorial belt ( 1ON -1 OS) to the south. Type II is the
reverse of this pattern.
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Figure 20 : Schematic of rainfall
anomaly pattern (after Nicholson ,
1980) TOP : T ype I ano maly pattern
when the rainfall in the sub-Sahara
(12-18. N) ts above normal ;
BOTTOM: T ype II anomaly pattern which corresponds to below
normal sub-Sahara rainfall. (Figures adapted by E. Rasmusson
CAC/ WMC-Washington).

20N

10N

TYPE 2

It has been demonstrated recently that sea surface temperature (SST) fluctuations in the
low-latitude Atlantic Ocean are "linked " to these two anomaly patterns. It is not yet clear to
what extent the SST anomalies are a cause-effect factor as opposed to simply a response to
large-scale circulation changes which produce both SST and rainfall anomalies. It is emphasized that the pattern of African rainfall anomalies, which itself is continental in scale, is related
to even larger scale patterns of ocean-atmosphere anomalies.
The upper diagrams in Fig. 21 shows the pattern of SST anomalies recently documented
by Lough (1985) which corresponds to Nicholson's Type II anomaly pattern (below normal
sub-Sahara rainfall). The SST anomaly pattern is characterized by above normal SST in the
southeast Atlantic, and slightly colder than normal SST over the Caribbean. It should be noted
that this pattern is also related to rainfall fluctuations over northeast Brazil (Hastenrath, 1984)
and furthermore does not appear to be entirely independent of SST fluctuations in the equatorial Pacific (ENSO). The time series in the middle diagram ofFig. 21 shows the strength of this
anomaly pattern (amplitude of the 2nd Principle Component, PC-2) between 1948-1972. When
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Figure 21: TOP: July-August-September (JAS) SST anomaly pattern corresponding to positive
principle component-2 (PC2) amplitude. This pattern correlates with Nicholson Type II anomaly
pattern (below normal sub-Sahara rainfall) ; MIDDLE: Amplitude (PC2) time series of Atlantic
SST anomaly, after Lough 1985. Blue shaded areas of negative PC2 amplitude correspond to
Nicholson's Type I rainfall anomaly (above normal sub-Saharan rainfall). BOTTOM: -Atlantic
SST anomaly pattern during Summer 1984 - a year of intense drought. (Figures adapted by E.
Rassmuson CAC/ WMC-Washington).

the curve (middle figure) is above the zero line (shaded red) the pattern is as shown in the top
figure ; the greater the value, the stronger the pattern. When the curve is below zero (shaded
blue), the SST anomaly pattern is reversed, with cold water in the southeast Atlantic.
Nicholson's T ype I anomaly pattern (above normal su.b -Saharan rainfall) is positively correlated with periods of below normal South Atlantic SST (corresponding to periods shaded blue
in the time series). The time series shows no significant decade scale trend ; the pattern is
primarily one of short-term variability. The bottom diagram of Fig. 21 shows the Atlantic SST
anomal y pattern during the intense drought of summer 1984. The positive anomalies in the
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South Atlantic are among the largest in the century and first developed along the Angolan coast
early in 1984 and gradually spread across the entire South Atlantic. The appearance of these
anomalies before the sub-Saharan rainy season suggests further studies of possible predictive
relationships. South Atlantic SST's have been above normal throughout most ofthe recent dry
episode.

AFRICAN
EASTERLY
J"ET

....

---.
Figure 22: Composite of96 squall line (SL) trajectories and jet axes in Summer 1974. Note the concentration of squall
line tracks between the lower tropospheric (700mb-500mb) African Easterly Jet (AEJ: a local feature) and the upper
tropospheric (200 mb-150 m b) Tropical Easterly Jet (TEJ: a planetary scale feature). (From Bounoua, 1980).

Kinematic structures
Sahelian precipitation is not only a function of the latitudinal position of the kinematic
confluence line which migrates seasonally, but also ofthe thickness of the monsoon airmass or
the slope of that line of discontinuity in the vertical. These will determine the critical availability of water vapour, the fuel for deep convection. Squall lines (SL) are responsible for at least
70% of the total precipitation over the Sahel. Fig. 22 is the result of a composite study of 96
squall lines during the summer of 1974 by Bounoua. Striking in Fig. 22 is that the area of squall
line trajectories is clearly flanked by the African Easterly Jet (AEJ: between 700mb and
500mb ; a local feature) to the North, and the Tropical Easterly Jet (TEJ: between 200mb150 mb; a planetary feature) to the South. The latter is a true planetary scale feature since its
origin is South of the Himalaya- Tibetan plateaux region. Any variation in the location and
intensity of the African Easterly Jet and the Tropical Easterly Jet will alter SL formation and
propagation and the associated Sahelian rainfall. During the summers of 1982 and 1983, a
weaker than " normal " TEJ resulted in enhanced upper air convergence and sinking motions
over Africa with consequent reduced rainfall.
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The low to mid-tropospheric African Easterly Jet is mainly a result of meridional air mass
contrast. Barotropic instability, with its necessary condition of a jet structure, allows the
conversion of zonal kinetic energy into the eddy kinetic energy of easterly waves. These waves
influence squall line genesis through convergence in the lower troposphere on the southern
flank of the AEJ. In the upper troposphere (200mb-150mb) and closer to the equator, the mean
divergence pattern (Fig. 23) is such that it favours SL formation north ofthe TEJ. Any variation
in the position and intensity of the two jets should alter SL formation and propagation and the
associated Sahelian rainfall.

Figure 23: Mean upper tropospheric 200mb divergence (units I o- 6/ sec). Note the correspondence with the area of
squall line genesis in Figure 22. (From Y. Tourre, 1979).

