RECENT CLIMATIC FLUCTUATION
ON A SMALL TROPICAL
ISLAND: THE CASE OF

BARBADOS, WEST INDIES

CENTRE FOR NEWFOUNDLAND STUDIES

TOTAL OF 10 PAGES ONLY
MAY BE XEROXED

(Without Author’s Permission)

LEONARD ALFRED NURSE









l* National Library of Canada

Cataloguing Branch
Canadian Theses Divisnog

Ottawa, Canada
K1A ON4 N

NOTICE

The quality of this microfiche is heavily dependent upon
the quality of the original thesis submitted for microfilm-
ing. Every effort has heen made to ensure the h|ghest

quality of reproduction possuble . ..

- i pages ‘are ‘missing, contact the university which
granted the degree. '

Some pages may have indistinct print especially if

the original pages were- typed with a poor typewriter
ribbon or if the university sent us a poor photocopy.

Previously copyrighted mat'erlals\)journal articles,
published tests, etc.) are not filmed.

Reproduction in full or in part ot this tilm is governed
by the Canadian Copyright Act, R.S.C. 1970, e. C-30..
Please read the authorization forms which accpmpary
this thesis.
. )

: THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL-339 (3/77)

: v
Bibliotheque n?tionale du Canada

Direction du catalogage
Division des théses canadiennes

:5 N v "

AVIS

La qualité de cette microfiche dépend grandement de la
qualité de la thése, soumise au microfilmage. Nous avons
tout fgit pour assurer une qualité supeneure de repro-
duction.

o » -
.

S'il manque des pages, veuillez communiguer avet
I'université qui a contéré le grade.

La 'qualité d'impression de certaines pages peut
laisser#a désirer, surtout si les pages otiginales ont été

. dac'tjlqgraphiées al'aided’unruban usé ou sil‘université
nousa faif parvenir une photocopie de mauvaise qualité.

Lesrdocuments qui font déja I'objet d'un droit d'au-

- _teur (articles de revue, examens publiés, e}c .Jnesontpas

mlcrohlmes

La'reproduction, méme partielle, de ce microfilm est

+ soumise a la Loi canadienne sur le droit d’auteur, SRC .

1970, .c. C-30. Veuillez prendre connaissance des for-
mules d'autorisation qui-accompagnent cette these.

LA THESE A ETE :
MICROFIL MEE TELLE QUE °
NOUS L'AVONS REGUE

[ Rl A ot ‘." d
- = e



.' N " ‘
s ‘.‘l -
«
- ﬂ‘ -~
-
¥
- . ' >~
- 7
L3 \ ~
' /
RECENT CLIMATIC FLUCTUATION ON A SMABL TROPICAL ISLAND:
THE CASE OF BARBADOS., WREBST INDIES N
L 4
< ’ ra D % i » .
. ? . °
L BY3| A .
. N : ‘ : . ' 7 S
’ R4 ‘ : s 2 ! :
A ) o Leonard Alfyed Nurse, B.A.' @ L
N . Univerai‘ty of the West Indies, .1975 S
. . ) - d il
A tbesis submitted in partial fulfillment . '
. of the requirements fdy the degree of e
‘ Master of Science o :
-, }‘ :
. ‘ .?: -
,"i 1: 1
. ¥
~ DEPARTMENT OF GEOGRAPHY . , o
: % .  MEMORIAL UNIVERSITY OF NEWPOUNDLAND ' D
| " April 1977
‘ A
. . * ‘JA
st, John's . ‘Newfoundland
@ @ |
. W
o . - s
- . AR, | SOV S




AOFR

1!
¥

B A

it

Tt o .

R o

and changes of a awmlar nature may be expected to occur m ﬁﬁ* -

L ?xe futur'e. AZthough the broad aharacteyas'tws af the gZobaZ

s

.
-
2 o
. .
r - -
4 - ' ‘ L -
-y 6 v
) .
. '
* '» LY .
. . s o
fw N . ‘ . -;
" - ’ A
NS ‘b
3

"The Ea.rtfx g clmate has under'gone many changea in thi? paat

'.~cLunate have rematned fdwly stable and atatwnary aznce the _\"

Ty

end of i:he Zast g;actal epoc)t aome 10 000 yeara ago, al'una—\
talogwal recards Lqed on the synthesta and atatwtical

-

i 'avez'agmg of dcnly wea‘lzher recdrda,of temperahzre, ramfall; -

ete. 8how conatderable vamatzona from year’ to yecm, from , o

decade ta decade and from century to century..u _

. S : . e .
. ’ 4 . . ;e
.

P S L B, Masom

i - ‘
Lo ° . " .
: ™ = S
5 ; . S
* 4 h . . N
. o —\‘ * .
\ . ’a L '
' - . * v N ¥
oL . A »
.41.
.
‘ .
[
a
N
) -
. .
o ”
.
-
[ .
O ) .
. A
“ . !
- . / N ' TR )
i . . . 1
X - . . i °
1 ': .J v
B B
< ) '
B ‘

. (Endeavour xxXV 1976, p.. 61)

-




L e T

'
. .
e
U
I
.,
L]
N .
v
.
.
[y
t

) .
L .
. .
- )

,
.
.9
. - ‘
v
‘
.
. 3 -
,
. '
4
& »
- L k
.
+ .
/
L4

/

s
.
Iy '
o
N
5
e
4 N
Y4
-, .
)
: . .
o
4 "'

r N
. .
- .
r
3
3 !
<
. 2 - for
§ -
. OB
.
./ "
) .
i .

.

,
g
o o

..

a

'
e., .
LS
1 N
. . (-:"‘.
- .
. P
e * [ ot
. vt ey
. o I
. ) B L S
. . A1 T LR ~E
oo BT e RS
. . ‘i *
- N
. o W ‘
R . g , oy -
. . KA
Ve
0 N .l
= .
, ‘ .
( , J
- - « H
J B . H
«
‘ j
. s
- P
~ . .
=) -
- . :
v . .'0'- .
. . T g
Vo
. 3 - N “
e, Yan
. b
. S i
- ~ o . v -
. . o o
A
‘ g -
- } r,
. 0 b
. R I
B
(I
? g
v.il'.,‘
’ . 5o
' T
. 4 D
- 1 ot
: A
h .
’ . .
» ..
.. B
'
- - )
. - ey "
- - 4 o
B
. B
-
. .”‘ ‘.
s .
L3 - Ly
. '
. MONE o ‘
s .
- N . - o
LY L4
- . T
.o r ‘. -
. .
B . o OF .
R f
. b A .. .
. . . J
, " N L A s
'. . - K [ X e, '
H B . s ol «
- - e y ‘
o - & - p -
. . - . o 2
. . T . - l‘}-
. Ko
. L) I3 - -
B i i o s a0
[N



N S ABSTRACT"

4 .o ‘ i,
Climate is nowhere invariant, it 1is ever changing. For many decadea o 3

) N . .

" now tlimatolﬁgista have recognized this and have attempted to analyse ahd o

, explain the magnitude, direct:lon and spatiaf extent of such change. At.
. L.

—r

the same’ time scientists have . postulated several Lheoriea to accOunt for ' Coe

lmovn fluctuatlons and altogether a very extensive literature has \been ‘
i . ”
built up aronnd ‘the: subject.. Yet there aeema to be a relatiVe dearth of

A

detailed inveatigations of 1ow~—latitude climatic fluctuations' for \the

5w

'J

involving the middle and high latitudes. The ;teaent work, therefore, is . "_'

- gl E S - o
) —4'7& offered 8s a- contribution to a better understanding of climatict’bariation ™
S o R . Y

e o 1n a vastly negleéted low—latitude region, the Caribbean.

Y

(o

This et:udy a.tcempts to "ésess the magnitude and dirqction of . recent ) ‘ . SR
e N cl:lmatic fluctuations on “the island oi’ Barbados. ‘ More apecifically, At o

_— S ' sets out primarily to identiiy long-term £1uctuations and trends fn Ghe

’ ano e
island'a clj.matic data. as they may exist, eince 1900.. Throughout the .- . ' T

- N T
[ ..

) analysie an attempt is made uherever possible, to compare and rclate theae .

- 4 -
-

. fluctuations and trends to postulated global and hemispheric changes and to

et o other low-lacitude climatic flucuations and atmospheric circulation c;angesxl
R o ‘whi:eh have l.:een'!recgtly obeerved :’ ) S -: T o S s . - """7‘{
SR ‘ . -\ ‘ "' Chapter 1 provides a. gener;al introduction to the Hstudy area and foc‘usesA. ' :

’ - primar.ily) on televant backgronnd infomat:lon relating to the island -3 . g

cl'imate. P A SR

. -

s ;_' . In, Chapter 2 a comprehensive outline of the main types of data, data

) sources and methodological procedures is: given. Here, particular emphaaia

-

is placed on the ma:ln etatistical techniquea employed 1n the analysis-




3

The following chapter is devoted to a full investigatﬁqn of long—term

~ ~

fluctuations and trends identified for selecte? climatic parameters. These

variables inclide air temperature, atmOSpheric pres!sure, windwelocity, 'sun-
shine hours, relative hum:xdity ‘and cloud cover. In the final part of this

Cttapter the're is a brieﬁ discyssion onf "the relative metits of a few theories
A . .

Y

of climatic change. ) )

I-n the fourth Chapter there :ls a. detailed analysis of rainfall fluc- -

tuationa across the isfkmd. This involves a thorough 1nvestigation of

"4

s ".'tempotal varxiations in the island mean rainfall and ajdgo #n analysis of f:he

€ . r

Partial explanations for these fluctuations are posited and” an attempt is .

-

- made. to relate these patCna to observed hemispheric and tr0pica1 atmos-

systems,

pheric circulation changes. '~ . S B

Chapter 5 deals exclusively w_ith fluctuatidr'ls and ehangesfin the fre-#

quenicy of the hiajor synoptic scale systems which affect the island's
: o ST o/ : - ‘
weather, These systems include hutricanes, tropical storms and depressions

and local coﬁvectional -(thunder).: storms, In this Ch'apt.er there 1is aiéo. an
attempt to.examine: the feiqtimlh'shipsubetween rainfall and these weather L

L . L v

and resqite prévious‘l§ discussed; a very brief evaluvation of the vork is

o

hléo given.

.f_temporal and Qspatial patterns exhibited bg seven: seiected rainfall stat’ions.

3

4 Finally, Chapter 6 islalconc'ise' sulmhary of some of the ;najo}findinge 5
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- - Chapter 1

Background to the Island's Climate

A. Introduction
The island of Barbados is the most easterly of the Caribbean archi-
r pelago'and is situated at approximately latitude 13° 14'N and longi-

' tude 59° 37'W. The 1island, which is about 33.5 km. long and 22.5 lm.
wide, covers a mere 430 sq. km. For the most pa;t Ba:badbs is flatuand
low-lying with its highesat point, Mounf'ﬁillaby, ;éaching just over 335
metres (see frontispilece). | ‘

Tﬁe climate of Barbados is to a 1arge\extent determined by three‘
main féctors, namely solar radiation, sea sﬁrface temperatures and:air
flodfcharacte;iatics and paﬁtérns. Owing to the island's location rela-
tive to the seafonal movement of the sun ;orth_and.south of theiequator,

4
. there is an almost constant receipt of solar radiation at the surface all

year zPund. At the same time the island is located in the tropigal North

Atlantic ocean whose surface temperature, about 26.7°C. hardly shows any

substantial annual or monthly variation.l Thirdly, like all other regioms

. in the Caribbean, Barbados lies within the Northern Hemisphére Trepical

Easterlieé or Trade Wind belt, a circulatafy system associated with ghe
semi-permanent high pressure zone centred just to the south of Bermuda é:}

and the Azores. It is generally regarded as a regular, fairly %frsistent N

type of circnlatipn. Hence, -the island 1s generally under the influence

of a relatively constant easterly flow of warm, fairly noist air,

-5

1Rpcheford B.A., Pqper Presented to the Eleventh Caribbean Food
Crops Society Conference, Bridgetown, Barbados, 1%73, p. 4.
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Broadly, the climate may be difided into a wet season and a dry
season; the wet season "lasts from about June to November, associated
with a northward shift‘of the Intertropical Convergencé Zome (ITCZ),
while the dfy season extends from December to late May or June.‘ It should
be pointed ouY, however, that it is not unéommon,for thefe to be dry_spells {
during the wet season and wet ;pells during the dry season. Two other
seésonal divisions have been proposed; a cool seamon and 8 warm season,

-

corresponding roughly with the months December to March and April through

EOGEmber,'reapegﬁiyely.z But,fhese fatter seasqnél divisiong are ﬁ;t un-—

varying; a look at the statistics of the isiand's recent climatic paét

‘would show that very often the so-called cool season may be of a longer

duration, while the length of the 'normal' warm season may contract.

Air Temperature

It is a known fact that the gir température ove; Barbados is 1argel;
determined by the temperature of the northeast trades®which blow con-
stantly from over the warm North Atlant¥e ocean. Since, as alre;;y poiﬂ@pﬂ‘;
out, there is liétle variation'in sea surface temperaturé throughout the

year, it is not surprisiﬁg that there is little diprnal or annual v§ria—
tion in air temperature over the island. Similarly, becausé of the rela- !
giVely flat naﬁpre'of the island, air temperatures recorded show very 1i£€§g
spatial varié{ion. At the same time the isl'and is very small and hence no
point isltoo far Inland to gscape‘the influence of the winds blowing.from

over the surrounding ocean. However, it has been suggested that tempera- .

tures in the "highland' areas (generally above 300 mefres) may be about

‘2Skeete, C.C., An Historical Description of the Weather of the Island

of Barbados West Indies - 1901 to 1960, Barbados Gov't. Printing Office,
1963. :
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2-3% below’théft recorded in lowland and coastal reg:Lon.s.3 -
Usuallx, temﬁet"atures seldom exceed 33°C ®br fall below 16°C. 1In
fact, temperature data for the island for the perlod 1903-1975 show tha‘t

v

there zés a ;E’ean annual temperature of 26.3°C . Figure ‘1 shows ‘th‘e annual
variaticn about this mean. ~.0\zer' 'the same period the highest and lowest

mean monthly temperatures were réf:orded in. the monghé of Augdst dnd Feb-
ru,aryy; 'reabégtively.' The méari for‘*‘A'ugust for the '73-3‘r‘ear period vas ey
) -27.060, while ‘it was 2{5.906‘ for February, thereby giviné a mean ;:angé of

only 2.1% between the warmest and coolest mbn't‘hs.'

To furtherpo.nfim that 'ther-e is no signifi;cant annual variation in

. thé island's tlemper.ature‘ statistic, the standard deviation ( ¢ ) and co-

efficient of variation (V) of. m'ea)n annual ::emperature were galcqlated._ .
These measures of central tendency can serve: as reasonable indices of
variability and dispersion in any data; set. In the case of the Barbados
data, the values for the_ standard deviation and coeffiaient of variation

were +0.61 and 2.3%, respectively. .

