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ABSTRACT. An attempt to identify the main features of atmospheric circulation accompanying
drought formation was made based on the analysis of data describing droughts occurred in the Northern
Hemisphere in the period from 1970 to 1980. Conditions q'f circulation in the troposphere of the
Northern Hemisphere in 1972 were considered for this purpose. In that year the drought spread over
vast territories of Africa, North India and East Europe. The total annual precipitation in that period
on the territory between Sahara and 15 deg. N was less than half the long-range annual normal precipi-
tation. The deficit of rainfall in Niger, Mali in June, July an'd August amounted to 35-40 per cent of
relevant monthly means. Delay of the beginning of monsoon in June 1972 and its long interruption in
July resulted in drought occurrence in many regions of North! India. In summer mean air temperatures
over the European USSR were 4-6 deg. above normal, |‘

Conditions of atmospheric circulation in 1972, particularly in summer months, were significantly
different from normal. Unusually intensive and blocking situations were observed in the above men-

tioned territories both in summer and in winter during extended periods; mean pressarc was considerably
above normal. :

Tropical troposphere in June 1972 according to “TROPEX-72" data was characterized by consider-
able anomalies, namely, the subtropical jet stream was at 19 latitude of winter climatic planetary
maximum of wind, trade jet streams were shifted by 10 degrees towards the equator, as compared
with their climatic location.

1. Introduction

The main role in a drought occurrence is played
by atmospheric circulation. Under conditions
of an atmospheric drought, the process of active
air warning and relative drying takes place in the
absence of precipitation and the presence of a

great radiation heat flux. The nature of droughts
is the same both in moderate and tropical latitude.
It presnnts the process of continuous anticyclo-
genesis, Drought occurs in the anticyclonic field
which remains for a long time. Anomaly of the
height of the 500 hPa isobaric surface is charac-
teristic |for the above phenomenon.
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2. Methodology and analysis of data

Required and sufficient indications of drought
occurrence are revealed from the presence of
hearths of H,q positive anomaly. It was establish-
ed from the analysis of Ho, that the intensity of
geopotential anomaly hearths of 500 hPa surface
level has its regional peculiarities during dry
periods, namely for moderate latitudes A H, o= 4
dam, fortropical African regions /A H_g = 2 dam,
and for India it is more or equal to—2 dam.

Thus, if Hyeo differs much from the established
criterion, the degree of droughtiness should either
increase or decrease.

As investigations carried out by the Soviet
scientist D.A. Ped have shown, the degree of
droughtiness is expressed best of all by the index Si
denoting the sum of anomal conditions most im-
portant in drought formation.

_ AT _ AR
St = oT o R’

where ATand AR are anomalies of air tempera-
ture and precipitation respectively.

The proposed index Si makes it possible to
classify objectively all cases with respect to the
degree of droughtiness since both drought and
excessive moistening are characterized by specific
fields with different degree of intensity, coverage

of the territory and their duration. It should be
noted that to define such a dangerous phenomenon
as drought is a complicated problem. Numerous
criteria were suggested : only in the USSR their
number is about a hundred. We also know criteria
by Henery Palmerd etc. In our opinion, the para-
meter S7is advantageous since it takes into account
the two main factors typical of a drought-the ano-
maly of air temperature and that of precipitation

Let us consider the circulation aspectsof dro-
ughts in moderate and tropical latitudes. In moder-
ate latitudes, the formation of a tropospheric
ridge to which droughts are related occurs due to
acombination of the initial field of circulation
over the northern hemisphere with the thermal
fields of oceans, mainly, with that of northAtlantic
In this combination, the location of the hearth
of the water temperature negative anomaly
(—Aty)in north Atlantic is significant, and hence
the presence of atrough or a ridge profile of heights
of isobaric surfaces above the ocean and con-
jugately above the continent. It turned out that
a ridge over East Europe occurs in the presence of
(— /\ty, in the east part of north Atlantic, and vice
versa in the presence of — A1, in the west part of
North Atlantic a trough is formed over East
Europe.

It should be noted that investigations of the
impact of the thermal state of the ocean on the
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Figs. 6 & 7
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atmospheric circulation and weather under con-
ditions of the west transfer have a long history.