During the 1982-83 ENSO event, the tropical circulation was modified with an eastward
displacement of the upper tropospheric (200mb) easterly jet zones and westerly anomalies (viz
reduced easterlies) over the tropical Atlantic. The largest anomaly at 200mb occurred during
the winter of 1982-83. During the summers of 1982 and 1983, the TEJ was not only weaker but
concentrated over a narrow meridional band around 60° E.
One ofthe striking features ofthe rainfall pattern in the sub-Sahara (Fig. 16) since the early
1960's is that each dry episode has been more extreme than the previous one giving the time
series the appearance of a downward trend in rainfall. Although the index is plotted in terms of
departures from the 1900-1982 mean, one might legitimately ask what should be considered the
current mean rainfall over the region. The time series also shows year to year variability which
can be related to Pacific Ocean warming (ENSO) episodes (solid arrows) with a tendency for
rainfall to be lower than neighbouring years. However, the processes associated with these
fluctuations seem to be distinct from those associated with the long term down-trend, as
evidenced by the fact that no comparable trends exist in Pacific SST or Atlantic SST. While
long-term trends seem to exist in some climate parameters, e.g. globally averaged surface
temperature, there are no trends during the past 30 years which appear to be good candidates for
relating to the long-term changes in the sub-Sahara. It remains to be seen if processes involving
feedback between land-surface/ vegetation (and human/ social activity) and the atmosphere/ climate system are responsible.
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ETHIOPIAN RAINFALL DEPARTURES

BELG SEASON (FEB-MA Y 84)

BEGA SEASON (OCT 83-JAN 84)

KIRMET SEASON (JUN-SEP 84)

KIRMET SEASON (1972)

Abv Normal >20%
Normal • • • + 20% to -20%
Below Normal
- 20% to -59%
Much Below
< -60%

Figure 24 : Ethiopian rainfall departures for different seasons: BEGA (harvest, Oct./Jan .) ; BELG (short rain y season,
Feb./May.) ; KIRMET (main rainy season, June/Sep.). (Adapted by E. Rassmusson with information from the
Meteorological Service of Ethiopia, 1984).
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Anatomy of the 1984 Ethiopia drought (a case example)
A point to be noted, particularly in semi-arid zones, is that agricultural impact is influenced
not only by total rainfall amount (annual) but also by the distribution and timing of rain through
the year. For example, in Ethiopia the year is divided into three seasons:
• BEGA (harvest) Oct/Jan
• BELG (short rainy season) Feb/May
• KIRMET (main rainy season) Jun/Sep
In Fig. 24, green indicates near normal rainfall (small dark green areas are above normal),
rust below and red much below normal. Crops grown during the two previous rainy seasons are
harvested during the BEGA season. While BEGA rains are untimely from the standpoint of
interfering with the harvest, lack of rain then leaves the country extremely vulnerable if the
subsequent rainy season is below normal. This was the situation during the BEGA season of
83/84 which was unusually dry and hot, leading to large animal mortality and depleted supplies
of surface and ground water before the short BELG rainy season. The situation reached critical
proportions when the 1984 BELG rains began extremely late, leading to almost the total failure
of the BELG short season crops and the very late planting of the long season crops. Rainfall
continued to be extremely sub-normal in many areas (particularly in the north) during the main
KIRMET rainy season. The late planted BELG crops did not mature prior to the withdrawal of
the rains in September. Overall, the KIRMET drought was more intense and widespread than
the previous disastrous drought of 1972.
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Figure 25: TOP: Monsoon rainfall over India
expressed in percentage departure, with El-Nifio
events indicated by black shaded pillars. LEFT:
Composite of normalized Darwin pressure anomaly
(3-month running mean) for heavy monsoon rainfall
years (solid), and deficient monsoon rainfall years
(dashed). (From M. Choudhry, the India Meteorological Department).
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3.3 Asian Monsoon
The monsoon is a seasonal wind circulation which affects large areas in South Asia and
brings much of the rains during the summer. Caused primarily by the temperature difference
between the land areas and the oceans, the monsoon also depends for its activity on several
features of the general circulation in which it is embedded. Interaction among all these features
seems to be responsible for significant interannual variability of the monsoon.
A study of over I 00 years of m on soon rains in India shows that a poor m on soon year
appears to be associated with the occurrence of an El-Nifio in the Pacific (Fig. 25 top). Concurrent mean sea level pressure over Darwin (connected with the Southern Oscillation Index)
shows a close relation with the monsoon behaviour (Fig. 25 left).
Antecedent parameters, connected with the above, are used for predicting the monsoon .
The April and May sea level pressures over South America, the January to April mean equatorial pressure and the March to May pressure over Darwin all show significant association with
the subsequent monsoon rains over India. In the troposphere, the position of the subtropical
high at 500mb, parameterized by the latitudinal position ofthe ridge at 75" E longitude, shows a
strong relation to the monsoon behaviour ; a poleward shift of this ridge axis indicates a better
monsoon.

