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Characteristics of quasi-biennial oscillation over Kenya and
their predictability potential for the seasonal rainfall
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ABSTRACT.
castern Africa were investigated using
1966-1987. Relationships between the
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1. Introduction

One of the well known quasi-pericdic  phenomena
in the atmosphere is the regular alternation of zonally
symmetric westerly and easterly winds in the mean winds
of the tropical stratosphere. The reversal period of the
easterly and westerly winds s about 23-30 months.
The successive westerly easterly wind regimes first
appear around 30 hPa and then propagate dowawards.
The phenomenon has been generally known as the Quasi-
Biennial Oscillation(QBO). Evidences of QBO in both
stratospheric, tropospheric together with the exira-
tropical variables have been pi esznted by Palmer (1954),
Reed et al. (1961), Angell and Korshover (1964),
Angell et al. (1969), Daril and Belmont (1970), Miller,
et al. (1974), Ebdon (1975), Brier (1978), Coy (1979).
Trenberth (1980) among many others.

The stratospheric and tropospheric variables which
have exhibited QBO include tempeiature (Rasmusson
et al. 1981), ozone (Funk and Garnham 1962, Hascbe
1980), Indian monsoon rainfall (Mukherjee et al.
1985), African rainfall (Rodhe and Virji 1976, Ogallo

In this study the characteristics of the Quasi-Biennial Oscillation (QBO) over the tropical
monthly zoaal wind components from Nairobi (Kenya) within the period
stratospheric casterly and westerly wind phases and the seasonal rainfall

dicated the dominance of a 28 months® period in the zonal wind componen’,
erly and easterly wind phases was about —I .2 km/month.

ated significant (at 5% level) association between rainfall anomaly
al) and casterly and westerly wind phases.

- Quasi-biennial oscillation, Season forecasting, Speciral and cross-spectral analysis.

1979, 1982), ENSO phenomenon (Berlage 1966) and
many others. A historical review of thc QBO pheno-
menon may be obtained from Landsberg (1962) and
Lamb (1972). while some of the best theories which
may be used to describe QBO characteristics have been
presented by Holton and Lindzen (1972), Plumb (1984)
among many others in terms of the upward propagating
equatorial waves like mixed Rossby-gravity and Kelvin
Waves.

Due to the regularity in the phases of the QBO and
the appearance of QBO spectral peak in many atmos-
pheric parameters, many attempts have been made to
examine the predictability potential of the QBO signals.
The major objectives of this study are two fold—the first
part examines the characteristics of QBO over the
equatorial eastern African region using zonal strato-
spheric wind records from Nairobi. The predictability
potential of the observed QBO signals for the seasonal
rainfall forecasting is investigated in the final part of
the study. The data used in the study consisted of mean
monthly zonal wind records from Nairobi, Kenya (17
18'S, 367 45°E) for the period 1967 to 1987 at 100,
70, 50 and 30 hPa levels (Fig. 1)
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2. Methodolozy

This ssction highlights the various methods which
were used in this study to investigate the characteristics
of QBO over Kenya. Methods which were used to
investigate the relationship between the stratospheric
QBO phases and the observed surface climatic fuctua-
uions are also presented. The methods include spectral,
correlation and cross-spectial analyses. Time-height
cross-sections were also used.

2.1. Spectral analysis and time-height cross-sec tions

Under this section time series of the mean monthly
zonal winds at 100, 70 50 and 30 hPa were subjected to
spectral analysis in order to determine the period of re-
currences of the westerly (positive zonal winds) and
easterly (negative zonal winds). A twelve month
difference filter was used to remove the seasonal fluctus-
tions. The filter further easured stationarity in the time
series. Details of the difference filter together with the
corresponding response functions can pe obtained in
many standard references  including WMO (1966).
The differenced time series were subjected to spectral
analysis using Maximum Entropy Method (MEM).
The computed spectral estimates were smoothed using
Parzen and Tukey windows independently. Details of
spectral analysis may be obtained from Buig (1972}, and
Jenkins and Watts (1968). Peaks in the smoothed MEM
spectra were used to determine the dominant recurrence
periods in the stratospheric westerly and easterly phases
over Kenya.

The characteristics of the time-height cross-sections
within the period of study were also used to investigate
the recurrence patterns of the easterly and westerly wind
phases at the various levels.

