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ABSTRACT

Evidence is presented to show that the highly variable interannual rainfall over
Northeast Brazil is dependent on the degree of eyelonic activity or blocking in the
Newfoundland-Greenland area during the Northern Hemisphere winter and spring.
The linkage is traced through variations in the subtropical Atlantic anticyclone, the
northeast trades and the responding Hadley cell which is forced to vary in position and
strength. Intense blocking over North America and the North Atlantic is usually
associated with devastating drought over Northeast Brazil.

Introduction

Precipitation over many parts of Northeast
Brazil is highly variable from year to year—
occasionally there is severe drought. This
variability and its assoclated economic impact
have been largely responsible for a UNDP-
WMO program to improve the observational
network and learn more about the meteorology
of the area (Bernard & Wurtele, 1971).

The precipitation is also highly variable in
space as shown by a chart of the mean annual
rainfall (Fig. 1). We shall not attempt to discuss
this complex rainfall pattern but refer the
reader to standard literature on the climate
of Brazil (Kendrew, 1961). Our purpose will
be to explore some of the time-dependent
rainfall variations, well illustrated in Fig. 2 by
the three-month totals for December through
February and March through May observed
from 1947 through 1970 at Quixeramobim,
a station with a long homogeneous record.
Quixeramobim’s location is shown by the
heavy solid cirele in Fig. 1. These large season-
al variations are superimposed on an annual
course of rainfall which has its maximum
in spring of the Northern Hemisphere—

1 Presented at the Seventh Technical Conference
on Hurricanes and Tropical Meteorology, Barbados,
W.I., Dec. 6-8, 1971. Part of this research was
performed while the author was employed by the
National Weather Service, NOAA.

Table 1 lists the climatological averages by
month. It will be noted that precipitation in-
creases fourfold from January to April—from
43 to 160 mm. Mean sea level pressure charts
for these months (Naval Weather Service
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Fig. 1. Mean annual rainfall (inches) for Northeast-
ern Brazil (from Bernard & Wurtele, 1971). Heavy
solid circle locates Quixeramobim.

Tellus XXTV (1972), 4



INFLUENCE OF NORTHERN HEMISPHERE GENERAL CIRCULATION

mm
240

220+

140-"

1

100~

R ,}, R ) SR | N R, 1 G 4| N, oo} - SPRING _
NORMAL

WINTER

047 4845750 51 525354755 56 57 58 59 60 61 62 63 64 65 '66 67 68 69770 YEAR

Fig. 2. December through February (open bars)
and March through May rainfalls (hatched bars)
at Quixeramobim, Brazil (6°12’ S 39°18° W). Top
of bar represents total rainfall for a three-month
period, e.g., in the period December 1946 through
February 1947, 80 mm fell while from March to May
1947, 184 mm fell. Normals (broken lines) are cli-
mate averages for Northern Hemisphere winter and
spring seasons. Numbers show the four driest De-
cember—February and March-May periods.

Command, 1969, not reproduced) show little
difference in the pressure pattern affecting
this area. Charts of resultant gradient winds
and isotachs (Atkinson & Sadler, 1970), like that
for January reproduced in Fig. 3, show that the
intertropical convergence zone (ITCZ) lies about
10 degrees of latitude north of Quixeramobim
n Janvary and a few degrees farther south
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Table 1. Monthly precipitation (in mm) for
Quizeramobim, Brazil (W 5°12° 8 39°18') {from
U.S. Dept. of Commerce, 1966)

Precipi-

tation

(mm)
January 43
February 88
March 171
April 160
May 102
June 39
July 20
August 9
September 4
October 3
November 6
December 16
Total 661

than this in April. Table 2 shows that surface
and 700 mb temperatures as well as lapse rates
in this layer in the vicinity of Quixeramobim
have little difference between January and April.
The largest differences between these two months
appear in the dew points at surface and 700
mb, and, as stated previously, the precipitation
totals. Some of the increased moisture indi-
cated by the higher April dew points may
result from the increased precipitation, par-
ticularly from high convective clouds super-
imposed on large-seale vertical motions, while

Fig. 3. Resultant gradient-level wind and isotachs for January (from Atkinson & Sadler, 1970).
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some of it may be advected inland from the
ocean by monsoonally increased southeast trade
winds.

Returning to the question of seasonal rain-
fall variations around the climatological mean
we find that the standard deviation of Decem-
ber-February precipitation is 35 mm with a
long term mean of 49 mm while comparative
figures for the March-May period are 48 mm
and 144 mm respectively. The four driest
December—February periods of the 1947-
1970 period are indicated in ascending order
in Fig. 2 by numbers as are the four driest
March-May periods. It will be noted that three
of the four very dry December—February
periods were followed by very dry Mareh—
May periods, the exception being 1960 when a
very wet three months followed a very dry
December—February. Note that all four of the
driest March-May periods were preceded by
dry December—February periods. The above
described sequences suggest that drought
periods (very deficient rains in the wet season)
are associated with anomalous meteorological
patterns which have appreciable longevity. In
this respect drought in Northeast Brazil, in
the heart of the tropiecs, is similar to drought
over the central plains of the United States
(Namias, 1960).