(A)
If

,

ADVANCE OF MONSOON

,r

,

. 1982

1983

'"' '"

c::::J

NORMAL

(± 2 DAYS

OF NORMAL)

(B) SEASONAL MON SOON

c:::J

EARLY

c::::::J

LATE

(JUNE- SEPT} RAINFALL

....

c:::J

NORMAL

(± 19 %

OF NORMAL)

c:::J

EXCESS

c::J

··,

t

DEFICIT

Figure 26: Composite showing the progress of the monsoon and total seasonal rainfall distribution over India in
1982, 1983 and 1984. (From M. Choudhry, India Meteorological Department).
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During the 1982-83 E1-Nifio the monsoon activity was adversely affected over several
areas. As noted earlier, drought conditions also prevailed over southern and eastern Africa,
North Australia, New Guinea, Indonesia and Northeast Brazil. In India in 1982, a starting year
for the El-Nifio, the monsoon was not good. Fig. 26 shows the progress of the monsoon and total
seasonal rainfall distribution over India in 1982, 1983 and 1984. In 1982 the monsoon set in late
and withdrew early, reducing the rainy season. Ofthe 35 sub-divisions 11 received deficient
(less than 81% of normal) rainfall. 1983 on the other hand was a very good monsoon year
although the monsoon set in late over the entire country. In 1984 the monsoon was on time and
advanced even earlier than normal over some parts. But there was a period ofless activity for
some time resulting in a few areas being rainfall deficient. However, after resumption of
monsoon activity, the deficiency was generally made up and the season ended with a near
normal rainfall.

4. THE EXTRATROPICS
4.1 Northern Hemisphere
The climate and circulation of the Northern Hemisphere is profoundly influenced and
dominated by the two large continental land masses of North America and Eurasia. The
continents tend to serve as primary sources and reservoirs of dense cold air during the low sun
angle winter months. In general, high pressure tends to build over the continents during the
winter months with relatively low pressure over the oceans; a converse pattern tends to occur
during summer. During the winter, strong north-south temperature gradients accompanied by
strong tropospheric westerlies are modulated by continental and mountain influences so that a
potentially simple zonal flow gives way to a rather complicated system ofhigh amplitude ridges
and troughs. The land-ocean contrasts also give rise to regions ofbaroclinic instability and the
potential for explosive cyclogenesis on the eastern boundaries of the continents.
In the Northern Hemisphere summer the north-south temperature gradients and strong
westerlies diminish in intensity and the surface pressure pattern tends to change to one of
relatively high pressure over the oceans and relatively low pressure over the land masses. Large
organized weather systems are less frequent than in winter at mid-latitudes. The dominant
circulation event in the summer season is the establishment and evolution at upper atmospheric levels (250 mb and higher) of the high pressure system and corresponding strong easterly
jet over much ofthe low latitude subtropics. This feature is strongly connected with the progress
of the Asian and Indian monsoons and with the definition of the background circulation
appropriate to the propagation of Rossby waves.
Winter (Dec 1982, Jan-Feb 1983)

A series 9f extraordinary climatic anomalies occurred during the winter, some of which
were evidently linked with the developments in the tropical Pacific, i.e., the ENSO event. In the
northern hemisphere extratropics, it was possible to relate the buildup of the upper tropospheric jet flow in the central and east Pacific (up to 40 m/s greater than the normal at 200mb,
near 32N/155W) to a large-scale anomaly of the tropical circulation which progressed eastward
from the West Pacific during the last half of 19 82. Stronger than normal westerly flow extended
eastward from the eastern North Pacific across southern North America and Gulf of Mexico, in
a zone several degrees south of its normal position.
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Figure 27 : 700mb geopotential height (solid) and departure from normal (dashed)
for the ENSO Winter (DJF) 1982 -83. (From CAC, WMC-Washington).
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Figure 28: 700mb geopotential height (solid) and departure from normal (dashed)
for Summer 1983. (From CAC, WMC- Washington).
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Other notable anomalies included: a) the greatest negative 700mb seasonal height anomaly (Fig. 27) in the record since 1948 in the North Pacific near 45N/ 155W; b) the lowest
monthly mean February surface pressure on record since 1899 in the North Pacific near
45N/ !SOW ; and c) extraordinarily large positive surface temperature anomalies over central
latitudes of North America (in the region 35-60N) and in Eurasia (in the region from about
45-70N).

Summer (Jun-A ug) 1983

The large ENSO related atmospheric anomalies which were evident during the previous
Northern Hemisphere winter and spring seasons decreased dramatically in both magnitude and
extent during the summer of 1983. Part of these reductions were likely due to the decoupling of
the thermall y forced Rossby waves originating in the tropics in the areas of deep convection as
the background flow became more easterly. The spring (March-May) circulation continued the
winter tendency for a highly perturbed state so that even though both theoretical and observational studies have indicated that thermal perturbations in the tropics are not likely to
influence higher latitudes during the summer season, there is almost no doubt that the 1982-83
ENSO provided the initial conditions for the Northern Hemisphere summer climate.
The hemispheric circulation (Fig. 28) was characterized by a highly va riable pattern in
June to steadier, more stable, patterns in July and August. These changes in the character of the
circulation pattern were reflected in a transition from a relatively cool, wet June to record
breaking heat and extreme dryness over much ofNorth America during July and August. These
changes were also felt over much of western Europe which experienced its warmest Jul y in over
50 years at several locations.
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Figure 29: 700mb geopotential height (solid) and departure from normal (dashed)
for Winter 1983-84. (From CAC, WMC-Washington).
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Winter (Dec 1983, Jan-Feb 1984)

Winter 1983-1984 was memorable for severe cold in the early part of the season over much
ofNorth America, uncommon warmth over a vast area of high-latitude Eurasia and excessive
snow cover in early winter in North America. The atmospheric circulation (Fig. 29) and
resulting climatic conditions varied markedly during the course of the winter season. The
north-central Pacific continued to show negative height anomalies, but not nearly so marked as
during the previous winter. The most prominent feature of the 700 mb atmospheric flow
pattern was the negative-positive height anomaly couplet over the North Atlantic which was
associated with the strongest mid-latitude (50-60N)jet-level winds in over a decade. These and
other features were related to the establishment of strong mid-latitude blocking ridges during
the course of the winter. There were a far greater number of strong blocking ridges during the
course of this winter in contrast to the preceding winter.