2.2. Relationship between QBO phases and rainfall

In the final part of this study, relationships between
the westerly/easterly QBO phases and 1ainfall have
been examined using simple correlation coefficient (r).
cross-spectral analyses and contingency tables. Cross-
spectral  analysis involved the computation of cross-
correlation R(k)coherence C (/), and phase Q (1) func-
tions.

The simple correlation coefficient (#) may be expressed
as :

=1 .
r= ﬁ,_";.f:_."__ =
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where X;and ¥, represents monthly values of rainfall and
easterly/westerly wind phases at the individual levels
respectively while X;and ¥; are their corresponding
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Fig. 1. Mean monthly zonal wind record for Nairobi for period
1967 1o 1987 at 100, 70, 30 and 30 hPa levels

long-term averages based on 1967-87 records.“The statis-
tical  significance of r was tested using r-test at
95", confidence level. Pairs of variables arc correlated
ift i is significantly different from zero. Positive/negative
values indicate positive/negative relationships  res-
pectively. Unit » value represents perfect correlation
between the pair of variables.

The cross-correlation coefficient R (k) which deter-
mines the degree of relationship between X, and Y,at
time lag k may be expressed as :

"= k
2 Xr:yt tk
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where, k is the time lag

Xx;=X,— X,and y,=Y, -y,

Another function which has been widely used to
describe the time lagged relationships is the coherence

function [Cy (k)]
. E25(71)
CL(f) = T
where, 0 -~ /= } and -1 - C(f) = 1
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2, Time-height cross-sections of th: 30.100 hPa zonal winds for the period 1966-1987

where, [ isfrequeacy and F., ( f)are the cress-spectral
density estimates for the time series X, and ¥, while Fi(f)

and F, (f) are the independent spectral density estimates
for the time series X, and Y,.

The phase function Q(f) gives the time lag/lead
betweea X, and Y, values at any given frequency ( 1)

0., (f) =tan™ (% (t % ) "

where, Q,,and P,, are the quadrature and real part
of the co-spectrum respectively. Details of the cross-
spectral functions may be obtained from Jenkins and
Watts (1968). Q(f)and C(f) were used here to deter-
mine lagged relationships between rainfall and easterly/
westerly winds at 100, 70, 50 and 30 hPa levels. They
were aiso used to determine the rate of downwatd pre-
pagation of the stratospheric easterly/westerly wind
phases.

Relationships betwszen rainfall characteristics and the
easterly/westerly winds were [further examined using

x>-test derived from contingency tables which summari-

sed the rainfall characteristics associated with the
various easterly/westerly wind phases. The rainfall
characteristics examined in the study included the dura-
tion magnitude, onset and withdrawal dates. These are
examined for three years, 1984 (poor long rains), 1985
(poor short rains) and 1986 (normal rainfall for both
seasons). The duration, onset and withdrawal dates were
obtained from cumulative decadal 1ainfall mass curves.
These analyses were done for both long and short rainy
seasons. The long and short rainy seasons are observed
dulring March-May and October-November respecti-
vely.

3. Resultsand discussion

Time-height cross-sections of the 30-100 hPa zonal
winds within the period1966-1987 are given in Fig. 2.
The figure indicates successive recurrences of the easterly
and westerly wind phases. The successive phases appear
at 30 hPa and propagate downwards. The average rate
of the downward propagation of the westerly and easterly
winds were about —1.5 km/month and—0.9 km/month
respectively giving an average rate of —1.2 km/month.
This rate isclose to the value which has been observed
by other authors (Plumb 1984, Holton and Lindzen

1972).
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TABLE 1

Observed characteristics of the easterly westerly wind phases

Easterly wind component at 30 hPa level

Withdrawal
date for
easterhy

s
Onset date
for
casterly

Duration of
persistent
casterly
(months)

Recurrence

period for
easierly

(months)

Sep 1967

Apr 1969 20

Jan 1970 Mar 1971

May 1972 Mar 1973
Mar 1974 May 1975
Oct 1976 Aug 1977
Dec 1978 Feb 1980

Apr 1981 Jul 982

Jun 1983 Nov 1984
May 1986 Aug 1987

Average

Onset date

wasterly

Apr
Mar
M
May
Aug

Feb

Jul 1982

Noy

Aug

Westery wind component at 30 hPa level

Wi ndrawal
date for
wes

Duration of
per. isient
westerly
(months)