Some idea of the impact in terms of human
suffering is indicated by the fact that in the
year of most severe drought (1958) an esti-
mated 10 000 000 people were forced to emi-
grate from Northeast Brazil (Bernard & Wur-
tele, 1971).

I shall attempt to show that extensive dry
periods in Northeast Brazil such as those
indicated in Fig. 2 are associated with large-
scale features of the general circulation over
northern hemisphere areas more than 5 000
miles away. This idea stems from an earlier
work (Namias, 1963) in which it was shown that
a strong subtropical high and poleward dis-
placement of the upper level westerlies over
eastern North America and the Atlantic was
associated with bands of above and below
normal precipitation in Central and South
America. When the reverse situation occurs
(weak subtropical high with equatorward
displacement of the westerlies) the precipitation
bands also reverse; areas which were above
normal in rainfall during periods of strong
subtropical anticyclones go to below normal
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Table 2. Temperatures (°C) at surface, 700 mb;
temperature difference (AT) between surface
and 700 mb, dew point (DP) at surface and 700
mb at 5° S 40° W (near Quixeramobim, Brazil)
and precipitation at Quizeramobim (from U.S.
Dept. of Commerce, 1966)

Tourtace T AT  DPguirace DPyy  Precip.
(mm)

January

28.5 9.5 19.0 19.5 0 16

April

27.3 8.9 18.4 22.0 3.6 160

when the anticyclone is weak or absent, and
vice versa. The difference in the geographical
location of the heavy and light precipitation
bands was attributed to variation in the inten-
sity and position of the Hadley cell through its
poleward limb in the subtropical high.

Quixeramobim’s precipitation might reflect
the vigor and position of the Hadley cell
which in turn would be associated with the
strength of the trade winds emanating from
the subtropical Atlantic High (see Fig. 3).
Thus strong northeast trades would enhance
rising motion in the ITCZ and possibly displace
the ITCZ farther south. Once strengthened, the
rising motions and attendant increase in latent
heat release would impose demands on the
southeast trades. The strengthened southeast
trades would then provide a greater influx
of moist air from the South Atlantic into
Northeast Brazil. These effects, the greater
vigor of the Hadley cell, its closer proximity to
Quixeramobim and the increased moisture flux
from the Atlantic would result in increased
precipitation at Quixeramobim. Conversely,
weakened northeast trades emanating from a
weak subtropical high, would produce a weak
Hadley cell, the ITCZ in a more northerly
position and less demand on the southern
trade wind system. The net result would be
deficient rainfall at Quixeramobim.

In order to test this hypothesis Quixeramo-
bim’s December-February and March-May
precipitation for 24 available years of record
were correlated with contemporaneous 700
mb heights over the North Atlantic and eastern
North America. The resulting isopleths of
correlation are shown in Fig. 4. These fields
show maxima near or off Newfoundland in
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Fig. 4. Isopleths (solid) of correlation between Quixeramobim seasonal precipitation and 700 mb height
elsewhere for Northern Hemisphere winter (Dec., Jan., Feb.) and Spring (Mar., Apr , May). Broken lines
are normal seasonal 700 mb height contours. Solid circle at lower right of figure shows approximate loca~

tion of Quixeramobim.

both Northern Hemisphere winter and spring.
Note that these maximum values are negative,
indicating that low 700 mb heights (strong
cyclonic activity) in that area are associated
with heavier precipitation at Quixeramobim,
while high 700 mb heights (blocking) go with
deficient precipitation. In the area of the
subtropical anticyclones, however, the correla-
tions, while positive, are insignificant. At
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first glance, this would appear to negate or at
least not support the hypothesis advanced
above. However, long range forecasting experi-
ence indicates that a strong teleconnection
exists between 700 mb heights over the New-
foundland-Greenland area and the Atlantic
High; strong cyclones in the Newfoundland-
Greenland area go with strong subtropical
highs, while anticyclones (blocking) go with
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Fig. 5. Isopleths giving the probability of sign of anomaly of 700 mb height when a center of maxi-
mum anomaly dominates the area indicated by the figure 100. Other numbers give centers of maximum
(positive or negative) probabilities. Isopleths are drawn for four probability contours—50 %, 70 %, 90 %
and 100 %. The 50 % line is heavy solid, others are broken.

weak or absent subtropical highs. This casts
doubt on some of the lower latitude correlations
shown in Fig. 4. On further investigation,
these turned out to have been computed from
an inhomogeneous record of observed 700 mb
heights. From 1947 to 1962 hand analyses had
been made using continuity and synoptic
expertise. Since 1962 the heights have been
obtained by wnumerical (computerized) ana-
lyses—analyses which are recognized as reli-
able for middle latitudes but unfortunately
not for southern latitudes because of sparseness
of data and complex boundary effects.!

! The relative deterioration of the subtropical
700 mb data in the period since 1962 is indicated
by the fact that the spring correlations between
heights at 60° N 50° W (off Greenland) and at 30° N
35° W are —0.69 for the period 1947-61 but +0.11
for the period 1962-71.