4.2 Southern Hemisphere
The large scale atmospheric circulation of the Southern Hemisphere is dramatically different in its characteristics from that of the Northern Hemisphere. Principally this is due to the
lack of any major land masses in the middle latitude regions (40'-60') south ofthe equator. In
the Northern Hemisphere the major continents of Eurasia and North America straddle the
middle latitudes and the topographical and land/sea contrasts lead to large amplitude quasistationary meanderings of the predominant westerly flow in the troposphere. By contrast the
absence of middle latitude southern land masses leads to a tropospheric flow which in the mean
appears to depart little from a pure westerly direction. On any given day, however, the pattern
will feature many small scale weather disturbances travelling rapidly in an eastward direction. It
is the averaging process which renders the mean large scale flow of the Southern Hemisphere so
featureless. Thus any attempt to describe the Southern Hemisphere circulation must pay
particular attention to the intensity and tracks of the transient disturbances in addition to the
intensity and orientation of the mean flow.
While a high degree of transience is characteristic of the Southern Hemisphere tropospheric flow there are several underlying factors which cause the basic flow to depart from a
pure westerly direction at alllongitudes. Principally these are:
• the location of the Antarctic Continent relative to the south geographic pole
• the major low latitude heat sources associated with the so-called maritime continent
-- ex-tending-from-northem--Australia-into.Southeast Asia,_and_the_African and South _
American continents.
The first of these low latitude energy sources is the most climatologically significant, since
it is the major driving force for theN orth Australian and the Southeast Asian monsoon systems,
and the Indian/Padfic cells of the Walker Circulation. Another major effect of these low
latitude heat sources on the Southern Hemisphere circulation is to produce several regions in
higher latitudes which are prone to a greater incidence ofblocking action. Blocking action is a
feature of the large scale atmospheric circulation which causes normally eastward moving
weather disturbances to be deflected for a time to the north or to the south away from the central
blocked region. Typically a blocking pattern has a low pressure cyclonic region equatorward of a
high pressure anticyclonic region, the latter being displaced poleward of the normal track ofthe
34

sub-tropical high pressure anticyclones. Any region under the influence of the blocking anticyclone experiences relatively low rainfall while a region under the influence of the low pressure
centre, cut off from the main belt of westerlies, receives relatively high rainfall.
The major subtropical land masses of the Southern Hemisphere receive a substantial
portion of their winter and spring rainfall from such cut-offlow pressure systems, the tracks of
which run typically along 30-40. S. The dry blocking anticyclonic zones are generally poleward
of the continents although it is not uncommon for a high pressure ridge to extend into the
southern parts of the continents causing persistent dry conditions.
Thus, while the incidence ofblocking may cause short term rainfall deficiencies in southern
continental regions coming under the influence of a ridge from a blocking anticyclone, it is the
absence of the rain bearing cut-offlows often associated with blocking action which seems to be
the major cause of the failure of winter and spring rains and hence drought in the Southern
Hemisphere continents. Any change, therefore, in the low latitude energy sources described
above which causes blocking action or cut-offlow development to be reduced or to be shifted
longitudinally is likely to lead to major changes in the normal winter and spring rainfall
patterns.

Australian Drought

Anomalous blocking occurred during the ENSO event of 1982/83 when the major region of
tropical activity north of Australia was shifted further eastward into the central and eastern
Pacific Ocean due to a change in the underlying sea surface temperature pattern. Blocking
activity was reduced in the Australian region but increased in the central and western Pacific
Ocean during the winter and spring of 1982. Fig. 30, top, shows that the intensity of transient
weather activity was much reduced during this period in subtropical latitudes compared to
subsequent years. Fig. 30, bottom, shows that there was a tendency for high pressure and
anticyclonic activity near southeastern Australia. This abnormality was associated throughout
1982 and into 1983 with the most severe drought ofthis century. The extent ofthe drought in
Australia at its peak at the end ofFebruary 1983 is shown in Fig. 31. Shaded dark brown are
areas where rainfall deficiencies were the lowest on record. The eastward shift in tropical
weather activity during the southern summer of 1982/83 also caused a failure of the monsoon
and consequent drought across Indonesia, New Guinea and northern Australia.
During early March 1983 the first signs that the long Australian drought was to break came
- - - - withrecord-flood-rainsfrom-two-tropieal depressions-whieh-moved aGFoss-northern and-Gentr-alAustralia from the northwest. The appearance of these systems during early 1983 is highly
significant in relation to the timing of events during the 1982/83 ENSO event since the resultant
lower pressures at Darwin for March 1983 signalled the first significant increase for the previous
twelve months in the Southern Oscillation Index. Through the remainder of 1983 conditions
overAustralia imprcrved steadily sucli that by the end of the year only a few small pockets of
drought remained. The summer monsoon of 1983/84 over northern Australia, Indonesia and
New Guinea was generally near normal and this was reflected in the continuing rise of the SOl
towards normal values. During the early winter of 1984 persistent blocking action in the
Tasman Sea region led to dry conditions over southeastern Australia, raising fears of another
prolonged drought. However, as the season progressed, the pattern rapidly adjusted and good
rains prevailed over much of the country.
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Figure 30: TOP : Time-latitude section of Zonal Mean Eddy Kinetic Energy in the
southern hemisphere at 300mb for the period 1982-1984 ; BOTTOM: Southern
Hemisphere Winter JJA 1982 mean 700mb geopotential height and height anomaly.
Positive anomalies(> 4 decameters) shaded red ; negative anomalies ( < -4 shaded
blue). (From M. Coughlan WMC-Melbourne).

36

Figure 31 : Schematic of the extent of rainfall deficiencies in Australia at the end of February 1983. Shaded in dark
brown are areas which had the largest deficiencies on record. (From WMC-Melbourne).