Some regularities discovered by now may be
considered sufficiently reliable since they suppor-
ted by a number of independent studies. Thus,
several hearths of interaction in which an increased
amount of heat is released by the ocean are singled
out in the Atlantic. It is shown ina number of stu-
dies that positive anomalies of water temperature
(At,>0) are responsible for an increase in the
heat content of the lower half of the troposphere
and formation of a high ridge with the relevant
deformation of the planetary high-altitude frontal
zone (PHFZ). The reverse process takes place in
those ocean regions where Af,,<0.

According to observations of weather ships in
the Atlantic Ocean and ships participating in
“TROPEX-72" the ocean surface temperture over
the region from Newfoundland to the Cape Verde
was by 1-2 deg. below normal in summer 1972.

Modern models of the global interaction show
that anomalies of the zonal atmospheric circula-
tion in many respects should be related to ano-
malies of interaction between the ocean and the
atmosphere in the tropical belt where the ocean
gives the greatest amount of heat and moisture
to the atmosphere.

In subtropical and tropical latitudes the mech-
anism of forming the hearths of droughtiness
AHgg s closely related to the variations of the
subtropical zone of high pressure. In dry 1972,
the subtropical zone of high pressure both over
Africa and South-East Asia had an anomally
south location (Fig. 1). Besides, the African zone
of high pressure was characterized by high inten-
Sity : in 1972 the geopotential positive anomaly
of the 500 hPa surface amounted on the average
to 2 dam for three summer months; in 1973 when
a heavy drought occurred in the Sahelian zone
AHgo was equal to 4 dam (Figs. 2 & 3).

Near the earth the axis of thermal depression
and inter-tropical convergence zone were also
subjected to the southward migration (Figs.4 & 5)
as compared with their long-time location. The
opposite picture of circulation conditions was
observed in 1974 and 1978 when droughts in the
Sahel and north India changed for considerable
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moistening (Figs. 6&7). In 1974, monsoon in India
persisted for a longer period than usually (appro-
ximfnely by 10 days longer),

“fhy do sharp variations of the subtropical zone
of high pressure occur ?
From preliminary data such variations should

to a great extent be related to the circumpolar
vortbx pulsations (CVP).

the USSR to reveal a relatonship between the
circumpolar vortex state and weather cond-
tion:%. All of them show that the circumpolar vo-
tex is the greatest object that determines the cir-
culation conditions in the Northern Hemisphere
and1‘ is of great importance for development of
long-rangc weather forecast methods.

Investigations have shown that this object is
pronie to considerable variations with time with
respect to its intensity location and territorial
cové,rageA With widening of the circumpolar vor-
tex the maximum pressure zone should descend
to the south; with narrowing of the vortex that
zong moves northwards. Itis this circulation patt-
ern ﬂlhat was observed in 1972 when a circumpolar
vortf:xatthe level of the middle and upper tropos-
phere (100 hPa) widened considerable toward
Afr i;ca and India (Fig. 8). In their turn, pulsation
of the circumpolar tropospheric vortex, in the
opinjon of the Soviet scientists, are related to
thermal features of the Arctic basin.

AJ great many of investigations carried out in

Some foreign scientists, in particular those of
Japan, relate these pulsations to the solar activity.

Inyestigations in the problem of circumpolar
vortex pulsations are of great interest in many
respects and in particular for the study and fore-
casts of atmospheric droughts in subtropical and
tropiral zones. Local peculiarities naturally alse
play a certain role in drought formation.

|
3. Conclusions

Fr:om the analysis performed it follows that a
drought is the product of certain anomalies of the
glob:}al atmospheric circulation related to anomalies
of temperature regime of the World Ocean surface.
Impﬂ‘;sibility to prevent such an unfavourable and
sometimes catastropic phenomenon requires more
and \more efforts for its further comprehensive
study.

s |;
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However, we should not limit ourselves to only
the discovery of causes for drought formation.
Our main task should be the development by
common efforts of mesthods for long-range fore-
casting the possible drought occurrence at a de-
finite tims and in a definite region. The existing
methods of drought forecasts are insufficiently
reliable though different approaches were tried.
One of them described in literature consists in the
use of solar-terrestrial relationships, others use

purely terrestrial factors-data describing the strato-
sphere, circulation of ths troposphere aand the im-
pact of the North Atlantic.

We think that the problem of forecasting the
conditions for drought formation both in tropical
and moderate latitudes of our planet should be
given the first priority in the activities of met-
eorological services concerned and within the
framework of international co-operation.