As mentioned elsewvhere, temperatures tend to be lowest.d‘uring.ehg'
period Décbe;r to March. .The reduct ion in temperature at this 'time of
the year is the result of, and co:l.ncide.s with, the movement of the sun
south of the equator (with reduced angle in the sky) and the asx;ocigted re-
duction in sea surface temperatu-re. Constrastingly, 'a'i_r temperatures
are normally highest during M.;y - August when there is maxi:ﬂum.recgipt of)'
solar radiation at the latitude of Barbados. During the h‘eight of the wet

seagon, ‘however, a slight decrease in temperature is normally r.ecorded;

this is étttibuta‘ﬁle partly to increased cloud cover which reduces the "

_'BSkeete',__n,p.._cit. » p-8.
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" receipt of incoming, short-wave radiation at the surface, and partly to

n v& loss of heat used up in evaporat&ng_?art of the rainfall As a result when-

]
‘ever there are prolonged dry’ spells during the normal wet season, almost

invariably there is an increasé in air temperature. »
C. Suxﬁliine 2 : - , ‘ : . ‘ ‘ . ’
“No sunshine?data were taken at Barbadoe'before'the yeat 1929‘ and the
\:.reliable record of the parameter only extends as far back as 1937 Like
P atmospheric temperature, sunshine duration is relatively constant from

'month to month and hardly exhibits any spatial variation over the island N

i

) Perhaps the only exceptions are the months “of September, October and Novem-‘

-

bei;when there tends to be a slight reduction in sunshine hours. -
Over the period 1937 to 1975, figures,for the 1sland ShOW‘th&t'the
mean'daily sunshine duration was'apprOXimately 8.4 hours. A further ex-
.‘._ ' '

amination of the daf% reveals at the months of April and Octoher experi—

IS

o enced the greatest and least mber of hours of fean dailly sunshine, re~
spectively. For the 39-year.period which the record covers, April had a
mean of approximately 8.9, whereas Octoher Tecorded a mean daily figure of

" 7.7 sunshine hours: in other words, the.diffggence.inemean daily sunshlne_
"houxs heteeen the‘two monthe is only 1.2 hours. At the same tine it ghould
aleo be pointed out that the»greateét and.leaat number of mean daily hours

A of sunahine‘duration reeorde& were. 10.3 hours'(May 1941) and 4.6 -hours
’(Nov. 1939), respectively.' - L ‘ R

It may be of some interest to note that the months of highest and
-lowest number of sunshine ‘hours show a slight positive relationship with

the dry and wet séasons, respectively. As the rainy Beason a%vances with

its associated increase in cloud cover,-there‘tends to be a_fairly pre-

. .. o, .
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gible.effeet on sunghine duration. In 1929 a sunshine recorder was set

dictable decrease in the num%er of sunshine hours recorded, As might also

" 'be expected, the months with the greatest and least number of sunshine,

R 5]
hours tend to coincide (at least'appfoximacely) with the "warm" and "cool"

3

s€asons.

Ay

s ~

It appears that at the latitude of garbados, elevation has a deglii

up at Lion Castle,.a‘highland station at 274.6m eleVatiQn. It was found ‘
/‘ &)
that there was no significant difference betWeen the number of sunshine

hours recorded there and that recorded at Seawell and Codrington.4 The
results of éhis experiment appear reliable since similar findings haVe

been reported from the-neigh?ouring island of Jamaica to the northwest.5

£
>

. Cloud Cover o . &

Convectional é&;e clouds tend to predominate over the igland of Bar-
bados. There are several variations of these cleuds which range from the
relatively small and'shailow cuwnulus humilis to the great cumilus congestus

- @ )
and cwmulonimbus. Generally, cumulonimbus and cumulus congestus dre more

frequently seen during the monthg of July to October amd therefore show

rough correspondence with the wet season., On the other hand, the smaller

cumulus humilis type tends to be a fairly common sight during the normal dry

Ut
season. ‘It must be emphasized, however, that these are merely general

tendencies observed over a §Eriod of years.

APersonal communication with C.C. Skeete, former Director of Agri-
culture, Ministry of Agriculture, Lands and Fisheries C

5See The Climate of Jamaica ~ First edition prepared by the Clima-
tology Bramch of the Jamaican Meteorological Service, 1973, p. 62.
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‘velocities might easily favour a more rapid build up and formatagﬁ of cloud @&

7S o

Although the island is small, it is often possible to find variations
«

in amount of cloud from péint to point. For instance, data for the for-
mer climatological station at Codri;gton. St. Michael, reveal that over
the period 1931 to 1958, the monéhly mean cloud amount was 5.4 oktas, {
ranging from a hi;h of 7.0 oktas 1n 1950 to a low of 3 6 oktas in the |
year 1942. ' Data from _the National Meteorological Office at Seawell,
Christ Church on the other hand, show a meéan. of 3.6 oktas, with the
highest and 1owest mean amounts being 5.5 and 2.8 oktas in 1972 and 1949, " /,
resﬁéctively. Figure 2 ‘portrays the mean ané;al cloud amount of the twoA |

s;ations.
' The slight difference in cloud amount recorded at these two stations
can perhaps be attributed to differences in location and topoclimatic

factors. Codrington 57.9 metres above-sea-level, is located at approxi-

mately latitude 13° 08'N, longitude 59° 36'W, while Seawell-is situated at

~ latitude 13° 04'N, longitude 59° 30'W and is very near to the southeast

L3

coast. Wind speed could also be an 1mp6rtant factor. On the average,
wind speeds are lower at Cédrington than at Seawell; hence; these reduced
L - ‘ . . .
at Codrington.
It has been observed that clouduamounts over Barbados are aleost al-

wayg higﬁeat during the day and lowest at night, especially between 8§ p.m. .

and 2 a.m. $§sxa general rule clouds also tend to build up more easily

over the éréas of higher elevation.6 At the same time, it has been found

Blamdin i gl o
¢

that clouds oVer the island often build up in ‘cloud streets' and tend to

P

6S'ee, ?;é_:instance, Rocheford, op, cit., p. 6.

-
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FLUCTUATIONS IN MEAN ANNUAL CLOUD “-AMDUNT
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align themselves ‘with the prevailing wind. This abparently 1s a feature "'

.

of cumulus development im tropical areas, but go far no satisfacto-ry ex-

/ ] . . .
planation has been advanced. It is speculated that this.phenomenon may
be related to the boundary yer - structure ~_'o“f..‘ti1e.cloud-and to wind sbé'ed.7
g N3E. Wind . :
’? ::“-‘ R . »” . 1\ N .
e ) Siuce Barbados is sltuated wit ,in the belt of the TrOpical Easterlies

PR VEE -l .
L e 18 most frequently under the influence of winds blowing from directions ‘

\

: between east and east—north—-easr.. However, there are occasions when the

winds blow from other directions fot short periods. For example', during

Mil aad'May the direction often shif‘ts to’ east-aouth-east, whereas dur'ing o .
. ./ 5

August 0 November, pecially with the approach. of sporadic easterly waves, ‘ A ' ‘

J

‘the predo 1nant: directiﬁn could be south—south-east or south. Again, it

* may be safer stated that .air flow is _'hard‘ly SOuth westerely,' ‘wester]_.y;‘ o'w

el

. 4 . - . . . .
north westerly; the only occasions on which wind currents blow from thegée” -. :

s

1 . , Y

--‘.directions are during;th'e passgge/of cyclonic disturbances. )

1{‘01? the most part wind speeds are highest dlir_ing the .mont;hs 'qf January

. -7 : : y - - v )
to July and ~lbwest from 'Aug‘ust to Dece‘mber. This pattern is apparéﬁtly‘ ' ‘
G' characteristic of. the whole island. This is borne out; by anelysis of the , ‘

data from the climat{ological stations at Codrington and SeaWell. For- in-—‘ :

) ~stance., wind records from Seawell show that over the 34—year period (1942- . 3
/{ ' e e v
. ' 1975) the mb”ntha January ta July had a mean wind speed of approximately

S ma

o : : . 5.0 ms -1 while a mean: of 4. O ma -1, “was recorded during the months of August

‘ 4
- through December. Similarly, .the means for Codrington (1903—1962) were

. . .
- [

-

', A : 7Barry, ﬁ G. and Chorley, R, J., Atmosphere, Weather and Climace, 3rd
edition, Het:huen, 1976, p. 282..
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f. 1955 wind velocities exceeding 50 ma -1 were recorded before the anem— . 'zf{ ?z;i

[ g a " '. ‘ @
' o -1 S R
_around 4.§ ms ~ and 3.6-ms ~, respectively.
On occasions during the year, ‘the trades msp slacken considerably
and light variable winds, sometimes virtual calms, may be experienced1
: ' = " ’ ’ . ¢

This oeeurs rather infrequently however; for usually mean daily wind\

velocities hardly drop below 2.5 ms } or exceed lO ms_ll It is important

. point out though that when the island's weather is being affected

by easterly waves, tropi&al depressions ot other synoptic scale systems, ‘? : {ffi

;;1 short gusts qormally between 13—20 ms 1. can be recorded.- It is estimated

fgr instance, that during the passage of hurricane 'Janet' in September -

ometers at. Seawell and Codrington fgiled h,; - '

e T LR i oL -

F. Atmospherit Pressure . S - o,

oy

R s
r “. . . S B
. -a

- Pressure of the atmosphere over Barbados tends to assume much the

" same temporal pattern as the wind regime. The‘data suggest positive cor-

_relation»betweenrperiods of higher wind speeds-and higher:air'pressure and’ e

ﬂlower wind speeds andgreduced air pressure (except:with the p;;;%ge of ‘ﬂ e

H

troqieal storms, and hurricanes) Thefpfessureirecorded‘clearly'reveals :;
" that’ on aveérage, higher pressure values persist during the first ‘seven:
months of the :year, but show a slight decrease from August to. Decqnber.
For example, the island mean air pressure for the peridﬁ 1903—1975 :

(at mean sea 1evel) during the months January £o July was 1013 6 millibars,

' whereas it dropped o, -1012.0 millibars for: thefmonths of August o December.

The highest and lowest mesn monthly values of presaure were recorded in
: - = . . . S - :
the months of July and November, with 1014.1 and 1011.1 millibars,.re- - -

gpectively. Generally, the months of reducedatmospherh:pressure usually

A

- -
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'-coinc:l.de roughly with the wet season and also- with the normal ‘hqtricane L R
. ' season ‘Lwhen incipieé?t stqrms and cyclonic disturbances affect the :lsland' i
) weathéx. AN o 3 - Sl "._’.:' ' SRR
For&he most part the air pressure at ,Barbadoa seldom exeeeds 10110 5 - . :
millibars\ o\(‘ falls below 1008 mﬂlibars. In fact, the island mean \pver e S

the 73—yeat\pe‘r\§)d was approximately 1013 0 milllibars wh:lch :Ls not signi— e

Rt ficantly different from the January to July mean. ' However, when Erqpi,;:al

,A R .—‘ W

depress:lone storms'orhurricanes pass close by or dirlectly over the .'.~',{

k J- | islsnd air pressure m:lght ylunge to as low -aa 988 0 millibars.sj Itf seem's»‘,'.-‘_.‘ B
L R ‘\ —an . s

: fairly evident theretiore, that eince annual essure fluctuations are tu R

.. v T
. B ¥

Aa iarge J\ gree,attribLtable to the influence of. synoptic scale d:l.sturbances,

the degree of fluctuation wi.ll vary anpually. a e . "“. ,' id 4 O “
vG.v,Relative Humidity e <L, T e T R

A = As might be expected me | relative hmnidity values are relat:lvely

Kl A

B constant throughout th’-’« year, but mean monthly values tend to 1ncreaso ST

dur:l.ug the months June th ough December. Con\tersely, monthly\mean values L

of relatiVe humidit{show a slight but notieeable decrease during the first .' -

half of the year, These periods of- high and reduced mean humid:l.ty values

' ' .correspoud close&y wllth the already defined wet end dry seasons, _hence, :Lt
. ia not surprising to find that the: :leand e.xhibits this sort ‘of pattern :I.n n L

d.ts humid:l.ty regime. :- : _‘ o R o
2 | P o Hean relative hum dity data for Cod@ington and Seawell atations show -
5‘ e J Lo that over. the period ‘ot record there was a mean annual value of 702 and .

) ‘ o | 'GSkeete (1963) reports that durlng the passage of hurncane Janet the ..‘ . §5§;‘

' ”preasureudropped to = low of 990 5. mbsu N O R+ 4

' ‘ - N '_‘.'. ' B ":: “ ,é;»""""
i 0 ' : S N
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16%, respec:tively.'9 The mean monthly relative humidity for ﬂw/e months
January to May at Codrington was only 687% but ifcreased to 73% {from
June to December. Similarly, at Seawell, the January to May mean was 70%,

whereas a mean value of 78% was recorded for the other months of the year.

It might be nmoted that although the annual regimes are similar, the mean

" values of relative humidity are about 3% higher at Seawell' than-at Cod-

rington. It has alfeady been pointed out that Codrington is a relatdively

»

low-lying station about: 3 kilometres or so inland from the coast; because

of this there is a slight reduction in moisture content of the air at that

.sb%;ion.
S

¥

» Humidit;’is 4 climatic parameter which is known to be highly tempera-
ture-dependent; usually other variables held constant, the warmer the air,
the greater its moisture content. For this reason, mean ;ﬁnual air tem-

. )
perature and mean annual relative humidity values for the two stations
were correlated statistically. 1In the case of theﬁCodrington data the
correlation coe£ficienﬁ (r) was +0.65 whereas a slightly higher coefficient
+0.68 was caichated from the Seawell data. When the Student't 4 test’
was applied, these values were found to be significant at the .61% level.
By extension, it might be concluded that given the annual regimes exhibited
in the various climati; parameters discussed above, one could also expect
relatively high correlation between humidity and wiéd and air pressure.
Fig. 3 gives some idea of the relationship between mean humidity and pres-

sure fluctuations for Seawell and Codrington.

9C‘odrington.data cover the years 1931-64, whereas Seawell data span

the 34 year period 1942-75. , . -
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. Rainfall

Rainfall is the only climatic variable which reveals any substantial

spatial variation in amount over Barbados (see figure 4). The mean annual

rainfall total for the island as a whole is approximately 1397-1524 mm.
However, this value can hardly give an accurate assessment of temporal

&
variations in rainfall over the island; for in soFe years the mean annual
rainfall total is significantly higher while  in others the value is al;—‘
preciably lower.

Data .from seven c:refuliy selected stationslo will serve to substan-
tiate this (see fig. 5). For instance, over the period which the data
cover the mean annual total rainfail varied from as low as 1136.7 mm. at
Central Station, Bridgetown,to as high as 2153.9 mm. at Lion Castle, St.
Thomas. Table 1 below gives tl:‘1e mean annual- rainfall totals from the
seven statiomns for théir resp.ective period of record. DBut a more meaning-
ful index of temporal variabé,lity is the ;.*.oefficient of variation; 'ﬂthis
index was calculated for each of the selected stations and ranged from
20.9% to 74%. Barbados rainfall is such a highly variable parameter tem-
posally that a look at Table 2 reveals that in every case, the coefficient

of varilation exceeds 20%. ‘

It has been found that areas which record the highest rainfall totals
also have the lowest coefficient of variation. This again 1s borne out to
s .

a large extent by the data from the seven stations selected (see tables 1

and 2). Similarly, the normal dry season months tend to have far higher

10See Chapter 2 for details of criteria used in selecting rainfall
stations.