South Am erica
During DJF 1982-83 when the ENSO event reached its peak in the eastern Pacific, the
"normal " three-cell zonal Walker Circulation was changed into a two-cell structure. The largest
positive SST anomalies occurred in the eastern Pacific, and the flow patterns in the lower and
upper troposphere were accordingly modified (Fig. 32). At the 850mb level , a strong easterly
anomaly straddled equatorial South America - lasting until MAM 1984. The greatest convergence occurred along so· W around January 1983, a period of greatest rainfall over Ecuador
and northern Peru.
At the 200mb level, extratropical westerly anomalies prevailed at around 30· S. They were
at a maximum during JJA 1983. Cut-off low activity associated with "persistent blocking
action" led to a marked increase in rainfall over southern Brazil.
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Figure 32: TOP: Vector wind anomalies at 850mb for Winter (DJF) 1982-83. Note the strong equatorial anomal y
over Latin America at this period of heavy rainfall in Ecuador and northern Peru. BOTTOM: Vector wind anomalies
at 200mb for Summer (JJA) 1983. Note the large anomaly associated with rains over southern Brazil. (From
C. Ropelewski, CAC/ WMC-Washington).

5. THE EL-CHICHON VOLCANIC ERUPTION
Spectacular red dawn/ dusk skies seen from the ground and from aircraft were visual confirmation of the scattering effects of the stratospheric aerosol cloud from the El-Chichon
(Mexico) volcanic eruption which occurred at the end of March 1982 (see Fig. 33). Such effects
lasted for most of 1982 in the Northern Hemisphere tropics and were a feature of northern
middle and high latitudes throughout the spring and summer of 1983. The eruption was
expected to have the largest impact on the stratosphere of any volcano in the last seventy years.
The change in aerosol content from the quiescent 1975-79 period to the acti ve period, as
measured by laser techniques, clearly demonstrated that volcanic eruptions are primary
contributors to stratospheric "dust" enhancement.
The El-Chichon eruption put some tens of millions oftonnes of sulphur dioxide (S0 2) into
the stratosphere, where residence times are long (years) ; S0 2 is converted to sulphuric acid in
the atmosphere. In amount of stratospheric material injected, El-Chichon is thought to ha ve
been the largest in this century, but probably well below Tambora in 1815 and Krakatoa in
1883. The colour enhanced satellite picture of Fig. 34 shows the initial stages of the eruption and
spread of the ash cloud.
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Figure 33 : Sunset taken from the GMCC Mauna Loa observatory, Hilo, Hawaii, on 14 May 1981.
Spectacular red skies due to the El-Chichon stratospheric aerosol cloud were also observed all over
the world. (From B. Mendonca GMCC, Boulder).

Figure 34: NOAA-7 , AVHRR Polar Orbiting Satellite colour enhanced snapshot of the El-Chichon volcanic
eruption on 29 March 1982. (From US-National Climate Program Office).
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Figure 35: Normal incident irradiances measured at
Mauna Loa (MLO) for relative air masses 2, 3, 4, 5
(top to bottom), these being selected values of the
cosecant of solar zenith angle. The observations are
made during cloudless sky conditions as the sun
rises with the optical path length changing by one for
each succeeding measurement. The plotted irradiances are annual averages except that data for
1983 include only January to June. (From
NOAA/GMCC, Boulder, Colorado).
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The major effect of such a sulphuric acid cloud arises from the scattering and absorption of
solar radiation- which should result in warming in the stratosphere and cooling at the surface
of the earth. In the solar irradiance record, several decreases in normal incident flux have been
recorded after explosive volcanic eruptions. The decreases in solar irradiance measured at the
Mauna Loa observatory (MLO) in Hawaii have been used as an indirect measure of the
transport, intensity, and duration ofstratospheric volcanic debris over MLO and the equatorial
Pacific. In Fig. 35 it is clear that the decrease observed after the eruption ofEl-Chichon in April
1982 is by far the largest observed in the 26 year record. Even up to 14 months later, the normal
incident flux and apparent transmission are lower than after the 1963 Agung eruption.
By August 1982 the "dust" cloud, in layers from the tropopause to 33 km, covered the globe
between latitudes 10° S and 30° N, and most of the S0 2 had been converted to sulphuric acid
(H2S04).
Initially an optical depth as high as 0. 7 (at 0.5 micron wave length) was reported; by August
82 reported values of the aerosol optical depth were about 0.25 in accordance with the continuing dispersal of the material. Additional optical depths, measured by NASA airborne lidar
in Oct.-Nov. 1982, were about 0.14 between 8°S and 30°N and about 0.07 to the north and
south. By the summer of 1983 the tropical values had decreased significantly, while higher
values were being observed in middle latitudes of the Northern Hemisphere.
Much of the cloud material eventually reaches the surface as acid rain, but will be widely
dispersed and almost impossible to detect amongst other natural and anthropogenic sources.
Because of its radiative characteristics, the aerosol cloud interfered with satellite measurements
of sea-surface_ temperature and with the Dobson spectrophotometer measurements of total
ozone. Also, some depletion ofthe ozone layer due to the injection of chlorine compounds by
this volcanic eruption is expected.
Investigations of past eruptions have reported surface cooling of up to about 0.5' C during
the first few months after an eruption in the same global latitudinal belt and delays of 6 to 12
months in the cooling for latitudinally distant eruptions.
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For the El-Chichon eruption the detection of temperature effects has been greatly complicated by large atmospheric variations, some of which are associated with the 1982-83 ENSO
event. For the first one or two months one would expect nearby effects over Mexico and the
adjacent Pacific Ocean (such as the daytime net cooling and nightime net heating near the
Mount St. Helens eruption), but such effects have not yet been documented. Studies of the
quiescent summer stratosphere indicate a probable stratospheric warming of 1 to 3° C associated with the El-Chichon aerosols. Studies of the solar radiation budgets and temperatures at
ground level have not yet been able to identify a separable El-Chichon effect-this exemplifies
the particular difficulties of establishing volcanic/climate links. There is some speculation that
the timing of the El-Chichon eruptions may have had some bearing on the abnormal onset of
the 1982-83 ENSO in April 1982. However, there is evidence that the ENSO was underway
before the eruption.