Reemirrence
period for
westerly
(month)

arly
= FA

1969 Jan 1970

1971 May 1972
1973 Mar 1974
1975 Qct 1976
1977 Dec 1978
1980 Apr 1981
Jun 1983
1984 May 1986

1987

The time-height cross-sections given in Fig. 2 weic
used to determine the onsetand withdrawal dates
together with the durations of the individusl casterly
westerly wind phases at 30hPa. The observed diies ars
given in Table 1. The table indicates that the onset and
withdrawal dates were distributed throughout
The reversal of the westerly easicrly wind phases al
Singapore has. however, becn observed to be concentia
ted within the period Nuvcrnh:r—;’-\pril (Plumb 1984,
Table | further indicates that the maximum and minimum
durations of persistence of the casterly wind phase at
30 hPa level weicabout 20 and 11 months respectively.
The corresponding values for the westerly phase
19and 10 months respectivily.

the year.

were

Results from spectral analysis indicated existence of

distinct quasi-periodic characteristics in the inter-unnual
pattern of the westerly and casterly wind phases. The
patterns of the timz series within the pericd 1966-87 uic
given in Fig. 1. The dominant speciral peaks which were
discernible from spectral analyses wers centred 210und
28 months for the zonal wind component.

The recurrence dates for casterly and westeriy wind
phases at 30 hPa within the period of study are given in
Table |. The table indicates that observed iecurrencs
periods ranged from 23-32 months, One case. how ever,
had relatively larger value which was close to 36 months
for both easterly and westerly wind phases.

It should be noted that the onset and withdraw:l dates
of the individual wind phases were cxtrapolated from the
time-height  cross-sections. The subjectivity ol this

graphicul method may induce some errors in
nieter s which were derived from the
dates, like the duration and recurre
given in Table 1.

all para-
onsetand withdrawal
nce periods which are

Results from correlution analysis indicated that most
ol the corielation coefficient values between rainfall
and the stratospheric zonal wind component were less
than €. 3atall levels including the 30, 50, 70 and 100 hPa
levels. The r-test indicated that most of those correlation
values were statiistically not different from zero which
indicates no significant correlation ketween the strato-
spheric wind phases and raicfull anomalies which were
obseived during the period of study. Example of the
decadal cumulative rainfail values (mass curves) which
were used to determine the onset, withdrawal and dura-
tion data for rainfall are given in Fig. 3. for cases of (i)
poor long rains, 1984.(ii) poor short rains, 1985, (iii)
normal rainfall for long and short ruins, 1986,

Tuble 2, however, reveals some mieresting information

when the rainfall and stratospheric wind anomualies
were generalized into categories using contingency tables,
It is evident from the study that nine cases of above
noimal rainfall were recorded within ihe period of study
duting the long rainy season. Stratospheric westerly
wind phases were observed duting seven of these nine
cases giving a probability of about 0. 8 for the association
between above normal 1ainfall and stra tospheric westerly
wind phase duting the leng rains. Table 2(b) however
indicates that siiatospheric westerly wind phises were
observed during all six cases when above normal rainfall
was observed within the short rainy scason.
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Figs.3(a-c). Examples of the decadal cunufative rainfall plots :
(a) 1984 —poor long rains, (b) 1985—noor short rains,
and (¢} 1986 -normal rainfall for both seasons

y2values for the long and short rainfall seasons were
about 4.8 (A.f. 2) and 7.6 (d.f. 2) 1espectively. The
critical y2-values for d.f. 2 for the rainfall seasons were
about 4.61 and 5.99 at 909, and 95°, confidence levels
respectively. These signify the statistical significance of
the associations only during the short rainfall period
when 95°% confidence level is considered. Evidence of
significant relationships between rainfall during short
rainy season and SST, ENSO. and other general cir-
culation parameters have been observed by Ogallo (1988),
Ogallo er al. (1988) among others. Many studies have
noted higher degrees of spatial correlations in the rain-
fall patterns during the short rainy season. The long
rainfall season has beea associated with complex
interactions between many regional and large scales
systems which generally induce some heterogeneily in
the spatial rainfall characteristics. Table 2 further indi-
cates that the probability of below  normal
rainfall associated with the stratospheric easterly wind
phases were about 0.75 and 0.71 for the long and short
rainfall seasons respectively. The corresponding pro-
bability of above normal rainfall being associated with
stratospheric westerly wind phases is higher, being

TABLE 2(a & b)

Contingency tables for the rainfall anomalies and zonal wind phase

at 30hPa leve!