14
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Table 1 -
Mean Annual Rainfall for Seven Selected Stations
\
Station All;itude Period of Mean - w
- Record ’
Central 6.5m .V 1900-68 1136 . 7mm
District ’C' 30.5m 1900-75 1293. 2mn
District ‘E' 30. 7m " 1900-75 1651 .5mm o
District 'F! 289 .6m 1900-75 1391.43%;\
Holetown 2.0m 1900-75 1436 . 8mm
lion Castle” 274 ,6m 1900-75 2153. 9mm
Searles . 85.3m 1900-75 1290 . Smm
a
Table 2

Coefficient of Variationfof Annual Rainfall for Seven Selected Stations

Station Location Coefficient of
a Variation N
Central 13°05'N, 59°36'W 74.0%
District 'C' 13°08'N, 59°29'W 66.5% °
&
pistrict ‘E' 13°15'N, 59°37'W 30.4%
District 'F' 13°12'N, 59°33'w 54.7% i
Holetown 13°11'N, 59°37'W 49.9% -
Lion Castle 13°11'N, 59°35'W 20.92 3.5
Opcy (- JA o 5 :"-
, 59°31'W 66.9% % .
Searle% 13°05°'N, 5 L
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FIG. 5 -

MAP SHOWING LOCATION OF SEVEN SELECTED
RAINFALL STATIONS
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variability coefficients than those of the wet season. In fact, one re-
cent study has shown that difing the dry season the coefficient of wvaria-

tion for most starions on the island exceeds 60%, whereas the index never

11

]

exceeds 357 during the normal wet season months.
Topography and altitude are also known to exert some :Lnfluehce on

the amount dand distribution of rainfall over Barbados. ‘In fact, so ‘dis-;

tinctly marked is this influence that a three—zone rainfall classification,

based on altitude, has been proposed for the island. ' There 18 a 'low

rainfall‘zone under 61 metres above-gsea-level , which receives between

1117 6~ 1447 8 mm., a med.ium zone' above 61 metres but under 244 "meties
vhich receives between 1473.2 - 1981.2 mm, and a ‘high rainfall zone'
above 244 metres which receives a mean annual total exceeding 2006.6 mm.12

Usually, the greater the elevation of a statiog:"’the higher is its mean an-

nual rainfall., Hence, owing to the elevation factox, the cen-

[

" tral districts of the island generally tend to receive higher rainfall

totals than other areas. This spatial disparity in rainfall receipt can
be attributed partly to the direct effecf of the trade winds blowing from~

the east and east—north—east in assaciation with altitud®..

r
-

4

Altogether, at least 657 of the annual 'raiqfall falls during the normal
wvet season, 1eaving’on1y 35% at most for the other part of the year.
L% ' - ' :
The ‘extent to which this is demonstrated \h\tz‘he Barbados data is quite re~

markable., Taking the wet ‘season as éxtendiﬁg from June to November, care-

\

Lirios$ $ J.F. and Farnum, F, C » A Rainfall Study for Barbados,
Part 2. Maps of Isopercental Values and Relative. Variabilitl of Rainfall,
1937-70, Caxr'ibbean Meteorological Institute, 1972.

12 Rouse, W.R., Moisture Balance of Barbades and its Influence on
Sugar Cane Yields — unpublished M.S¢. thesis, McGill University, 1962,1 p.55. "
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Relative Seasonal Amounts of Rainfall as a Pei:centage of Annual Total

Station Dry Season % 4 Wet Season %
Central B 30.6% 69.4%
o i '
Pistrict et 27.9% : 72:.1%
District 'E' ' 31.8% 68.2% .
¢ District 'F' : 32.0% _ 68.0%
- . ' LY .
Holetown 28.5% . 71.5% * ‘
Lion Castle - 29.3% 70.7% '
. . o ‘
Searles T 29.7% . 70.3%
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ful analysis of the rainfall data for all selected stations shows that

mean wet season rainfall ranged from approximately 68-72% expressed as

a percentage of the mean annual rainfall total. T\ahle 3 above gi\;es t

20

he

relative seasonal amounts o( rainfall for the seven stations calculated

as a percentage of the annual tytal.

-

_The climate of Barbados then may be described as -equable with

slight variation. With the exception of rainfall, there 1s hardly any

substantial annpal variation demondtrated in the various climatic para—

' !
meters. Topography and altitude almost totally ’n:‘ietermine any climatié

variation between different locations.on the island; these controls are

especially determinant in yhe ca'sé of rainfall and cloud cover.

Yet climate, no matter how equable 1t may seem, 18 pnever invariant.

L 4
Climates at all latitudes have shown fluctuations from time to time,
o

though the tate and direction of change have varied spatially over dif-

S
ferent time periods, The climate of Barbados is no exception 1in this

respect. For it is against this background that the vatriations, rhythms,

periodicities, 4if any, and. trends in the island's climatic data will be

analysed in the chapters wﬁ’i‘c‘h follow.

5\
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Chapter 2 <

Data and Methodology v

The present study focuses on three main aims: (15 to identify
long~term fluctuations and trends in selected climatic param:ters for
Barbados since 1900; (ii) to establish the degree and rate of éhange in
frequency of selected synoptic scale weather systems, namély (a) tropi-
cal de;)ressionai "and storms (b) hurrican‘es (c) ]fcal convectional (thﬁnder)
‘stl:or.ms; (11i) to gompare and relate thetse fluctuations to (a) postulated
hemispheric changes and (b) to other 1ow—1atitude'c11matic [luctuations
and circulation changes which have i:ecently been observed. Therefore,
it 1is p'rimarily with these pbjectives in mind that the methodology out—

lined below was chosen.

¥

. Data Collection

There are two stations on the island from which data on temperature,
pressuré, wind, sunshine, relative humidity apd cloud amount were avail-—
able.13 These are Codrington Climatological Station’m and g‘.‘gawell, the
island's national weather office. Wim.i, t‘emperature and barometric pres-
sure dgta were avallable f;ar Codrington Station from 1903-1960, bumidity
from 1931-1964, cloud amount from 1931-1958 and sunshiine hours from 1937-
1960. Da% from Seawell for all the above parameters do >n0t extend as

fa;: back in time as those for Codrington and only cover the period 1@2-

1975.

E‘xlkll ata collected as monthly and annual means.

J‘M'Cod ngton Station ceased operation at the end of December 1969.

It should firther be noted that there is no evidence of inhomogeneity in
any of the alove weather parameters at the two stations,

—y— -, . B R

21




A ¥, ¢

S

A

L?all there is no significant spatial variation exhibited by these para-

] s | 2,

These weather data from both stations were compiled following

standard meteorological procedure. TFor instance, the mean monthly

temperature data. were calculated as:

Méan Maximum + Mean Minimum

2
&

< -
and mean sea level pressure, humidity, wind and cloud data were com=-

puted as the average of reddings taken at successive three-hourly in-
N > :

tervald, nawely 00, 03, 06, 09, 1200, 1500, 1800 and 2100 hours GN

It has already been shown in chapter 1 that with the exception of rain- -

o

meters over the island. When these data for'Codrington. and Seawell were

computed over the same period of years (1942-1960), hardly any difference

.

could be found between individual values for the t‘fo stations. As a
matter of factyp the mean ﬁmual values of .temperature, pressure, humidity
and sunshine tended to be very similar in both instances (see Appendix I1).

Hence, the weather data for the two stations were averaged and the values

derived taken as the island mean.

Since one of the main aims of the research was[\ghe identification" ;

of long-term trends in weather data, it was decided that only rainfall

stations with at least fifty years of rainfall data would be used in t_hg ‘

N

on the island, but of these"onf[y eighteen met the above criterion,
: ) -

The gauge sites at these eighteen stations were visited and assessed

analysis. There are presently some forty-eight primary raxfall statdions

B - -
in the comtext of standards laid down by the World Meteorological Organi-

zation in 1971.15 Eleven of the stations were further eliminal:ed because

Al

15See Guide to Meteorological Instrument and Observing Practices -
WMO, No. 8, TP. 3, 1971, Geneva, Switzerland, Chapter 7.




of (1) inadequate siting of gauges (11) frequenthshifts in the location

of gauges and (1115 several long periods of missing records 'in the data
sets. The seven Femaining stations (all of which were used in the study)
along with their respecti‘ve periods of feqord, approximate altitude and
mean rainfall are listed in Table 1. . .

"All rainfall’ data were made available from: the records kept -at the

) ~Caribbean M'ete'orologicai Inat'it"ude, St. James, Barbados. Data for all

othet weather variables, including the monthly total number of rain days

_WChe sample atationa were obtained: from the Meteorological

Office at Seawell Adxrport. Locally, a rain da f£ined as .any day -

during which at least 0.25 mm, pf rain is recorded.

Data on the frequency of tropjcal storma,'.hurricane.s and local con-
v !

vectional storms were also collected. These were extracted from the

records compiled by C.C. Skeete, 196316 and’ 197317 and from files sqpplied

- by the Meteorological Office. These dété cover the period 19001975 ex-~

cept in the case of local convectional storms whose data period ends at

1970.

_Methodologi-f:él Procedure ‘. o - . .

Before any form of statistical analytsds was attempted all ‘'raw’

data, including rainfall were key-—punched, etored on magnetic tape and .

,plotted by an IBM/System 370 computer The programme used for pl..ottit_ig

¢
B @
16 :
Skeete, ‘op. cit., pp. 28-36

Skeete, C. C., The weather in Barbadosg 1961—1970. Supplement to )
an Historical Description of the Weather 6f thé Island of Barbados, West

Indies During the Period 1901 to 1960. Barbados Gov't Printing Offfice,

973, pp. 6-8. The writer has been assured, through personal communica-
tion with'Mr. C.C. Skeete, that the methods -and cri teria jused for identi-

fying these phenomena remained homogeneous for the entire period.

-
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was designed by California Computer Products Incorporated (CALCOMP) in
June 1968 and' written in FORTRAN G. level la‘nguage{' It utilizes the

!
CALCOMP of £~1ine pen-plotting system. This was doﬁe in order to achieve

a graphic portrayal of,the nature of the temporal/’and gspatial variations
- /

represented 1n the data sets (see Appendix II).

In view of objecg:ive,q(i) above, the'method,' of plotting thoving
averages.was employed; to "‘s‘mootp: Eh_é or__igir_\a’ data series.’ Basic-ai’lj,

this technique eliminates the rapid, short period, random osci_liatioqs
co. ' . o

'

4

in the data set so that the longer period” variations can be readily dden-

tified. Tl}ié technique is8 widely used din studies of climatic change.

It has been employed, for "instance, by such workers as Callendar (1‘954), )

d Johuson (1959 Dzerdzeevekii (1963).

The application of the technique is simple and so too are the com-

putations involved. Given any set of values Xf, X, .. e X in a time

2

geries, a Z-period'moving average 1s defined by a sequence of aritlmetic

means thus:

X+ Xy kX, Xk Ky Xy X b X, X s

Z Z , Z

®
S SIS ST &

z

Five and ten year moving averages were computed for mean annual values

of temperature, pressure, relative humidity,' wind , sunsh:lne; cloud amount

L™
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and total annual rain days.

of rainfall for the'seven sample stations, flve, ten an‘d -f:wenty“’month

periods formed the basia for computation of these averages. “These speci-—

fic moving average periods were choeen in order t:o suppresa the ampl itude-'

of the known seasonal a.nd armual variations alneady discussed :ln chapter

1. The new, smoothed data aequences ware fglso transferred to . tape and

Plotred. . : ) Co ' Lo .‘4 . ’ 1:‘,~. ‘w-,:

A statistical test of significance was zrpplied to selected sample

mEAans extracted from the moving averages calculated.

formed in' qrder to.determine whether or not there was any significant’

difference between the nfeew-lfre'infal}l.of speciﬂie f_luctliatio'n periods.
The test known' as the Student's i 1s an index which provides a measure

)

of the relationship bet:weeh the. difference betvéen the means and the

standard error .bf tnis difference.:l"s It is performed by applying the

. . .'..' - 1” . . / . s .
e t = 2 : ? S . Q .

formula:

\ w‘nere 2, b are the means of samples a and b respectively,

a ”b repreaent the. variance of the two samples,

Ny By répresem: the' si?’.e of the samplea a and b, respect:l‘.\'rely.. .

', - and
: 'l‘he level of significance of the inde:x for £ so derived is dete‘rmined by

. applying tables of " the Student's t distribution, w:l.th n-2 degrees of

- . . . . . 4 .
-, . - ;

: Gregory, S., Statistical Hethods and the Geographer Lougman, 3rd ’
f.'ed., 1973, p 141. o . R ,

Where monthly data were used, as in the case"

This test . vas per—-' :

ey e d
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freedom (see chapter 4). flu

The method of integral-difference curves was employed in the ana-

<]

lysis of'the mean annual rainfall data. This involves the calculation
of residuals between individual values and population means, which are
successivély cumulated and—piotted. This technique is. especially use-
ful for analysing long-term trends in variableé which‘tend to fluctuate
rapidly through‘time. Further, although the resulting graphs do not
show actual values, they nevertheless give‘a clear indication of the .
onset and ending of fluctuations and prévide g good measure o? the
reigtive rate of chan;e of trend. Igfeéral-difference.c;#ves were used
Qy Krauslg‘in a'squy of secular éhanges of tropical rainfall and more
recently by Batta}ovzo wﬁo ﬁtuqied long-ferm fluctuations of precipi-
tation-§ﬁ thi U.S5.S5.R.

Th; protedure adopted "by ﬁatcalov was closgly followed in the com-

putation of these residuals. Residual values (K) were derived from the

exptession:

4

L - ' \
vhere Q; ‘is the rainfall fzs the ith year of record,
. [
Qav is the long-tetrm mean,

and a is a éorrection factor computed from: - ‘-

Frey

19Kraus, E.B., "Secular Changes of Tropical Rainfall Regimes,"
Quart. J. Roy. Met, Soc., 81, 18955, pp. 198-210.

2OBattalov, F.Z., Long-term Fluctuations of Atmospheric Precipita-—
tion and Computation of Precipitation Averages, Trans. from Russian by

02

" A. Barouch, edited by P. Greenberg - Israel Program for Scientific Trans.

Ltd., 1971. - .

»
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n

where 7 is the number of years in the data set. The: correction factor
(a) is applied so that the totals of positive and negative deviations,

from the mean are equalized. Hence, this “has tbéreffect.of making the

curves symmetrical with respect to the mean line.?! -

The relationship over the period 1900-1975 between rainféll and

/

all oth#t weather variables was investigated. Essentially, this was
done in an atkempt to determine the best combination of weather Véria~
bles to which the long-term variance in rainfall at different locatiors

in space could be attributed. It was felt.that this type of analysis

-

could throw some light on the possible causes of long-term fluctuations

.

on the island. It was employed to help to determine which specific

'

weather variables, over the period of study, appear to be most closely
associated with rainfall fluctuations at individual locations. Canoni-

cal correlation was, therefore, selected as the most appropriate ana-
. . t
lytical device, Basically, canonical analysis describes the inter-

correlation between two variable sets. In the case of the Barbados

v

"data, the first variable set (the criteria variables) comprised’.monthly

rainfall totals for the seven Eample stapiéﬁs, while mean monthly tem-

+ %

perature, mean sea level pressure, wind speed, sunshine, relative humid-

ity and cloud amount constituted the variables of the second set (the

predictor variables),

21Battalov, op. cit., p. 10.
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The apE}ication of the technique and the associated mathematical
model are explained by Cooley and Lohnes.22 Given any get of p pre-
dictor variables and g criteria variables, the super matrix Y of order

(p + q) may be subdivided into four submatrices so that:

where Y11 is the matrix ofpinter-correlations between the p predictor

variables,

-

Y27 is the matrix of inter—corrclations between the g criteria
variables,

Yi2 is the matrix of inter-correlations between the p predictd%
and q criteria variables, and

Y91y is the transpose of matrix Yyp . °

These submatrices are then substituted into the equation.