6. GLOBAL TEMPERATURE AND C0 2
As a result of burning fossil fuels and changes in land use, man has caused atmospheric
carbon dioxide levels to rise by approximately 25% over the past 100 years or so. The estimated
level in 1850 was about 270 parts per million (ppm), with the present level being about 340 ppm
(Fig. 36). If present trends continue, C0 2 levels are expected to increase to over 500 ppm by the
middle of the twenty-first century. General circulation models suggest that such a change in C0 2
levels will cause global mean temperatures to rise by 2 to 4° C. The regional distribution of
temperature change, however, will not be uniform-for example, in the tropics changes are
expected to be of the order of 1° to 2° C compared to Y to 7° C in the middle and higher latitudes.
Such changes could have a significant impact on the length of the growing season, snow cover
and sea-ice. Recently it has been hypothesized that the accompanying changes in the distribution of global rainfall could be more critical than temperature change. C0 2 induced climatic
effects are still the subject of substantial research and controversy. There are also local and
regional changes in C0 2 due to seasonal changes in vegetation, ocean temperature and circulation variations.
A globally averaged change as large as 2° to 4° C from our present day climate would
probably be greater than any since the last major ice-age some 18 thousand years ago. To
facilitate the detection of C0 2 induced climate change it is necessary to interpret the past record
of fluctuations of global mean temperature.
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Figure 36: Provisional selected monthly mean C0 2
concentrations from continuous measurements at
Barrow (BRW), Mauna Loa (MLO), Samoa (SMO),
and South Pole (SPO). Values are in ppm with respect to dry air (X81 mole fraction scale). (From
NOAA/GMCC-Boulder, Colorado).
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Possible effects from trace gases

Although the likely climatic consequences of increasing C0 2 have been widely publicized
and are the subject of considerable research, it is now thought possible that certain trace gases
could have a cumulative effect on climate comparable to that of C0 2• This may appear surprising bearing in mind that C0 2 is typically three orders of magnitude more abundant in the
atmosphere than are trace gases such as methane, nitrous oxide and the chlorofluorocarbons.
However, it is the extremely strong absorption properties of the trace gases which render them
potentially capable of significant effects. The subject is extremely complicated and much
research will be needed to unravel the bewildering range of interlinked effects.

(a.)

-o·s(c)

Figure 37: Estimates of global
temperature expressed as standardized
departures in 'C from the respective
reference periods: (a) Northern Hemisphere (0-85 N) land areas from surface observations, after }ones et al.
(1982) ; reference period : 1946-1960 ;
(b) ship based night-time air temperature - global ocean areas, after Folland et al. (1984) ; reference period :
1951-1960 ; (c) sea surface temperature - global ocean areas, after Folland et al. (1984) ; reference period :
1951-1960 ; (d) global tropospheric
thickness averaged from 63 radiosonde
stations spaced as evenly as possible
over the globe, after Angell & Korshover ( 1983). The curves show the
data after the application of a 10 yr.
Gaussian filter.
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The past air temperature record

There is broad agreement among the many attempts that have been made to estimate mean
air temperatures over the land masses of the Northern Hemisphere. All series show similar long
term trends: warming from the start of the century to around 1940, cooling to the mid-1960s
and early 1970s, and warming thereafter (Fig. 37 top). Until recently this record has often been
used as being indicative of not only conditions over the whole of the Northern Hemisphere but
of the globe as well. Detailed analysis of the many millions of observations taken from mer-
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chant ships over the past 100 years has now been completed allowing the representativeness of
the Northern Hemisphere land average to be tested. As indicated in Fig. 37 the agreement
between land and ocean estimates is extremely good over the present century, particularly on
the decadal time scale. Trends revealed by ocean estimates of the Southern Hemisphere mean
temperature also resemble the Northern Hemisphere land average.
A third means of estimating hemispheric mean temperatures uses the thickness ofthe
troposphere (typically between 850 and 300mb). Estimates using this technique are only
possible since 1957. Despite the short record length, the agreement between this estimate and
the others for both hemispheres on the decadal time scale is again good.
What do all these analyses tell us? We now have three totally independent measures of
hemispheric mean temperatures. Their agreement, for the Northern Hemisphere at least, gives
us considerable confidence concerning trends in hemispheric mean temperature since 1900.
Since 1900 air temperatures over the Northern Hemisphere have risen by about OS C.
Such an increase is not incompatible with that expected due to the approximately 25% increase
in C0 2 over the same period. However, attributing the temperature increase to the C02 increase
is not possible at this time for a number of reasons. The most difficult problem is our inability to
explain the decadal time scale fluctuations in the past record over the present century. Until
these fluctuations, in particular the cooling episode between 1940 and 1965 over the Northern
Hemisphere, can be adequately explained, claims concerning the detection of C0 2 induced
climatic effects are probably premature.