To be more objective, I made use of the
teleconnections for areas off Newfoundland
and Greenland (areas of maximum correlation
shown in Fig. 4) as determined by O’Connor
(1969) from 17 years of 5-day mean 700 mb
charts ending in 1963—essentially before the
advent of computerized analysis. These tele-
connections have been found to characterize
monthly and seasonal as well as 5-day patterns.
The charts (Fig. 5) show the probability of
sign of 700 mb anomaly when a negative or
positive center lies in the area marked 100.
Hence, in winter, negative centers (deep
troughs) in the Newfoundland area have a
high probability of being associated with strong
Atlantic anticyclones, while positive areas
(blocking) are associated with weak or fre-
quently absent Atlantic anticyclones. In spring
similar teleconnections are found when the key

Tellus XXIV (1972), 4



INFLUENCE OF NORTHERN HEMISPHERE GENERAL CIRCULATION

341

.Q 5%

SPRING 1991

*Q W%

WINTER 1952.53

eQ 7%

SPRING 1932

~—i_

Fig. 6. Isopleths of 700 mb height (solid) and departure from normal (broken) for winter 1950-51 and

spring 1951. Numbers at centers of isopleths of anomaly give maximum departures in tens of feet. Con-
tours are labelled in tens of feet. Approximate location of Quixeramobim is given at lower right of figure
along with per cent of normal of its seasonal precipitation.

Fig. 7. Same as Fig. 6 but for winter 1952-53 and spring 1953.

center appears off Southern Greenland—the
area suggested by the maximum -correlation
centers of Fig. 4.

The charts shown in Figs. 4 and 5 lend
considerable support to the hypothesis discussed
earlier—namely that the northeast trades are
often regulated by the Atlantic subtropical
anticyclone which is in turn regulated by the
upstream westerly, long-wave activity—partic-
ularly the intensity of the trough near New-
foundland. These variations alter the inteunsity
of convergence into the ITCZ and perhaps
change its position, so that variable demands
may be placed on the southeast trade wind
system affecting the moisture influx to North-
east Brazil from the South Atlantic. The net
offect of these regional changes in Northeast
Brazil is to enhance or suppress precipitation
and produce large year to year variations, such
as those shown in Fig. 2.
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Winter and spring 700 mb patterns and their
variations from normal for the drought years
1951, 1953, 1954 and 1958 (Fig. 2) are repro-
duced in Figs. 6 to 9. Note that in all cases
strong blocking (positive height anomalies)
was present near Newfoundland or off Greenland
and the Atlantic anticyclone was weak or
absent (negative anomalies). It is during the
seasons of Northern Hemisphere winter and
spring that we might expect to find relation-
ships between Northern Hemisphere pressure
patterns and Equatorial or Southern Hemi-
sphere precipitation. This is because the vigor
of the general circulation in the Northern
Hemisphere is greatest during this half-year
and its large-amplitude, long waves become
a major feature of the global circulation.
Since this is the half-year when Quixeramobim
gets most of its rain, it is perhaps not sur-
prising that drought in this area can be related
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Fig. 8. Same as Fig. 6 but for winter 1953-54 and spring 1954.
Fig. 9. Same as Fig. 6 but for winter 1957-58 and spring 1958.

to Northern Hemisphere patterns. By reversing
this argument it is conceivable that summer
and fall precipitation in parts of the Northern
Hemisphere, especially at low latitudes, might
be influenced by the general circulation of the

Southern Hemisphere. Increased data in the
Southern Hemisphere associated with the
World Weather Watch program of WMO
and research carried on by GARP should throw
light in this problem in the next decade.
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BJIMAHUE OBIMEN HUUPKYJALUNA B CEBEPHOM MOJVYIIAPUN HA BACYXU B
CEBEPO-BOCTOYHON BPA3UJINH

IIpencraBieHBl ROKA3aTeJbCTBA, 4YTO OONBIIAH
MeKrofMYHasA N3MEHYMBOCTH OCAJKOB HAJ ce-
BE€PO-BOCTO4YHOI Bpasuiueit 3aBHCUT OT CTeNeHN
IUKJIOHMYECKOt aKTMBHOCTH M OGIOKHUpPOBAHUA
B paitoHe Hbio-®ayunneup-I'pennangus 3u-
MOl U BECHO [JA CeBepHOro INOJYyWApus.
CBA3b NPOCIEKUBAETCA Hepe3 M3MeHeHHA cy0-
TPONMYECKOTO AHTHIMKJIOHA B ATJIAHTHKe, ce-
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BEpO-BOCTOYHBIE MACCATHl ¥ CBABAHHYI C HUMH
Adeitky Xanmed, KOTOpaA M3MeHsET CBOE IO0JIO-
KEHME U WHTEHCUMBHOCTb. MHTeHCMBHOE GIOKH-
posanue Hax CeBepHoli Amepukoil u CeBepHoit
ATnaHTUKOK OCHUHO CONPOBOMKJAETCH OHMYCTO-
UIMTENbHBIMH 3aCyXaMHl B CeBEpPO-BOCTOUHOM
Bpasuaunn.