-1 -1
U2 ¥21 Y 11712 ~A; D B; =0
- 23
where xi are the latent roots
I is an identity matrix >

and Bi is the characterigtic vector aggociated with the latent roots

of the criteria variables computed from:

22 Cooley, W.W. and Lohnes, P.R., Multivariate Procedures for
the Behavioral Sciences, Wiley, New York, 1962.

23The latent root indicates the size of the patterns which are

common to the two sets of data.

13
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Similarly, the corresponding vector associated with the predictor

variables is calculated from:

' -1
o0y = Gy Yy BNy

J
e

The coefficients ) and Bi are computed in order to achieve the best
correlation estimate between the canonical variates. The canonical
correlation (Rc) between the ith pair of composites is the square root
of the ith latent root or /3i;—_. The first canonical coéfficient
determiﬁed always shows the stréngest correlation between the two sets
of variables. All other coefficients portray progressively weaker and
possibly lesser important telationships.

The canonical c;rrelates were also tested for significance. This

-

was done by defining: \ ]

q .
A =1 (l-Xi); g <p

The Xz distribution with pqg degrees of freedom is related to A thus:

2 _ ;
X" = - [B~0.5 (p + q + 1}] log A

’

The level of signiFicance of the index thereby derived may then be /
determined by applying xz tables. It may also be used as a means of test-
ing the null hypothesis (Ho) that the p variates are not related to the'q

L4
variates, ) ’ . N

»

)
Since long data sequences were used in this instance, altogether(ln—

corporating some 13 different variables, excessive mathematical computa=

b
t

tions were involved. As a result, the data sets. were arranged and
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coded to meet the specifications of a computer package programme designed
to perform canonical analysis. In this regard two separa{g decks of
punched cards were used. Oun the first set all monthly.rainfall data for )
the seven sample stations were key—punched, while the other deck contained
coxresponding m;nthly values for temperature, pressdre, wind speed, rela-
tive humidity, sunshine hours and cloud amount. The programme was pre-
pared by the University of Alberta, Division of Educational Research .
Service Computer Program Documentation, August, 1969. It is written in

FORTRAN H level language. , ' .

o —— e e b e .



& Chapter 3

Fluctuations and Trends in Climatic Parareters Since 1900 *

>

A. Global-Temperature Trends

There is substantial evidence to show that there has been marked
variation in global climate and certa%s identifiable trends in various .
climatic patameters from earliest civilization to the present. Within
receﬁt times Slimatologists have focussed much attention on thi; subject
and have found varying rates and directions of change both épatiaily and
tem?orally. Consequently, an extensive literature has been build up
around the subject. 'The work of researchers, such as Lamb (1966), Kraus
(1955 and 1958), Bryson (1974) and Kalnicky (1974), are merely a few
examples. ' . - ¥

In wost of these studies, however, workers have tended to concen-
tr;te on analysing variation and’change in only a few climatic variableés,
usually air temperature,tpreéipitacion or atmospheric pressure. This
practice has obviqus shortcomingé; for these aré not all the variables
which make up thé sum totalvof climate. It is here contended, therefore,
that anylbtudy which sets out to analyse climatic fluctuations should
‘embrace as wide a spectrum of va;iables as possible. In this chapter
an attempt will be made to idgntify fluctuations and trends im various
weather éarameters recorded at Barbados. These variables 1nclﬁde alr
'temperatﬁfe, atmospheric pressure and wind veloéity from 1903-1975; rela-
tive humidity and cloud amount from 1931-1975; and hours of gqnshine

duracion between the years 1937-75. One notable exclusion from this

1list is rainfall; since this variable exhibits such great variatiom both
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in time "and space{ it will be anglysed separately in the next ;hapter.

It has been postulated that there was a global increase in air
temperature from about the late nineteenth century to about 1940 and a
cooling trend since then to the present. For instance, Lysgaard24 has {\\‘/
shown that the increase represented a rise of approximately 0.6°C dur-
ing this period; a finding which was 1at;r substantiateé by Lamb and
Johnson.25 At the same time, Longley26 f&und a trend of risiﬂg tempera-~
tures for the wﬂole df Canada from 1900 to 1946, afte;'which period the
western half of the country experienced a cooling.trend. Similarly,
Bubinshsteinz? in a detailed analysis -of climatic cﬁ;ngee in the.U.S;S.R.
found a warming trénd from about 1880 which culminatéd’in the western
part of the country around 1930 but in other areas continued up to as
late as 1950. ‘

To some extent there seems to have been some duplication of these
postulated tepperaf?re trends in some low latitude regions as well. As
J.M. Mitchell put ‘it,

"....the tropics have shared in the secular warming of the past

century as well as in a tendency for cooling since the 1940's"28

24Lysgaard, L., "Recent Climatic Fluctuations" - Folia Geopraphica
Danica, 5, Copenhagen, 1949, pp. 20-34.

25Lamb H.H. and Johnson, A.I., "Climatic Variations and Observed
Changes in the General Circulation", Geografiaka Annaler, ¥LI, 1959,
pPP. 94-133. .

§Longley, R.W., Proceedings, Toronto Meteorological Conference -~
Royal Meteorological Society, 1953, pp. 207-211.

27Rubinshstein, E.S., On Changes of Climate in the USSR During Recent
Decades; in A.I. Voeikov and the Contemporary Problems in Climatology,
Canadian Meteorological Branch Trans. no. 3, Hydromet Pub, House, 1959,
pP. 123-174.
23Mitchell, J.M., On the Worldwide Pattern of Secular Temperature
Change; 'in Changes of Climate, Proceedings of the Rome Symposium Organized

by UNESCO and the World Meteorological Organizationm, 1963, p. 162.
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One study undertaken in 1963 suggests that there might have been signi-
ficant changes in temperature at Algiers and the Northern‘Sahara region
during the twentieth century. For example, the séudy reveals that dur-
ing the period 1921-1931 there was an increase of approximately 0.9OC -

[
1°C over the means of the period 1902-1220.29 Another study conducted

-

by Hofmeyr and Schulze30 shows that at statlons 0'Kiep and Cape Town
‘in South Africa there was an annual temperature increase of nearly 0.3
between 1901 and 1930,after which the trend continued but at a much ;e—
duced réte.t Theseltrenda'have’also been identified in arcas in and
‘around the Tropical Atlantic. It was noticed .that there was an overall

w rise in alr tempergture from 1880-1899 to 1940-1949, despite min;r fluc~
tuations which did not, in any way, conceal the trend. But more reveal-
ing than the trend itself was the spatial variation exhibited within this,
trend. In areas north of the equator tpere was a cooling tendency in )
earlier depades, a mlnimum becyeen 1910 and 1919, and then an increase . \
which apparently levelled off in the decade 1940 to 1949; in the south

west the temperature was found to rise steadily from 1900 to 1909, but

thereafter fluctuated haphazardly ﬁp to 1940. 1In the south castern

29Dubief, J., Contribution to the Problem of Climatic Changes During
the Period Covered by the Meteorological Observations Made in Northern
Africa; in Changes of Climate. Proceedings of the Rome Symposium Organ-—
ized by UNESCO and the World Metedr?logical Organization, 1963, pp. 75+
. 79. T o ) . o ‘ |

30Hofmeyr, W.L. and Schulze, Bjxu, Temperature and Rainfall Trends
in South Africa During the Period of Meteorological Recorde; in Changes
of Climate. Proceedings of the Rome Symposium Organized by UNESCO and
the World Meteorologiical Organization, 1963, pp. 81-85.

/
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portion of the region, however, there was simply a steady temperature J

increase from the 1880's to around 1939.31

.

Temperature

In order to assess the rate and general direction of fluctuations
and trends in.the Barbados temperature data, five and ten year moving
averages were plotted for mean annual valges from 1903 to 1975. It was
decideditﬁat two setd of moving averages should be plotted for these data as
a means of checking whether the initialis oothing process might have been
the cause of any apparent but unreal trends. This procedure was suggesteé by
Dzerdzeevsk.ii32 and has been employed by many workers since then.

It 1s interesting to note that the tdb temperature graphs in figure
6 reveal an almost identical patgern. Altogether ther; were about seven
distinct periods of fluctuation thus:

(1) a small but steady increa;e of approximately 0.3%°C between 1903
and 1920; <, -

(11) an intensification of this upward trend during the decade 1921-
1929; ‘

(1i1) a decrease between 1929 and 1937 causing temperature; te be
sipilar to what they were during the first two decades after 1900;

(iv) maximum warming between 1937 and 1949 at a rate greater than at

any other period;

(v) in the years 1950 to 1959 there was a small but definite decrease;

3lﬂrown, P.R,, Climatic Fluctuation Over thg Ocean and in the Tropical

Atlantic; in Changes of Climate. Proceedings of the Rome Symposium Organ-
ized by UNESCO and the World Meteorological Orgamizatiom, 1963, pp. 109-123.

. 32Dzerdzeevskii, B.L., Fluctuations of General Circulation of the At-
mosphere and Climate in the Twentieth Century; in Changes of Climate. Pro-
ceedings of the Rome Symposium,Organized by UNESCO and the World Meteoro-
logical Organization, 1963, pp. 285-293.

[ . Al ey




. 35

s &
¢
BARBADOB u?ﬁn ANNUAL TEMPEAATURE

——— 5 yasr moving averages

<e=--10 yosr moving averages

fi
if
§
|

BARBADOS MEAN AUGUST TEMPEAATURE

- 5 yoar moving aversges
.. 10 yaar mo'ln' averages
L4

fla. &
BARBADOS MEAN FEBRUARY TEMPERATURE

§ year maoving averages

10 yeer maving svernges

°c

Wiy e

[T 20 Fa N




oo s

[ Sk

(vi) temperatures rose again from the late 1950's to the late 1960's,
but never reached as high as the 1945-50 maximum;
(vii) from the late 1960's to 1975, a slight temperature decrease

became evident.

.

It should be noted that the general trends observed in the Barbados
temperature data seem to conform fairly well with patterns détected by
other workers in high~latitude regions as well as in'othep‘lowflatitude

e

areqs.i It appears, too, that tﬁe onset and ending of theéé t}ends in
the low-1Atitudes ;ave teéded to lag somewhat ﬁehind‘higher latitude
areas, * I the tropics, the méjor period of war;ing (i.e. the 1940's) ap;
pears to have started about twenty'to'forty years later than in the mid-
1étitddes, whereas it continued for about,ten. to fifteen years after the
so-called cooling trend set in in those latitudes. In the case of Bar-
bados, the major warming period started sometime in the late 1§30's or
early 1940's when temperatures remained almost congistently above the
long-term mean“of 26.306. .

Again, there is fairly close correspondence between the rate of in-

crease 1in temperature in Barbados and the rates calculated for Trinidad
and Jamaica. Lamb and Johnson33 plotted ten and‘forty year maoving ;ver—
ages for Trinidad January and July temperaturé data for the period 1880-
1960. They found a grédual temperature increase of nearly 0:6°C up to

the late 1930's or early 1940's after which an apparent gradual decline

set in, It might also be mentioned that data for certain mid-latitude
i

33Lamb and Johnson, op. cit., pp, 120-122,

el
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regions, including north west England and Toronto, were also plotted for
comparison; these Eata closély resembled the pattern exhibited in the
Trinidad data series. Recently, aﬁ introductory study was carried out
on the climate of Jamaica by the Climatology‘nranch of the Jamaican
Meteorological_Servicé. It was discovered that between 1910 and the
early 1940's there was a net warming of approximately 0.7 or 0.8%C
after which there waq.a SIiéht decrease up to 1970.34

The ggnefal patterns as fevealed in the Barbados temperature data

are algo in close phase’with those found by'Callendar35 in his study of -

glébal temperature\flucﬁﬁations and trend;. e found that between 1830
and 1940, temperature§ in troéical regiona‘incteaaed by roughly 0.4°C;
but within this zone, the rate of increase varied from as much as 0.7%
in parts of the Caribbbean and India to as low as 0.3°C in Africa and
pa%ts of the western Pacific region. But like most other studies of gis-
bal temperature fluctuations, Callendar also discovered that temperatures
rose much higher in extra tropical regionsl(from the Arctic to 45°N lati-
tude) ghan in the tropies: in fact, the difference in some cases was as
much as O.BOC or more., - —

- As a further test of the reliaﬂility of these temperature fluctua-
tions, five and ten yeér moving averages were computed for August and
February, the warmest and coolest months,reapectfvely. Again, there is
striking similarity in these patterns as one mighé-expect; in fact, a

[—— \

34

"The Climate of Jamaica, op. cit., p.:31.

'35Callendar, G.S., “"Temperature Fluctuations and Trends over the
Earth", Quart. J. Royal Meteorological Society, 87, 1961, pp. 1-12.
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comparison of figures 6, 7 and 8 would show a general homogeneity of
fluctuations and trends in the three separate data sequences. Not only
are the major periods of rise and fall in temperature in correspondence

with each other but the approximate dates of commencement and ending of

v
4

these fluctuations also coincide. 4

However, there have been slight but important differences in the
rates of warming andigool%ﬁg'hetween the warmest and coolest months.
Generally, August tempéfét&reé have warmedAup-and cooled at much the
same rate ag the mean‘ annual temperature. In absolute terms betwéen.l903‘
and 1949, Augusg tempefaturés showed & net increase of approximately 1%
but have showed a net decrgase of 0.3°% since then. On the other hand,
February temperatures ghowed a net increése of 1.5°C between 1903 and 1949-
50, whereas they have showed a net decrease of almost 0.5°C since then. )
In other words, even though the general directiong and periods of fluc-
tuation have coincided, the month of February has apparently experienced
a more rapid rate of warming and subsequent cooling than the warmest
month, August.

It shguld be made clear that the so-called global cooling trend
since the 1940's still comstitutes a topic for debate in the climatologi-
cal literature. In somé areas, temperatures appear to ﬁe still rising
whereas in places such as Australia, the south Atlantic ocean area and

36
the Black Sea-Caspian .region, temperatures scem to have remalned stable.

For it might, in fact, be preﬁafure to speak authoritatively é6f a global

N

36Callendar, op. cit., p. 1.
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cooling trend. As Davitaya warns,” it is not yet certain whether this

cooling since the 1940's < ‘ v

.signifies the beginning of a prolonged temperature fall or
merely represents a fluctuation on the backdrop of the warming
trend which is still continuing "

C. Sunshine -

.-

, ' Owing tb a lack of data it is almast impossible to establish any . { , 'f‘-ﬁ},
trends or fluctuations on the number’ of aunshine hours on the island of -
_Barbados prior-to 1937._ However, during the relatively short 39-year
period 1937n1975 ‘a few notable fluctuationa in. this pabameter have beén
observed. ‘ Between 1937 and 1948, there was a mean increase of roughly <

0. 17 ‘hours of sunshine duration, a slight decreaae from the late 1940' A ’ A

to the mid 1950's, exceeding that of the 1939-48 period; a major in=® -4 4{‘:

<

e

. . ’ crease from 1956 to 1960; and .a net decrease of about 0.3 hours from the ' }fh

early 1960's to 1975. Five and ten year moving‘averagesAplotted int’ ;

figure 9 illustrate these fluctuations in sunshine duration much more

.
e e 0

clearly." .