Figure 38: The globally averaged C0 2 growth rate
from the GMCC C0 2 flask network data. The points
are differences between quarterly global means in
consecutive years, plotted in the forward year.
(From NOAA/GMCC-Boulder, Colorado).
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C02 and the 1982-83 El-Nifio/Southern Oscillation
The globally averaged year to year change in atmospheric C0 2, plotted by quarters in
Fig. 38, clearly shows the effect of the 1982-83 ENSO event on the global atmospheric burden of
C0 2 over the period from mid-1982 to mid-1984. Because the past 5 years have been a period of
nearly constant global emission of approximately 5 gigatonnes (Gt) per year offossil fuel carbon
to the atmosphere, the low growth rate from the third quarter of 1982 to the second quarter of
.1983 impliesthat a large fraction of5 Gt offossil fuel carbon was removed from the atmosphere
for temporary storage in the near-surface oceans and probably in the land biosphere as well.
More than a year after the Southern Oscillation Index (SOl) minimum was reached in January
1983, this store of carbon appears to have returned to the atmosphere. The year-to-year global
average C02 increase peaked in the first quarter of 1984 at 2.2 pp m yr- 1, well above the mean
growth rate of 1.4 ppm yr- 1 for the past decade. Although previous investigators have focused
on this high C0 2 growth phase that lags the SOl minimum, the precursor phase of low C0 2
growth is equally prominent in the 1982-83 event and may offer predictive possibilities.
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7. SNOW AND SEA-ICE
7.1 Snow-cover
Northern Hemispheric snow-cover area has been monitored operationally by satellite
since November 1966. Data for the early part of the record (1966-1972) were not analysed
consistently particularly in Eurasia, but improved analysis procedures have resulted in more
reliable estimates since 1973. In Fig. 39 the time series ofNorth American monthly snow-cover
area since 1973 shows no strong evidence oflong-term trends. The snow-cover area in Eurasia,
however, has tended to be below the 1973-84 base period means for the January 1982 to
September 1984 period with the exception of some ofthe autumn months. The record has been
more variable in North America with snow cover alternating between above and below the base
period mean for the past several winters, more snow-cover usually being associated with colder
winters. Snow-cover area during individual months has shown large variations over the past
year, with December 1983 having more snow in North America than any December in the
satellite record, and August 1984 showing the least snow-cover area of any month in the same
senes.
Both the Indian monsoon precipitation and wintertime Eurasian snow-cover have been
near their respective base period means. This is consistent with the Hahn and Shukla (1976)
result, updated by Dickinson (1984), relating Indian monsoon precipitation to the previous
winter's Eurasian snow-cover.

7.2 Sea-ice
Variations in global sea-ice are dominated by the Antarctic which has very large seasonal
changes and which had been undergoing long period fluctuations. In Fig. 40 it is apparent that
the behaviour of Antarctic sea-ice for the 1982-September 1984 period is atypical in the sense
that this is the longest period of near average sea-ice extent in the 11 year record starting in 1973.
The 1973-1975 period was characterized by more than average sea-ice in the Antarctic and the
1976 to 1981 period by less than average. Trends in global air or ocean temperature departure
indicate no obvious relation to sea-ice anomalies over the period of record at these temporal
scales. Arctic sea-ice area has experienced large month to month variations, but there is little
evidence of systematic longer period trends. As with the Antarctic there appears to be no strong
correlation between annual temperature departure and sea-ice at those temporal scales.
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Figure 39: Satellite estimated time series of snow cover area expressed as a standardized departure from normal
(1973-1983 mean). LEFT : for North America, RIGHT : Eurasia. (From CAC, WMC-Washington).
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Figure 40: Time series of sea-ice anomaly expressed as a standardized departure from normal (1 973-1983 mean).
LEFT: Antarctic ; RIGHT: Arctic. The base period is 1973 to present. (From CAC/ WMC-Washington).