Wind Rainfall anomaly
Component ——— e =
A N B Total
(2) Long rainy season
Easterly 2(4.5) 13(12.5)  6(4.0) 21
Westerly 7(4.5) 12(12.5) 2(4.0) 21
Total 9 25 8 42
(%) Short rainy season
Easterly 03.0) 16(14.5)  5(3.5) 21
Westerly 6(3.00 13(14.5) 2(3.5) 21
Total 6 29 7 42

A — Above normal rainfall (Xi~ X o),
B — Rclow normal rainfall (X; <X—o0)

N — Normal rainfall (X —a-Xi= X - a),
o — isthestandard deviation,

X — Seasonal arithmetic mean of rainfall.

Figures in parenthescs are cell frequencies on hypothesis of no asso-
ciation.

much higher for short rainfall season. It is, however,
noted that the samples under categories A and B in Table
> were small and hence rather large sa mpling fluctua-
tions in probabilities cannot be ruled out.

Nairobi lies on eastern part of the central highlands
making the Indian Ccean the major source ofl the
moisture for precipitation formation transported by the
low level easterly monsoonal wind systems. These
monsoonal wind systems can be used to explain the
observed associations between the upper level westerly/
casterly wind phases and corresponding above/below
normal rainfall conditions. Table 2 alsc indicates that
only two cases had below normal rainfall with upper
level westerly wind phases, in each of the two rainy
seasons. These were observed during 1983-84. It should
be noted that the period 1982-83 was one of the
warmest E/-Nino event this century.

Results from cross-correlation analysis indicated that
time lagged correlations between rainfall and the wind
phases were generally low. Few of these time lagged
cross-correlations R(k) were, however, significant at the
5°/ level but the variance explained by the significant
cross-correlation functicns, was, however, very low.
S:iacistically significant coherence was also obtained
at 30 and 50 hPa levels. The phase angle values
indicated rainfall leading QBO wave at 30 and 50 hPa
levels by 1.4 and 1.2 months respectively.

Cross-spectral analysis further indicated high coherence
between inter-level easterly —and westerly  wind
phases. The phase angles gave the average rate of down-
ward propagation of the westerly and easterly wind
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phases as 1.3 km/month. This is close to the value
which was obtained from time-height cross-sections as
discussed earlier in the text.

4. Conclusions

The results from the study indicated that the average
period of the stratospheric quasi-biennial oscillation over
Kenya is about 28 months. The period was dominant in
zonal  wind component. The westerly easterly wind
phases first appeared around 30 hPa and propagited
downwards with an average rate of cbout —-1.2 km
month.

Results from the study further indicated that simple
and cross-cortelation analyses could not reveal any
associations between rainfall and the various strato-
spheric zonal wind phases, Few cross-correlation func-
tions were, however, significant. but the variance accoun-
ted for by the significant cross-correlation functions were,
however, very low at 5% significance level. Some
significant relationships were, howe ver. discernible when
contingency fables were used to generalise the observed
rainfall anomalics into categories. The contingency tables
indicated that probzbility of about 0.8 was associated
with the stratospheric westerly wind phases und above
normal rainfall. The corresponding probability for
below normel rainfall cases and stratospheric easterly
wind phase was about 0.7 coherence and phase angle
values derived from cross-spectral analysis showed
that rainfall was leading QBO wave at 30 and 50 hPa
levels by 1.4 and 1.2 months respectively. It should
be noted that although coherence values between raiafall
and the 30 and 50 hPa winds were statistically significant,
QBO at these levels accounted for relatively low per-
centage of seasonal rainfall variance in both seasons.
The observed asscciation between the rainfall anomalies
and the stratospheric zonal wind phases could provide
useful long range signals for the expected seasanal rainfall
anomalies for the short rainy season. Further studies
using penfad or decadal zonal wind data is however
required in order to provide more information on the
predictability potentizl of the stratospheric casterly and
westetly wind phases.
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