It appears that the temporal fluctuations in mean annual sunshine g R

2 L

F}
s

hours 1937-1975 have been. in general phase with mean. annual temperdthre
fluctuations over the same period. It has already been established in. o

chapter. 1 that there is some positive correlation betwéen the number’ of

ot &y P s L

sunshine hours and air teﬁper;hnre. A”carefdl combarison»of the graﬁhs‘

in figuers 7 and 9 would serve to illustrate this general relationship. “ -

¢ e
FRIP

Perhaps it might be quite possible to make certain assumptions and in-

ferences about fluctuations of sunahine duration based on: this apparent

L ,
4L “

B 7Davitaya, F.F., "Atmoepheric Dust Content as a' Factor Affecting.’
laciation- and Climatic Change", énials Aseoc. of American Geugraphers.f!:

-~

59,.1969, . 552. , T
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relationship with air temperature. Assuﬁing this general relationshi;

between the two parameters and also that the direction of fluctuations

through time have all been thé same for both variables, it migﬁL be in-

ferred, tentatively at least, that there was slightly less sunshine, per
% year, prior to the 1940's than after that period. 1In féct, based on

these assumptions it might gemerally be assumed that the rhythms and. -

‘l i trends observed in the temperature data might be applicable 1in the case
r

of sunshine hpurs. One should be fully aware, however, of the dangers of

these assumptions;‘the fact that there seems to have been general cor- 7
v .-

respondence between fluctuations S% temperature and sunshine hours since

1937 does not necessarily mean that these variables fluctuated in phase

prior to then. It should be emphasized that rthis is not an attempt to

2

5 reconstruct past data but rather a means of trying to assess how the sun-

il A -

shine parameter might have varied in the recend past. '
H - Some correlation also appears to exist between sunspot relative

‘ numbers -and sunshine ana temperature fluctuations observed in Barbados.
‘According to Waldmeiéraa and Lawrence,39 the period 1880 to about 1927

: - was\one of small suna?ot amplitude,-when maxims were generally less than
1500. However, between 1931 and 1960 mean sungpot relative numbers in-
creased significantly above 1500. When Barbados temperature and sunshine

data are plotted against sunspot data after Waldmeder, there is an approxi-

mate correspondence between the period of low sunspot amplitude and
a

- .

B N L

a
k]

38Waldmeier, M., The Sunspot Activity in the Years 1610-1960. Zurich
Schulthess and Co. A.G., 1961, p. 110.

39

o
*
:
.

- Lawrence, §.N., "Terrestiral Climate and the Solar Cycle", Weather
' XX, no. 11, 1965/,;61:. 334-343.
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-Cloud Cover -

relatively low temperétures, and high sunspot amplitude and }ncreasing
air temperaturés and sunshine hours (see figure 10). Similar relation-
ships between temperature and sunspots have been suggested by Lawrencebo
for data from Edinburgh, Wakefield and Greenwich in the British Isles.
Similarly, A.J. Troup41 using temperature Hata from a few selected
statiéhé, posiulates that - the appa;ent'relationsh;p between increasing
sunspot numbers and rising temperatures is apélicable to nearl& the whole
of the tropics.'

Although no cause and effect relationsh;p is necessarily implie -
here, it is being suggested that ?hanges in temperature, sunshine dura-
tion and probably radiation might be linked with the sunspot cycle and
changes in solar output. In turn thesec variagions could conceivably be
associateq with changes in the general circulation of the btmosphgre
which, it is sﬁgges;gd, might well explain most of the major global cli~
matic fluctuations. This tﬁeory has already been postulated By‘mhny
cfimatologists, ndtably Lamb and Johnsxon/'2 and Kalnicky,43 even though

they have not been able to establish the exact nature of such relation-

LS

‘ships. ) o
ships . . Va

e

There have been a few notable changes in mean cloud cover over

>

“Orpid., p. 339.

) AlTroup. A. J., "A Secular Change in the Relation Between the Sun-
spot Cycle and Temperature in the Tropics'", Geofisica Pura e Applic.,

51, 1962, p. 184 /
/
azLamb and Johnson, op. cit., pp. 94~133. p
43

Kalnicky, R.A., "Climatic Change Since 1950"; Annals Assoc. of

American Geographers, 64, 1974, pp. 100-112.
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Barbados during the years 1931 to1975. Broadly, .th;:ee main periods of
fluctuation'can be observed (see figure 11). There was.a steady mean
annual decrease form 1921—1945; an intensification of this trend with

minor fluctuations, from*1945 to the late 1950's ox early 1960's; and a

relatively steady increase since .then. Generally therefore, there was

a downward trend in mean annual cloud amount for fhe first three decades
Xp :
after 1931, with a maximum rate of decrease of about 0.07° oktas per an-

“ num in the period 1945-1960. ' Thereafter, there has been a tendency to‘—

wards increasing could amount at a mean annual rate of approximately

0.05 okfas. It is still too early, howev‘er, to state exblicitly whether

this létter upward tendency is, in fact, the commemncement of a prolonged
¢

1

trend or simply a major fluctuation temporarily interrupting the down- ,

‘

ward trend,
. One noteworthy observation is an evident inverse relationship be-

tween temperature fluctuations and variations in ¢loud amount. For where—

.

as the temperature data reveal an upward trend into the late 1940's or
early 195@‘5,' mean cloud amount has trended in a gemerally opposite

direction. Likewise, the recant tendency towards decreasing temperatures

seems to be counterbalanced by a tendency towards increasing cloud amount.
If reference vere again made to figures 6 and 11 this inverse relation-

ship would become more apparent.

The apparent negative correlation between temperature and cloud,

though striking, is not altogether an unekpect;ed one. A basic understan_d—-

ing of the seasonal variations exhibited in the parameters not only sug-

gests but also partly explains such a relationship. As demonstrated in
ns ,

b s e

Yoo
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FIG. 1

BARBADOS MEAN ANNUAL CLOUD COVER
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chapter 1, mean daily cloud amount tends to be higher during the cooler,

:

wet season than in the warmer, dry season; hence, it should normally be .

expected that any increase (decrease) in mean annual temperature would

[
Al

be associated vith a decrease (increase) in mean annual ClO.Ltd amount .

E. Pressure and Wind

. ) !
'

It was suggested in chapter 1 that there is some similarity between
\ the annual regime of atmospheric pressure and wind speeds in Barbados.,
It was felt that since the two regimes are virtually similar, any fluc-
tuations in one over a pﬁ:xjiod of years ought: to be a-ssociated-,with
similar variations in tl'/e other. In order to tést_ the re_ality”of this

N T
assumption, mean anpual data for both parameters, 3.903-1975, were

smoothedw and ten year moving averages and plotted for comparison -
Ct The comparison between figures 12 and 13 1is not'quite as good Aas
might have been expected. For the fiuctuacions in atmospheric pressure
and v;ind velocity only appear to be im direct phase duririg the post—1.9l¢0
peri.od. Prior to then, moAst of the fluctuations seem to have’ been,sl:l:ght-'-
1y out of phase. 1In the case of atmospheric pressure, there was a m;rked
net increase from 1903 to 1940 of about 2 millibars. In contrast, wind
veloc‘ity during the samé- period showed a slight net decrease of nearly
0.5 ms—l with shorter period fluctuations. However, after 1940 thete
.was a gradual decrease in air pressurq into the 1960 8y which averaged
about 0.7 mill;lbars less than the 1936-—1940 meary. In the case of wind
velocity, there was a slight intensification of the previous dovnward

trend which also lasted well into the,1960's. From the 1960's to 1975

»
by
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both mean atmospheric pressure and mean wiﬁd velocity have shown some-

what'of an upward tendency, the respective rates of’ increase being ap—

proximately 0.05 millibars and 0.03 'm'snl per annum, respeetively. . ’
Lamb and Johnson“ found a ci;efihité tendency for the frequency

and intensity of the North-east Tracnleé to increase yhenewver the North

Atlantic Westexly vc:i\.i.‘culation increased. They correlated inflices o%

the Westerly cigculation (40_50%’ Jao"m and “the Trades (30—-10°N,

60°W) fqr'Ja‘nuary over a 79-year period ax\\\‘d found the correlation co-

efficient r = 0.55, sigqificant at the o.iz level. 'i‘his tendency seems:

to be borne out in slarg; measure when Barbados wind data and Lamb's

West-érly circulation indices 1900-1969 are compare&. Figure 14 suggests

that there was str.engt:henipg. of both circulatory systems between 1900

and 1929 but a gradual weal:aning over the n-ext; four decades. The fact

that thése two systems show a tendency to fluctuate in phase with each

other seems more than an o‘cq:urrence of chanqe. For although it is dif-

f‘i-cult to‘define it as present, there appe‘ars. to be an important physical *=

relationship between the circulation of the ‘Eaat:erly and Westerly belts.
L:[.ke temperaéu;e,‘ most of the variatioqs'phserved. in the Barbados

pressure data are not i;xcompatible with the major trends in Ehese indices

postulated by otﬁer reséarchers for the No;:t'hern Hemispﬁere. For instagge,

I.ysgaar(:ll'5 found tha.t d.t;ring the years 1910-—1940, mean-summer and'.wint_er

1 - 4
values of atmospheric pressure showed an upward trend over the southern

North Atlantic. An exgmination of the Barbados.pregs’ure data for the éfl

44Lamb and Johnson, op. cit.; p- 115.

45Lysgaar_d, op. cit., p. 25.

-

a0 el ST




AVERAGE NUMBER OF DAYS OF WESTERLY WEATHER

vy

804

aJ

i 49
e " . ° i
1
. 1 .
' - Fi6, 14 L :
RELATIONSHIP BFTWEEN THE INTENSITY OF LAMB'S WESTERLY INDEX AND
- BARBADOS MEAN ANNUAL WIND VELOCITY
LY
: . BARB ADOS
WIND DATA

1900-00 1010 ~19 1920-29 1930-30 1940~4p : ‘B_W'B' 198000
. * . VESTEHLY DATA APTER LAMB et. al, ‘
: BARBADOS DATA FROM METEOROLOGICAL OFFICE, SEAWELL




50

same period reveals a -close similarity of trend. In a more recent study
Llcyd46 found a steady upward trend in pressure from 1880 to the 1940's
at Santiago, Chile,'after which period a grr;adual decline set in. These
trends again show good correspondence with variatién's observed at l;arbados.

Relative Humidity .

There are no humidity data avallable for the 1sland prior. to 1931,

"hence, any assessment of the nature of varlations in this parameter be-

fore this date 'm‘ust be largely specuia‘t;ive. From the. :1imii:eél_ ?dat:lav a§a@lﬂ
able énly two ;rza;ior periods of fluctuatiox;lare 'q;l.sceini't’yle. In the,ff;l.rsr.' '
place there was a decrease in mean annual relative humidity bétween 193‘1
and 1948; the net decrease’ during this period was apporximately..'i or 4

per cent. In contrast hc;wever, there was a steady upward trend after that
period, the ne/z}i— increase being roughly 6 per cent.

Since hﬁmidity is known to 'show gbod correlation with air temperature,
it should normally be expected that there might be some clear association
between fluctuations in the two‘paraméters over a given time ‘period. How— .
ever, there is little evidence oé .s&:\h an asgociation when the mean " annual.
temperature graph is compatred \;rith' the humidity curves in fﬂj:. 15. But.it
should not be assumed that variations exhibitgd by the twor_/p‘ar'a-meters are un=-
related; for it is acknowledged that there 1s a s?roné physical relation- .
ship bei;;veen these parameters. Not unexpectedly howéver, when tpe_ humid-

ity gfaphs are compared with the curves showing air pressure, the fluctua-

tions tend to be generally 1n opposite directions. It may be recalled

l’eLloyd, J.W., "Climatic Variations in quth{-Centxa} Chile from 1866

to 1971", Journal of Hydrology, 19, 1973, pp. 60-62,
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from chapter 1 that in texms of the annual varfiation the monthsg of higher
relative humidity are generally positively correlated with the months of -
lower mean atmospheric pressure. '
Some Postulated Theories of Recent Climatic Change - B . . .
I3 - .

Several _hypothéses have been advanced to account for known global' '

\

c.limatic fluctuations which have recently been obsetved It ha's‘to-vbe
admitted, however, that most of these cheories are still Bpeculative since
quite a lot still remdins ‘ to be. known about the dynamics of atmoépheric .

o

mot:[on. Although various, links and associations have been suggested among

dioxide and changes in terrestrial climal:ic indices, no single theory yet
advanced seems capable of explaining observed fluctuat:l.ons.. |

For instance, authors including.Godson“and Sawye‘rl'.8 have sugg:a.sted
that recent climitic fluctuations might be due .to variations .in solar
radiation’which in turn could obvions,ly effect changés ‘in atmospherié
motion. However, there is, so' far, not ‘enoug.h e._iride;nce'to pro‘;re any’
significnn,t variatipn. in the sun's radiative ener’gy.‘ iAlthpughsunspot . ‘
relative numbers ha;r’e fend_ed to ,increane since t.—'h'e 1800's ,u'pxto tne mid
1900’s and have cofrelated ‘-quq.te well with l;hé ‘earlierl‘wax':ining tréndb, no, .

significant changes have been detected in the Intensity of sélar radiation.
Hence, for the time being at least, thig theo:j cén'only be accpeted with
the utmost caution, if at all. . s -

.

47.Godson, W.L., The Influence of the Variabil:lty‘nf Solar .and ‘Terr,es-:".

trial Radiation on Climatic Conditions; in Changes of Climate.” Proc’eeding_ R -

of the Rome Symposium® Organized by UNESCO and the World Metegrological W
Organization, 1963; pp. 323—331. . D

48 Sawyer J.S., Notes on Pogsible P_yaical Causes Lu-—t:erm Weather '

- . PR ,
. . - . . . N
- . . . . .

A2 At et

R S

‘such indices as changes in solarﬁoutput, 1ncrease in atmospheric’ carbon o .

Anonalies. Technical note no, 66, WMO fio.” 162 TP 79 Geneva, 1965 PP, 227-248. .




jecting large amounts of dust into “the atmosphere.
for! aolar energy.‘

"'that only the short term fluctuations in temperature,can thus be accaunted

"T‘"for,‘not the long-tem trends. ‘

" But- he continues.

caused 'by incr.eased atmospheric transparency or increased aolar energy,

'W’my S“b"tl‘opical -areas should record a greater rate of increase t;han
[ be txue; and i“ some 03335 mo- rising temperature trend “has yet been u’b-— S

S It was contended b}' Plass j

’ 75"104- oo A . . ':“" - . T ’ ~, -

-

;8‘1956 p. a0 : T

We’xle’rl’g postulated that the globel trend of rising temperatu;es vas.

- ! ' L
due ma:l.nly to a reduced number of 1arge.. volcanic eruptigns capable of in- B
He contended that any“;’-

decrease in volc.anic dust could increase the trensparency of the atmosphere W

However, it hés gince been 1nd1ea§:ed by Callendar

He argues 3

. ,'"For e:xample,"‘the high altitude dust from Krakatoa 1883 and Pelee. SRR

.#,-19023 ‘gould" have. calﬂied the shaip. (temperature) £falls".. .about thoae N
dates and -the abgence,of cohturrentf‘luctuationa since 1920 might- RO
.- bhe attributed to 'a. lack of explosiv eruptibns of sufﬁieient eize -

.to affect the whole earth H .