8. THE 1982-83 OZONE ANOMALY
Ozone (0 3) is a strong absorber of solar radiation in the ultraviolet (UV) range of the
spectrum. The possible depletion of stratospheric and tropospheric ozone, through the use of
aerosol sprays and the injection of combustion products from supersonic high altitude jet
aircraft, gave rise to considerable concern in the 1970's. At that time public and scientific
concern was primarily from the standpoint of the health hazards which could be caused by the
atmosphere not filtering out enough ultraviolet radiation.
Possible surface climate effects may be related more to general increases in tropospheric
ozone than to changes in stratospheric ozone. Ozone increase in the troposphere has a more
direct infra-red heating effect (9.6 micron band) and thus would support similar effects due to
other trace gases such as C0 2, NOx and chlorofluoro-methanes.
There is some speculation regarding the possible mechanism through which solar output
changes could affect climate. Recently, measurements made by NASA's Solar Maximum
Mission (SMM) satellite show that: (a) the "solar constant" is not constant but varies by a few
percent which can be significant because long-term variations of this order could alter global
mean surface temperatures by several OC; (b) while changes in total radiation flux are relatively
small, changes in solar UV output are much larger. It is speculated that changes in UV may
affect climate through UV induced differential production of 0 3•
During late 1982 and early 1983 total ozone (0 3) values at the Mauna Loa Observatory
(MLO) were unusually low compared with most previous years. Similar findings were reported
at several other stations in North America, Europe and Japan. Although a small amount of0 3
depletion by stratospheric aerosols injected by the El-Chichon volcanic eruption (late Marchearly April 1982) cannot be ruled out, the major effect appears to be a temporary natural ozone
decrease associated with the quasi-biennial oscillation phenomenon. Fig. 41 is a plot of the
12-month running means oftotal ozone data for MLO since 1958. The 12-month filter removes
the annual cycle from the data and prominently revea:ls the quasi-biennial oscillation. A longer
period variation in 0 3 is also evident in Fig. 41 , with a decrease in 0 3 at MLO since 1970 of
about 3% per decade. It is not known whether this decrease in 0 3 is due to depletion by chlorofluorocarbons or is the result of a long term variation in the strength of the stratospheric
circulation between equatorial and polar regions (associated, for example, with solar intensity
variations).
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Figure 41: 12-month running means of total ozone
at Mauna Loa observatory (MLO). Note the pronounced
Quasi-biennial
Oscillation.
(From
NOAA/GMCC-Boulder Colorado).
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9. ENSO AND SOLID EARTH ROTATION CHANGES
The solid body rotation speed of the earth is not nearly as constant as most people assume.
The planet's spin rate is variable as measured by "length of day" (LOD). The first observations
ofnon-constant LOD were made in the 1930's, when fluctuations ofLOD on a decadal time
scale were detected astronomically from star position data. In recent years variations in Earth
rotation during periods of less than one year have been discovered using atomic clocks and a
number of sophisticated techniques. Among these techniques which supplement the classical
method of star observations are: (a) Very-long-baseline interferometry (VLBI) in which different antennas receive radio emissions from the same source outside the galaxy; and (b) Laserranging, which uses accurate measurements of the round-trip time it takes a laser light pulse to
travel between the earth and a remote reflector; reflectors have been placed on the moon and
also on the Laser Geodynamic Satellite (LAGOES). Information acquired with this combination of techniques has provided for unprecedented accuracy in Earth rotation estimates.
The principles of dynamics dictate that changes in Earth rotation (that is, angular momentum ofthe earth) must result from interaction with an outside agent, and the same applies to
similar changes in the atmosphere. Under the assumption that the entire planet is a closed
dynamical system, the atmosphere and Earth could exchange angular momentum. In such a
system, any acceleration of the atmosphere would occur simultaneously with a deceleration of
the earth, and a change in length-of-day would be proportional to changes in the atmosphere's
angular momentum. Due to the enormous mass difference between the atmosphere and the
earth, large changes in atmospheric angular momentum would correspond to relatively small
changes in LOD (usually of the order of milliseconds per day). The role ofthe oceans cannot be
discounted.
Fig. 42 shows the correspondence between observed changes in LOD and changes estimated from calculations of atmospheric angular momentum. Atmospheric angular momentum
computations are based on global observations of the wind field (from the Global Observing
System) and computer analysistechniques which transform irregular point measurements into
regular 3-dimensional global grids.
Associated with the ENSO sea surface warming and shift in tropical circulation systems,
the strong westerly jet stream winds over the North Pacific and the rest of the globe were
altered-generally the upper tropospheric westerly winds were more zonal in character and
positioned approximately 5° equatorward of their normal latitudinal position (Fig. 43). These
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Figure 42: Changes in the Length Of Day (LOD) as inferred from the angular momentum of the
atmosphere (solid line) and observed changes in LOD (dotted line). Tides have been removed from
the LOD changes. (From Rosen et al., 1984).

Figure 43: TOP : A typical December-February jet-stream pattern. BOTTOM:
the pattern during December 1982-February 1983. Units are given as metres
per second.
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Figure 44: Wind changes during
the ENSO of 1982-83, and their
relation to earth rotation. The
atmospheric angular momentum, M, is computed by the
equation given below the figure.
The angular momentum of a
parcel of air increases if it moves
equatorward (larger r) or ifthere
is an increase in density or speed
(u-component). (From Rosen,
1984).
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and other changes in atmospheric circulation were sufficiently strong to slow the earth down.
Fig. 44 shows a schematic of the relationship of the wind field to Earth rotation.
On longer time scales (decades), there are complex interactions between the molten core of
the earth and the mantle. The extent to which these interactions may involve the momentum of
the atmosphere-ocean system is not known at this time.
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SPCZ
SST
TEJ
TOGA
UNEP
VLBI
WCP
WMC
WMO
~---

---~

-~----~------

52

African Easterly Jet
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Climate Analysis Centre (of World Meteorological Centre, Washington, USA)
El Nifio-Southern Oscillation
Food and Agricultural Organization (of the United Nations)
Global Monitoring for Climate Change (ofthe National Center for Atmospheric
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Intergovernmental Oceanographic Commission
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Mauna Loa Observatory (GMCC, NCAR)
National Aeronautics and Space Administration, USA
National Oceanic and Atmospheric Administration, USA
Outgoing Long-wave Radiation
Pacific-North American (pressure or geopotential height anomalies)
Scientific Committee on Oceanic Research (ICSU)
Solar Maximum Mission
Southern Oscillation (Index)
Southern Pacific Convergence Zone
Sea Surface Temperature
Tropical Easterly Jet
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World Meteorological Organization

LIST OF CONTRIBUTORS
K. H. Bergman
B. Boville
M. Choudhry
G. A. Corhy
M. Coughlan
M. Gwynnc
P. D. Jones
G. P. Kurbatkin
T. D. Potter
E.
C.
R.
Y.

Rasmusson
Ropelewski
Soulage
Tourre

S. Unninayar

World Meteorological Centre. Washington, USA
Atmospheric Environment Service, Downsview, Ontario, Canada
India Meteorological Department. Delhi, India
U. K. Meteorological Office (retired)
World Meteorological Centre. Melbourne. Australia
UNEP. Global Environmental Monitoring System. Nairobi. Kenya
University of East Anglia. Norwich. UK
World Meteorological Centre, Moscow, USSR
WMO. World Climate Programme Department, Geneva,
Switzerland
World Meteorological Centre. Washington, USA
World Meteorological Centre, Washington, USA
International Council of Scientific Unions. Paris, France
Representing IOC/SCOR Committee on Climate Changes and the
Ocean, Paris, France
WMO, World Climate Programme Department. Geneva.
Switzerland