)

)

".i.the problem 1s very complex and it would be difficult to.;
explain the big oscillations about 1912-20 on the basis-of the )

_ Katmai eruption in 1921 ox-the fact that “the many eruptiona since |
1920 do. not' appear:-to have had a aign:lficunt effect on the zonal- )

L

; fluctuations.‘ Evidently, :there” are other factars .at wqu besides oL
volcanic dust."? - -‘ P
imilarly, he same author points out that :I.f t‘he rise :Ln temperature wJaB _}.';-

X . M
. . “ Lt

o.

‘-

R,
areds Jof th‘e cZaudy North Atlantic. Yet, the data show the reverse to\

- . ¥

-3

,served :ln parts oF t:he sub-tropica. A RN ‘ }
o S1 and 1ater argued by C&l1enc'.lat.'52‘_’‘‘t e

R S

r
-

'S Yoo P
B . '

I'QWexler J . Climat:lc Chang__2 Harvard Univeraity Prese, 1953, pp. oo '

o F. B
-

Qallkndar 2 ~scit., p, 9. : e : ~' :.".'--’[': ' ‘

: 51 Plaas, G N.'.'A’l'he Cax:bon Diox1de Theoxy of climatic Chang
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that the recent temperature trends could be attributed to increased car-
bon dioxide content of the atmosphere produced by the burning ef fossil
fuels. They contend that an increase of CO2 would cause imcreased back

radiation and hence, account for the warming trend since the 1900's.

- .

They have also demonstrated that:
(1) there is a large, though as yét unknown, time lag in the tramns-—
port of excess'CO2 from the point of greatest production (middle northern

Iat%ﬁudes) to southern latitudes; hence, a greater rate of warming in

'
1

more northerly latitudes than southerly;

v

(11) there has been a tendenty for precipitation to decrease in

! ) . oo
tropical regions in the first four decades of this century as éhow? by

' -

4raus.53 The explapation here is that since the amount of pfécipitation

I

5 a "measure of the latent heat released at the cloud level", any rg--
arding influence on the loss of such heat would slow down convection

urrents and reduce precipitation - this effect can be accomplished by

~

ﬂn increase of 002 in the atmosphere. .
‘Nevertheless, plausible though this theory may seem, it must ﬂgrre-

examined in the light of other important data. There is.no doubt that

%

fosgil fuel combustion and CO2 emissions have been greater im the post

1940-50 peilod than in previous decades. This alﬁosg phenomenal increase

-

in fossil fuel combustion, atmospheric dust and CO? has been well demon-

‘gtrated and documented by many climatologists imcluding Davitayaﬁa and

Roi:inson.55 In fact, Robinson has éhown that the CO,content of the

=

2

-

53raus, 1955, op. cit., pp. 201~203. : - .

54Davitaya, op. cit., pp. 552-559, -

55Robinson, G.A., Physical Causes and Possibilities of Climatic Change

in Kopec, R.J. ei;) Atmospheric Quality and Climatic Change, University of
North Carolina, Dépt. of Geog., Studies in.Geography No, 9, 1976, pp. 65-73.
1 . . ) .
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atmosphere has increased by roughly 10 per cent in the present century;
doubtlessly, the major proportion of this increase has come about in-the '

last few decades agsociated with an upsurge in industrialisation and ur-,

o v

banisation. Takit"ng this into consideration, theref'oren, theoretically the
warming trend should have intensified, especially in mid-latitude regions
where the greatest expansion of industry has taken place. Bu‘t this has

apparently not been the case; for the so-called eooling trend whic}; seems

to have'set in in re_q:‘en,r. decades hardly su;:;pqrts the hypothesis. Further-

more, this céoling.tendency after the 1940's is believed to be occurring Rl

v .

more rapidly :‘.Lr( high and mid-latitude regions than in ‘t'hé lower latitudes.

. ? . . .. .
It is contended here that climatic fluctuations are not affected by,

i

nieither are they the result of, a single factor or proceés; but rather a

combination of interacting factors ‘and processes. Yet, as a single unified

theory, the hypothesis involving changes in the gemeral. circulation of l
" the atmosphere seems to explain satisfactorily most of the recent climatic °

It has been demonstrated by Lamb and Johnson56 and

w -

vari?t jons observed.

more recently by Ka'ln:l_ckys-li that recent chapges of preci;pitatiqn“ atmos—
” - e 7 T . ‘
pheric pressure and temperature have been assoclated with adjustment in

.

the hemispheric, circulation pattern., In fact, Kalnicky has shown that

most of the recent global changes of climate have been directly associated - H

- H

L . .
with variations in circulation indices; from predominantly ?:o.n_al between

©
-

1900 an& 195Q to more meridional since then.

a

a
A
A
.
4

S

-T:l;e extent to which indices of the ‘general circulation have changed

and the ‘e:‘ct'ent' to which they are aassociated with other climatic fluctua-

) 56Lamb and Johnson, op. ,cit.,"ppr. 98-130. o “

57

)

Kélnicky, op. ¢it., p. 100.




tions {in Barbados .
dos, especially with reg .
pPect to rainfalj .
» Will be analysed
. . in the| ensuing chapter. ‘
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Chapter &

Rainfall Fluctuations and TS*nds

kS
v

A, Long7term Varjlations in the Island Rainfall Regime

Rainfall in the small island of Barbados exhibits a marked spatial

p ttern. It has been sl:own elsewpere that the pattern of rainfall dis-
t;ibution is very much related to the nature of the atmospheric citcula-

s

) . o tion, to{)ography, altitude and sgason. A few studies investigating the
. | 'annual match of precipitation yé also the char‘acvteri'stics of the resul.t— . ‘
' ing spatial pattern have previously been undertaken. For inetence,
research by Oyelese (1962), Rouse (1966) and Lirios and Farnum (1972) -
‘\ 'confirms the exte‘nt of the annual and sgpatial vari‘stion it} the rainfell
statistic. However, no study of the long-term flucuations and trends in
the island’'s precipitation regime has ever been undertaken; hence, in this

‘chapter an attempt will be made to analyse the major periods of fluctua- ,

3

e

i | tion in this parameter between 1900 and 1975.
Gene‘rall}%, there are three main .typee of rainfall experien‘ced‘ in

ol . o 'Barbadoe the nature of which, to a large extent, determines the.observed
i spatial pattern."' These ar‘e ;:hat may be referred'to as the "reéional rains";
‘the’ "surface-—heating type or "local convectional rains" and the so-called
“hurricane rains .58 The- first type is associated primarily with the in-
tens:tty and persistence of the north-easg trade' wind circulation and is experienced oo
in a11 caribbean mlpnds. This is utall} 1nr;)ortanf, especially to the eastern
parmhes,' since very often these areas are not much affected by local

\convectional ‘rains, -Loca_]: convectional r-ains, which w111 be{dis—

cussed in greater detail in Chapter 5, tend to be most prevalent between
. ’, X N L - . . - L . 4 N

-

1. ‘ . 58Skeete, c.c.,, Batba.dos Rai.nfall Dept. of Science -and Agriculture
: S Bulletin No.’ 9,cpp. 25-49, 1960
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the months of July and November. Tﬁe& are usually the result of a com-
bination of high temperatures and low wind speeds and their effects are
most strongly felt ip central, western and northern parishes. The hur-
ricane type, as the name implies, is directly associated with the passage
of tropical depressions, storms and hurricanes and is generally associated

with showers of very great intemnsity. Thus, the seasonal and annual vari-

ation in rainfall amounts from place to place is larggly dontrolled by
the vigour and persista ce of these three types,
Puring the last : decades or so various : 3 have cdnductéd
research intq the nature and rate of chanéé of d g'énd.atmbsphegic
circulation within the trgpics. For the most part;” these studies have
tendgd to concentrate on precipitation fluctuations and have generally
fouqd a trend towards decreasing rdinfall, with major fluctuations since
the turn of the century. The work of Kraus (1955 and 1958), Lamb (1966)
and Hofmeyr and Schulze (1963) are outsta&ding examples in this respect.
In fact, it has .even been predicted by Lamb59 that droughts will continue
to show an increase in freugnecy and that the present siry phase will
probably continue for sonie time yet in most/areas of the tropicsf\\
Generally,‘there appears to have béen J;venqdistinct.periods of

60

fluctuation exhibited in the Barbados mean rainfall ‘data. The graphs of

'fivévand ten years moving gverages plotted in figure 16(a) indicate:

-~

59Lamb, H.H. -quoted in Dr ught in Africa, edited by D. Dalby and K. J.
Harrison Church. School, of Oriental and African Studies, London, 1973,
PP- 27—28 . ‘ . ) -

60These data represent the averages of returns for all of the island's
forty—eight primary rainfall stations. :

o
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(1) a minor downward trend from 1900 to appro#imately 1911,

(ii) q:majbr upward fluctuation from 1911 to 1920;

(11i) a rapid, pronounceq'downward trend from 1920 to 1930;

(iv) a périod of increasing rainfall from the early 1930;5 to about
1940

(v) an increasingly dry phase from the 1940's until about 1949;

(vi) a major quard trend thereafter until the late 1950'5 or early
1960"s - . . )

(vii) a steady decre?se from the 1960's to the present.’
It is remarkable that integral-difference curves p%?tted for the same
data reveal a similar cyclic pattern and, in fact, the commentement and.-
ending of each pe;idd of fluctuation roughly coilncide (see figure 16(b)).
The fact Eggt these curves are broadiy similar suggests that the fluctua-
tions jdentified caﬁ be considered as Indicative of real changes in the

island's rainfall regime; and thereby tends to eliminate the possibility

that they might have begn_artificiélly produced by the method of smoothing.

-t
~

A comparison of sagz}é means for selected periods of fluctuaiion
gives sbm; very interesting resulté which'further‘tend to confirm the
exlstence of thgse rainfall changes. For instance, between the years-1911
and 1920 the island mean -annual r;infall was approximately 7 per cent ap&‘
18 per ceng‘higher than the means of 1900-11 and 1921—3061, re;pect}vély.
Similarly, during the years 1950-63, thé pe(riod of highest mean annual

rainfall for the entire data set, mean annual rdinfall wvas 21 per cent

-
+

s

a®
-~

61Thia was easily one of the-driest periods in the known climatic

history of the Caribbean, \

14

o
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and approximately 1l per cent higher than the annual means for the
respective periods 1921;30 add 1964-75. The absolute values of mean
annual rainfall for each period pf fluctuation lrsted above are given in
table ;. Further, itrshohld‘be/stated that for the most part the dif-
férences between the. sample meane for successive periods of fluctuation
have been found \to be statistically significant from the 2.5% level and

) \ .
up. The only excep is the difference between the means of the fluc-

* -

tuation pefibd; 1§3l-40 and 1941-49. JFor although the graphs indicate a

difference in the general direction of trend; the sample means were not

’

significantly different and when tee}ed by Student's £ (t = 1,3) barely

reached the 10% Ievel of significance. Table 5 gives a list of each pair
» * « a (

of sample means ‘compared, the index value for ¢ and the level of signifi~ -

cance for each index. -
It has already been demonstrated in chapter 1 that the slight varia-
tion observed in the temperature regime is partly attributable to rainfall

Teceipt. géince it 1s knoéh that periods of high rainfall usually bring

7
’

about' a reduction in air temperature, it might be ' expected that yeers of

high rainfall should corncide roughly with pericds of reduced temperatures

When the temperature graph in figure.6 was - compared with the rainfall gurve

}n figure 16(a), it was found that there was a general tendency for periods

’

of higher rainfall and lower temperatures to coincide approximately The

.only exceptions were'the years 1911-20 when rain?a%l showed an upward
. fluetuation‘(and»so too did temperature) and the period 1964-75 when' the
° ) - ’ !

fldctuationq in Woth-parameters were generally in a downward direction.




Table 4

‘Periods of Fluctuation and Mean Rainfall for Fach Period

+

Barbados Mean Annual Rainfall

N

\
Period_of Fluctuation Mean Rainfall (nm)
1900 - 11 1402.4
1912 - 20 1501.3
1921 - 30 1230.0
1931 - 40 . 1454 .2 \
1941 - 49 1434.1
1950 ~ 63 1551.5
1964 ~ 75 1390.1

)

" Table 5

Significance Levelsfor'DLffergnces Between Saﬁple'Heans for

Selected Periods ~ Barbados Mean Apnual Rainfall

© 1950-63

1964-175

1551.5 .

Periods of .Fluctuation "Sample Means (mm) t Significance

a b a. b : level
1900-11 - 1912-20 '1402.4 . "1501.3. . 2,07 . 025
1912-20 1921-30 1501.3 '1230.0 2.81 .005
©1921-30  1931-40 1230.0 - 1454.2 2.56 .01
1931-40.  1941-49 1454..2 1434.1 1.30 .10
1941-49 1950-63 1434.1 1551.5 2.52 .01
1390.1 2.09 . 025

X

i
E
|
4
i- o
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It is interesting to note that the fluctuations exhibited in tﬁe‘
Barbados mean rainfall data show rough similarity with the pattern
identified in the Jamaica data. Figure 17 gives a graphic portrayal of
this compariso?._ For although the onset and ending of these fluctuations
appear to lag behind or precede each other by a fewqy;ars, the general
tendency for each pair of fluctuations to trend in the same direction is
cieafly evident. Perhaps it may be that'this‘general cyclicmpagtern‘is"
representative of the epti;e Caribbgan-region, but ;ﬁ@s éould oni? be
ascertained by further_analysis éf long. period rainfall data from other

v

islands. It woul& not at all ‘be sufﬁfiéing if this were the case, sinc;
the climates of the.wh;le chain of islands are laxgely contiolled by.the
same mechanisms of atmospheric circulation; name?i?thé north-eést trades

in association with the Bermuda-Azores high. Hence, there is the &;keli— )
hood that any long-term variations in the climatic regime at-any point

might be associated with similar variations at most other locations in the

reglon.

Spatial Variation in Long-term Pattern .

>

It has previously been demonstrated that rainfall exhibits a marked

i

spatial pattern across the island. This pattern is characterized not so

much by a difference in regime'as it is by differences in amount of rain-

fall recorded at different locations. Hence, more detailed sequences of .

N

«data, namely monthly total rainfall amounts for. the seven selected statlons,
wvere examined for variations in the ldhg—terﬁ pattern exhibited by the

mean island data. It was found that the trends and fluctuationS'shown~in"
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' for 1947 65. Again,,the differences between sample means, for selected

the rainfall regimes of the seven sample stations were generally in phase
not only with each other but also with the rhythms shown in the island

data. The recurrence of tth,pattern, therefore, strongly suggest it to .
be representative of temporal variations for the island as a whole. “oe—

ever, within this overall pattern there is a noticeable spatial pattern,
Q= ‘.

which is'characterized by the.timing of each period of'fluctuation.

ive, ten and twenty month moving averages for stations District '‘E',

-

and Holetown show that between 1900 and 1913 there wag ‘a gradual decreasef;,f-l.~“b

in monthly rainfall but an upw7rd fluctuation from then until 1919 ‘ From? :

”ahout 1919 to.1930 there was a major decrease in rainfall whereas for -

'the next nine or ten years there was a noticeable increase. A slight down~-

ward fluctuation occurred from the late 1930's until the_mid to late 1940's,
after.which period a major increase in'rainfall was recoxrded until the

mid 1960's. A gradual but significant downward trend then set in and con—

-

tinued up to 1975 (see figs. 18(a) and 18(b))‘ In"both cases, the rates

of change of fluctuation were approximately similar and the timing of the

fluctuations has been almost synchronous. At both statione which are

located on the island 8 west coast "mean monthly rainfall was around 5 per

‘cent more in the period 1914 1919 than“it was between 1900 and 1913 where-

as the 1920-30 mean was 19 per cent'Iess than that for 1914~1919. At thegﬁ

" same time there was. roughly 22 per cent more rainfall recorded in the

years 1947~ 65 than in the 1920—30 period, and the decrease between 1966 and

1975 represents a monthly average of about 6 per cent less than the average ;

periods of fluctuation were found to be generally significantly different

b

"
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at bettér ghan the 5% level. Howev.er;’; Jjust as in the cese of the mean
island data the difference between the sample means for the periods 1931~
38 and -l939—46 were statistically 1ns§Lgnificant, "falling neer the 107
level of acccetance(see tables 6(a),.and 6(b)). ) ) . ' ;
Similarly? the two stations located in the south-easterly ‘quedrar_lt
of the island, Searles and District. 'C' and Central étaéion to the scuth—
L . ,' i ’y;vest exhi;:it ‘much the sameq pattern _;.n their regime. Retween 1900 and 1908
. - chere vas a slow decrease in rainfall after which there was a significant

-increase until 1916. During the period l§l6—30, a major downward trend -

set in but an upward fluctuation followed and lasted until around 1944.

This latter fluctuation therefore, continued for some six years 1ohger 128
. than it did at the west coast stations. At the same time, the ensuing
period of lower rainfall, which only lasted for .about seven years at sta—

tions in the west, tended to, be more pi‘onounced at f)istrict' 'c, Searles

[

and Central., spanning a period of some thirteen years. In other words, .

this trend started in the mid 1940'5 and ended around 1957. But whereas
&

.a marked increase in rainfall was recorded for nearly two decades (1947-—
65) at the -two west coast” stations, this upward fluctuation’ was delayed |
) and laated for only about eighr. years at Searles, District'C’ and Centrqi'l. |

. tations (circa 1958—-1965) The final period of rainfall fluctuation
'identified ) than is from 1965-—75, seems to have Acﬁoincided almoat exactly

at all seven locations (see figs. 18(a)-18(g)) -, The difference between

the mean monthly rainfall values for selected fluctuation periods were "

B e . o ‘ '

: also conipared and tested for significance. It was discovered that at |

) Searles, District C' and Central, the differeuces between all paits qf T

'

\




' . Table 6(a) .

. .
4 )

Significance‘Levels foi Differences Between Sample Means*for

’, Selected Periods — Holetown Rainfall

'

« . , . . a -
.

Periods of Fluctuation ﬁnple Means (mm) t S;lgn:lficar.lﬁce
a b Ia .. b’ level

: \ 1900-135 1914-19 1395.3 14651 . 1,72 .05
’

1914-19 1920-30 1465.1 1197.8 2.86, . 005
1920-30 1931-38 1197.8 1507.4 2.5%7 .01 -

: o 1931-38 . 1939-46 1507.4 1470.5 1.32 . .10
- ’ 193946 1947-65 1470.5 - 1543.4 2.10 ~.025
' .. 1947-65 1966-75 . 1543.4 1460.0 2.45 .01

Table 6(b) ’ g ' N
.- e ‘ g

AU Signifi"?:ance Levels for DRifferences Between Sample Megns*for A -

L e - - Belected Periods'— District "E" Rainfall

. . o
) ) . . . ’

SEFTE | Periods of Fluctuation Sample Means (mm) -t Significance
SR a b . a - b . St level

1900-13 ~  1914-19 . ° .1620.1 . T1693.3 . .2.47 .01 L.
. 1914-19 ©.1920-30 ' - - 1693.3 - 1421.2 . 2.45 . ° 015 LT -
: 1920-30 "  1931-38 1421,2 1724.6 ., - 2,51k . . J0l... VIR

L. 1931-38.  C 1939+46 . 1714.6-  1674.4 .. 1.27 A0 - e
L 1939=46" . 1947-65 16744 1746.5 2,05:; .025° - it

Vo 1947-65. -1966-75 .- 1746.5 1665.0 1.68. 0 n05 C T

,
. s . Vo
W 3

"~ kActual mean values for each f‘l__'gc,tl:patliqnw period. IR R E
RS R " S ‘ R ~“" a DRL " ) :~‘:‘A,,‘ .
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sample means tested were significant at generally better that the 5%

4

level (see tables 7(a), 7(b) and 7(c)).

It app;ear.@,that the rainfall at the two stations in the south-east -

$, .

il

. . H
along with Central to the south-west tended to fluctuate at a more rapid,

rate than.in the west. For instance, this 1s indicated by the fact that

1 M <
during the years 1909 to 1916 the mean monthly rainfall -was approximately
. I .

¢

. i2 pe;L cent and 23 per cent more than during the periods 1900-1908 and

1917-—§0, respectively. (Compare "this with 5 per cent and 19 per cent,
resp;:etively, for roughly corresponding periods ‘at the two western
stations.) -As a further example, the mean rainfall recorded during the
years 1958-'65 at Searles, Distr;ct 'c' and Central was almost 26 per cent
and 10 per cent more thar} what was recorded in the respective periods
1917-30 and 1965-75. (Again, compare these figures with approximately

22 per cent and 6 per cent “for roughly similar fluctuation periods at

Holetowd and District 'E'.) - ) ‘.

r

The temporal rainfall regime exhibited by the two highland stations,

.Lion Castle and Difstrict 'F‘ presents a rather interesting case. Rain-

fall at 'the two stations, both at over 270 metres elevation, generally

fluctuated in harmony with the south-easterly stations and Central up

until 'ab(;ut 1930. However, after this’ period the timing of each subse-

quem: fluctuation coi(cided almost exactly with variations observed at

) I

the two v}est coast stations. At the same time, it sho,uld be pointed out

that throughout the entire data period, ‘the relative rate of change of
T | e o 6 B ’

each fluctuation appeared to be ‘somewhat similar to £hqse observed at

13 'a

»

76




ot i st AR 8 AR T D

~

Table 7(a)

Significance Levels for-Differences Between Sample Means* for
Selected Periods - Searles Rainfall

Significance’

Periods of Fluctuation Sample Means (mm) t-
a’ b a b level
. %
1900—-08 1909-16 1257.6 1416.9 2.56 .01
1909-16 1917-30 1416.9 1085.5 2,79 .005
1917-30 1931—11;4 1085.5 1240.1 45 .01
1931-44 1945-57 1240.0 1234 .0 1.71 .05
1945-~-57 1958-65 1234.0 1475.1 2.51 01
1958-65 1966-75 1475.1 1332.5 2.54 .01
Table 7(b)

Significan::e Levels for Differences Between Sample Means*for
Selected Periods - District *'C'" Rainfall

N

Periods of Fluctuation Sample Means (mm) t Significance
'a b a b . “level

1900-08 1909-16 1259.3 1417.1 1.69 .05
1909-16 1917-30 1417.1 1088.4 2.83 .005
1917-30 1931-44 1088.4 1243.7 2.45 .01
1931-44 194 5-57 1243.7 1237.5 2.05 .025
1945-57 1958-65 1237.5 1478.0 1.73° .05

- 1958-65 1966-75 1478.0 1336.1 2.51 01

e
Table j(c)

Significance lLevels for Differences Between Sample Means*for
Selected Periods - Central Rainfall

Periods of Fluctuation Sample Means (mm) 't Significance”

‘ a, b ‘a . b C level
190008 - 1909-16 1120.1 1278.4 . 2.72 .05
1909-16 ~ - 1917-30 - 1278.4 951.0 2.80 ,005.
1917-30 193X-44 951.0 1110.6 f1.67 +,05
1931-44 ~  1945-57 1110.6 1104.3° 2.51 .01 ,
1945-57 " 4025 :

*-1958-65

1104.3

' 1340.4

T 2.08°

“*Actual mean Values.for” edch: Fluctu

-

iy
o~

afioq per fod, " "
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*

District 'E' and Holetown, to the west.' For instance, mean‘ monthly rain—-
fall during the period 1909-16 was approximately 5 per cent more than
that for 1900-1908 and 17 per cent greater than the 1917-30 mean. Simi—‘
larly, the mean fainfall in g}\e years 1917-30 and 1965—75 was about ?0
per. Aent and 8 per cent less, respectively, than the. ]947 75 average.: As
;Ln the‘ case- of all ptevious rainfall data. sequences analysed, the differ—-
ence between succeeding pair’s of sample means was. tested for atatistical sig—
nificance. Results indicate that for the most part these mean values vere '
aignificantly differenct _at better than the 5% level. Once more, the
outstending exception was the difference between the means of the ‘fluc-
tuation periods l§31—38 and .1939','46; in this ’instance the vallues (1.37
and 1.31) could not be accepted as statistically-_ significant at "higher )
than the 10% confidence level (see tables 8(a) and 8(b)).
Integral—difference.heerv'es were also plo-'Ei:ed for mean annual ~rai'nfallr

at the sev'e}:l st:ations and .the graphs analysed for long—term fluctuations.
Generally, these curves portray much ' the same types of fluctuations ag’ 3‘::,‘.
those exemplified by the moving averages.x This again is further confir—
mation “of the real existence of the temporal and spatial pattern in theu . - '.
ipland 's rainfall. regime discussed above (see figs. 19(a) l9(c)) |

_ The spatia.l variations whigh have emerged £rom the analysis of the
‘island's past rainfall regime are, to a great extent_, in correspondence' -

3

with the pattern of variability established in: chapter 1. ;I.t may be re—- o

wr

called that the ra:?“fall at stations of higher elevation and generally at

atations which ?ecord high. annual totals, tends to fluctuate less rapidly
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Table 8(a)

Significance Levels for Differencee BeLween Sa

1e Means*for

Selepted Periods - Lion Castle Rainfall

£

4

Per:_Lgds‘of 'I_"‘luetj.ué'tion

‘b

a

Sample Means (mm)

b

't

Signif icance

level

1900-08
. 1909-16

1917-30

1931-38 -

©1939-46

1947-65

1909-16

1917-30
1931-38
1939-46

.1947-65
196675

2099 .4
2269 .2
1901.9

L2211.5

2174. 6

2047.5

2269.2

© 1901.9.

2211.5

- 2174.6 -
. 22475
21641

. <05

.01 ‘ . R B
.05 e B
.10, L
0L L ) s
.05 S e

Significance Levela for Differences Between -Sample Means*for

3 ~Table 8(b) o

Selected Perioda - District - R,ainfall

Ty
’

LN

*
- . R .
¢ o~ . ‘,
I B
. : e 1
- P I . e
N -0 (AN
! ¢
?
'
) N .
2 .
e -
L 9
r ARt
*

Periods of Fl\ie‘ﬁqatiqh",-

b

- Saﬁp}é.heahs, (mm) "
c.oar

S

e

_ S;lgnificance._ ERETRE

leVel

. 1900-08

190916
~1917-30

1931-38

. 1939-46
1947-65" " .

1909-16;‘._. -
1917-30 . .
. 1931-38
. 1939-46
$1947765
1966-75""

133870
1507.8

1140.4

715078 ..
~1140,4 '
. 1450,0 - .
L 1450,0- :

¢ 1413.1 L L
< 1486,0°
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than in low rainfall zones. This is substantiated by higher indices of
the coefficient of variation in areas of generélly low elevat;on and %ow
mean annual rainfall. (Refer to tablre 2, p. 15)

It seems v;ry significant that the two periods of lowest rainfall
in the island's recent climatic past have coincided almost exactly at

every location. During the years 1917-30 rainfall decreased rapidly to

a "record minimum"; the mean rainfall for that period varied between ap-

< proximately 951.0-1901.9 mm. During the other period of low rgi’n)fall,,

1966-75, which was in phase at allcstationé mean values of betweeh 1332.5 .-

-2164.]1 wm. were recorded. So far there has been little ev_idencé to in-
' . Iy - ' *

'dicate a reversal of this rec};nt trend and, in fact, it lﬂmq even been

suggested by some researchgrs' that the trend may be intensif,ying in the

tropics. iloyd has sh\}wn that there (has been a general decline in rain-

o’

fall in Chile sinte 1944; but he ‘donstrat.ed, however, that the trend ~

has integpsified rapidly from the 1960's to the’ present, causing widespread’

© 4

drought.62 Recent research findings )ﬁ\ other areas of the tropics also
indicate a marked decrease in rainfall since the 1960's. In Jamaica for

example, drought has 6ccuriéd_in some part of the island almost every
year since 1963;- and the Meteorological Service there reported at least a

10 per cent decreas€ in rainfall between 1963 and 1973_63. Similarly

7 b
Winstanley has'_danongt,rat:ed that there was a significant decline in rain-

fall in the S;ahel zone south- of the Sahara and in north-west India, since
’ kY

-

62Lloyd, op. cit., ppa‘53—70.

63 The Clinate of Jamaica, op, cit., pp. 708,

-
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b N

about 1960.6a He produced evidence to show that duriﬁg the 1960's there

was an expansion of the circumpg}ag\vortex whereas the tropical meri--

dional circulation contracted. “Thig ldétter contraction was held respon-

~~——sible for the dovnward trend in rainfall and the recent severe droughts *

experienced. 65 ) . .

It has been further postulated that the recent dry phase might be.

-“global" in extent aud not yecessarily confined to the tropics. For in-

stance, Lamb contends that the decrgase in rainfall is related to a change

.

of the general wind circulatibn affecting most parts of the world. He

postulates a JEgyening of the zonal westerlies in both hemispheres as well

‘as a weakening of the North—A%lantic trades.66 Hence, any further decreise

in circulation intensity would almost certainly be reflected in decreased

rainfall totals. : ) .

.

Application of Canonical Correlation .
The variations observed in the long-term fluctuations of the seven
sample stations seem to be closely related to the pattern of relationships

described by the canonical variates computed f%r rainfall and weather

variables. Table 9 shows the results of the canmonical corrleation analysis

v

64Winstanley, D., "Rainfhll Patterns and the General Atmospheric Cir—

culation", Nature, 245, 1973, pp. 190-194.

65This assertion of Winstanley's has recently been challenged by four
researchers. See "Rainfall Trends Iin the West African Sahel” by Bunting,
A.M., Dennett, M.S., Elson, J. and Milford, J.R, in Quart. @Journal Royal

Meteorological Society 102, 1976, pp. 59-64,

66Lamb, H.H., "Climate in the 1960{5" Geogfaphical Journal, 132,

Part 2, 1966, p. 210. ) c
@ ) . q§§§§_
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TABLE 9 * - =~
v ) ’ ‘p
rd N N \
Results of Canonical Correlation Analysis Between
. . Seven Rainfall Variables and 5ix Weather Variables™.
\‘ R N = T =
Re Signif: Level Re Signif. Level Re* Signif. Level
. 0.77460 .005 0.54695 0L, 0.33695 .05.
: Vé}iable Coefficients for Canmonical Variabies;of the First Set
District "¢" 1 ~0.01945 <0.39541 - - -0.43037 .
pPistrict "E" 2 0.34742 . -0.14175, 0.08386
District "F" 3 -0.24157 0.41257 - 0.02413 .
Central 4 -0.28154 . -0.16412 ) . =0.25561 .
Holetown 5 0.41238 -0.13128 0.09385
Lion Castle - 6 0.37615 0.00931 3 : 0.10014
7 -0.06901 -0.02148 -0.46351

Sear1¢9n

&£ T Y .

Variable . Coefficients for Canoeieal ariables of the Second Set ;
Temperature - 8 . 0.19616 -0.,06853 " 0.61157
Fressure 9 0.18746 -0.20961 S 0.45421 -
Wind Speed 10 -0.48324 . 0.58165 ~ " 0.22485 .
Rel. Humidity i1 0.46741 0.37149 . -0.35268
Sunshine 12 . 0.52335 -0.40332 ' _0:96638

Cloud : 13 0.10708- 0.88501 - . =0.34049

*.

-

A XZ and corresponding probability values were not available from tha/program.'
’ . . . . -

. “ . ,~rff\\ . | -___\$ﬁ‘\\\ :
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. . - 3 . *
performed on these verfables. . Altogether, the computer print-out produced

six canonical coefficients (Rc) along with the associated canonical- ,
ac - | ’ )

-

~ < vdriates describing the overall variation in the data; but of these the

e , .. . . >
. first thr&® coefficients Wsigniiicagt at the 0.5, 1.0 and 5% levels -

1

¥ - respecuvely.l 'l‘hey d’kcrxbe most of the overall vaciance and also r.he . t

3
] - A
-4

strongest’ and most. sS{nlflcant relatlonshlps betwaen/_he two sets of data.. & Cd

.
Hence, only these fthree re1at:10nsh1ps are reproduced in the table., th
s

analysx.a was performed as a fﬁrther means‘oflunderstandmg the nature of . i )
v ’L//= long—term ramfall fluctuatmns at dlfferent locauons on thé 1sland (see

.
- . p

Chapterz).l o K , ’ . U (

. -

Results indicate that at Holetowh, District 'E' and Lion Castle

Stations‘, a combination \ef high temperatu:e.'(+,0.19)',high sunshine (+#0.52) . -

and lqW wind speed (-—0.48), along with h~ig}i' relative humidity {+0.46),

. . is strongly associated with relatlvély high rainfall totals (+0 417, +0.34

. o PO
&
2 and +0. 37) for Holetown, DlStl‘lct 'E' and Lion Castle, respectively. It -

a{,_ ' may be recalled that the .former two stat1on5‘exh1b1ted vu'tuall'y identical

.y < ‘fluctuations in fheir ‘temporal rainfall ‘regimes; therefore, it is ‘not at

\}l surpnslng to find the ‘same qonibmatmn of weather variables assomated
vith rainfall variations at t:hese stations.. But the _fagt ‘that the varia- ’ %
tion infLion Castle rainfall 18 associated with i:heee same \.'eatlier‘
variables does appeara bit confllctmg at f1rst." It mght normally be , ' .

e - 4

: o expected that rainfall variations at thls station should be assoclated
' S i ~
with the same’ combination of variables as at ,Ds.stnct ?F', This is mnot an
unreasonable " supposition especially considering €hat--temporal fluctuations

in rainfall have been in close phase’ at these two highland stations since ot

N i ) : ’ . . L]
e 7 R C.

. A PPN
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©

-

_& . » 4

Y boundariee \(see figure 19(d)) Hence,' this could easily explain the

“ ]
< . ¢

L od
, ¢ T
~ 1900. Howewver, Skeete has shown thaQ the same conib:l_nation of weather )

-

variables which describes the f igst relationship are algo responsible
«

4for triggering the devéiopmex\t of 1oca1 convectional et:orms.>6 7 (Thie
LA t o H
first telationship might be called the 'convective storm relationship )

These storms are experienced mainly in central, weatern and northern dis—-

tricts, and Lion Castle, like District VE' and lloletown 1ie yithin these

C
B

Pa : L B o .- -

: ‘-apparent anomaly " ': ’ - A 'I" ARV :

The second set of canonical variétes suggests a Btrong correlatidn

between high wind speeds (+0 58), high cloud amounts (+0. 88) fairly : -'{"

. S L M ;- .' "
high nelative ktl)xidity (+0 37), -and low sunshine (-0 40) and high. rain—"%i
at A

fall ‘(+.0‘.41) :Lstrict ‘F' 'l‘his combinabion of weather 'variables is

ai)parentiy asgsociated with 1w rainfall at- most other stetiona. -~It-«seems
fairly clear that the high ramfall at District ‘F' is in large: measure

%

due to the "high w1nd" variab]ye.»_ This -station is situated on the wind- L
wvard side of- tht?)rtheast highlands whose longtitudir:;I exis runs ap- S
proximately northwest to seutheast. -As’a result, the area is exposed to
theﬁlrect effects of the prevailing northeast trad& which blow generally
at right argles to the highlqnd mass- This fac:l:or,0 coupled with the as—
sociated orographic efﬂgct is pr:hnarily responsible for the high rainfall

totals recorded here. (This relationship can be referred to as the nnrthcast

trades - orographic nelationship) Contrastingly, Lion Cas'é.e lies on .

~ the l.eewarﬁ side of this highland region, vhich further helps to explain

67Skeete, 1963, op. cit., p.4.
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vhy most of the variance at this stetion ie- "a‘ttriblist;able to a different
Y L= N

combination of factors. *
Ratnfall variation at Se'arles}, District 'C" and\Central stations

is apparently related to a completely, different combination of factors as

1

'ind-icated by. the third set of canonical variatea.v Here there 18 a- strong )

LI -
statiatical relationehip hetween low rainfall (-0.46,--0.42, -0. 25 ;p .

Searles, District 'C' and Central, respectively) and " high temperature

0. 6}) high pressure (+0 45) and fairly high wind (H0: 22) in combination. '

w:l.t:}n low relative humid‘.i.ty (-0 35) and 1ow c!oud ( 0 314) Again, it

i " should not be altogether surpris{ng that mo{t of the variance in rainfall ’

-~

P h 1

- nat these three stations 13 attributable to an identical set of. factors.

For it mig,ht ald\/be recalled that rainfall fluctuations at thee.e stfgns
4

have been almost iderﬁical thrOughout the entire period under study

relationship might be due to the domi_nance of the Bexrmuda-Azores high,\\}

’

which glves rise to these "anticyc}onic" conditions. (This relationship too

may be called the Bermuda-Azores anticyclonic relationship)

Qf the three relationships, the convective storm relationship (+0.77)

is. the most important, accounting for some 60% of the total varlance .of all

o

. - s
factors. Simil%ly,' the northeast trades-jor-'ographic .rela ons%ﬂ).%)
accounts for approximately 29% of the total variance; ‘while the "anti-

is

+

‘eyclonic"” relationship iéj"responéible for roughly 10Z ‘of the totdl wvariance.

. Solar = Rainfall Relationships

{m In recent years, it. has been suggested by several researchers’ that |

there is some as'socﬁion between sunspot act;i.v‘ity and global rainfall *°

"fluctuations. Different types of relat:ionahips have been demonstrated be—~

& I
tweenthese two parameters although the r@ture of. these relationships is

-
-~
Pl




, notwholly upderstood. For in's:anee, in 1963, Baur digcovered the exi‘st—'(
-~ 7 . . :

ence of two peaks in Central Europe, rainfall which he claimed ts be as-
) ) : ., . - 3 . : " . ~

sociated with the two sunspot extr'emes. 8 More recently, /agannathan and

-~ [

 Bhalme £ound evidence of some con:elation between Indian monsoon rains -
| 69, .. ) ' ]
, " "and s::lar eycles, ~ Theyfound Btrong - posit.ive 'correiations in regions of -

2 . o »
P ' orogrgph:lc rainfall (especiall)7 thel Himilayas)-, .‘but generally, negative
relatIiOnships 1n other areas. Another atudy has shown that' ther’e is sig-— o

- v,
‘\ . s b

ificant: Btatistical correlation be.tween Addis Ababa rainfall and sunspot

. ot
- relative numbera. It)was discovered that between

\

L o fall peaks and troughs precedefl sun o}} max& and minima by ebout 1, 3 , i

.'.,o and 1970 rain- -

_' ' ' yee)&on average. This re_l/trtbnship was found to remain relatively con—"

. .
a -

4 staat throughout the period. ’ o <

In order to determine whether any. such relationships e:dsted benw’z1 " :M‘,;.:

& . . r o * . - . J

|

. PO

. %.be Barbados rainfall data and sunspot activity, five year moving averages o H
werg plotted for ‘méan annual rainfall and sunspotsrelative numbers 1900~ k

]

el 60. Sunspot data were extracted from -l;«ald,meie::.71 _}iardly any co.x_l\sistent

- L "phase relations'hips can’fe estal)lished when figure 20.‘ is. examined. "In - i‘ .

»

some periods the fluctuations are completely out of phase while in othets

A

vy WS T st e o

they alpe pa\tly in phase, but overall they d.o got auggest any diacernible

68Bain:, F., (1953) qubfed in Iiéwrence, op eit™, P 35% -

s P iJagannathan, P.. and Bhalme, H.N. , "Changes in the Pattern of
o 'Distribution of Southwest Monsoon Riinfali over India As ated. with
Sunspots", Honthlj ‘Weather Rev:lew, 101, 1973, pp. 691-70 .v

.
araemieen s 4 PR R N

W,

. . . A 70Wocud C.A. and Lovett, R. R., "Rainfall Drought and t.he Solar
. Cycle", Nature. 251, 1974, p. 595._ oo Y
. . . . - L . | T . .
lHaldmei.el:', op. cit., p. 110, R T o o N -_n‘ -
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SRR - there being an important phyaical aasociation betueen these ﬂriabl&s.

' ‘F" . \ /

. '
. -

gystem 6f' aséociati’on‘.' As 'a further test, the tgu variables . were cor-

> 1 : 3

if:
related atatistically using the Product Moment Cérrelation COefficient >

. =%
(r). ‘mae coefficient r= +0 08 was louqd‘ to b‘g barely significam. at

0N Lt | . - J . ‘\‘."A
> the 107 level. Hence, the null h:rjxothesis that there is no’ significant . S

‘%

atatistical eorrelatiop betwe’en Bfrbados meaﬂ annual :tainfall er the L “h

period 1900-—-19’&0 and: s;g/pot relative (c_mm'bers must be - accepted ._Zf ‘:v KR . #

Lo . PR S e
\éﬂ L Ho'WeVer, this does not necessarily eliminate the poaaihility of R

\1’\/& is that al]_ relat:ionships found between solar activity and ter-— ‘
restria‘l climate appear to be very complex, 80" that bewy associa- N
‘-tion can be f:.rmly established, it would seeﬂ’%eceseary ‘to define the _l

physical basis of such a relationship. Until such time as this is done. ".

A

the real nature of such postulated relationat\[{:s uill atill -be 1argelyr I o ;

amatter of speculation. Yet- for all~this,- erebfs 1itt1e evidence .-.' ‘ . \

—\to indicate any strong relationship. 'between sunspot activity and rain— T j ‘ \

. ©

fall fluctuations in Barbados. s . A '. - " . o ‘

. E. ‘Rain Dazs '

. Just as’ “in the Cas;e of rainfall there 1s consulerable spatial varia—-' _—

£ A

tion in the annual number of rein daya recorded over J}:he ialand ‘The .
:.mean annual number of rain d:'-xye varies from approximately 234 :ln high :
.frainfall areas - to 147 in regions of lower rainfall Reli,able data for -

total annual ra:l.n days for five of the Beven rainfall stations were ana'—“,'

1ysed for’ 1ong~term variations. Theae data cover ‘the . peridd 1900-—75 for/ _.'._t'f"

‘ District ‘C',_District 'E' Dietrict ‘F‘ and Holetown stations but only

up to 1968 for Central. Figurea 21(a) —-2].(::) show five and Cen year

- N
.

te ’ P o 'f_) 'V'I‘A:-
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moving averapges for total annual rain days at these locations.
]

It is significant that the pattern exhibited by Holetown and District

'E' on the west coast is almost identical, just as was the case with

their rainfall regimes. Between 1900 and 1911 there was aagradual de-

crease in mean annual rain days but a reversal of this trend during the

i

next decade or so, In fact, there was approximately 6 per cent more
rain days in the 1911-20 decade than during the prewdous one. There was
a slight decrgase in rain days for about the next fiye years but a marked
increase from‘l§25-3q. For the next two decades up until 1950, there
was a steady downward.trend when the mean number of rain days was about
15 per cent less tham in the previous half-decade. In the following ,
. * I

decade there was a noticeable upward trend corresponding to an increase
of .roughly i8—20 per cent over the mean figure for the previous twenty
years. From about.1960 to the present there has been another steady de-
creage in mean annual rain days at these two statioms, the rate of de-
crea#e being roughly th; same as during the period 1930-50.

Fluctuations in mean annual rain days at Central and District 'C' )

.

stations have also tendeé to be somewhat similar. Uniﬁke the former two
stations, there was a gradual ianeaSe in rain days at Central and District
'C' for about the first two decades after 1900. Thereafter, until the
mid 1930's, a downward trend occurred; during this time the mean annual
pumber of rain days decreased by some 10 per cent relative to the period

. ~

1900-19. From the 1930's to around 1947 mean rain days increased by ap-

proximately 13 pe; cent above the 1920-35 mean. From 1947 to about the
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Table 10

Mean Annual Rain Days, Mean Annual Rainfall and Mean

Rainfall Per Rain Day for Five Selected Stations

Mean Annual  Mean Rainfall per

Station . Mean R@iﬁ Days Rainfall (mm) Rain Day (um)
. .
Central . 147 1136.7 7.7
District "C" 170 1293.2 7.6
District "E" 234 ° 1651.5 7.0
Distriet "F" 201 1391.9 7.2
Holetown 207 1436.8 '6.9 -
)
Table 11

Product Moment Correlation Coefficients for Total Monthly Rain

: *
Days and Total Monthly Rainfall for Five Selected Stations

W
Station Correlation Coefficient Significance
: > level

( Central . . .691 . 005

District "C" ‘ .612 .01

District "E" .563 .01

District "F" . 564 .01

Holetown .SQO .01 "

\

\

*

The two sets of data cover the period 1900-75, except
in the case of Central Station whose data period ends
at December 1968. . .

4
,_

i
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mid 1950's there was a slight decrease 4n rain days but a marked increase
from then until the mid 1960's. There has been & downward fluctuation

ever since the 1960's, which so far has exceeded the rate of decrease of

the 1920~35 period.
A;alysis of District 'F' data reveals that there were four major

fluctuations over the period under study. There vas a noticeable upward
' .
trend for the first two decades but then mean annual rain days decreased .
- .
by ‘approximately 15 per cemt in the following two decades. From about

" 1939 to 1960 an upward trend set in corresponding to about a 20 per cent

~

increase over the 1920-39 mean. Sinee 1960 however, mo cléar trend has emerged.
Between 1960 and 1965 there appears to have been an overall decrease in the number

'- .
of raindays at this station followed by a gradual.increase over the next ten years. .

It seems significant that although the patterns of fluctwation have
varie from point to point both in terms of timing and direction, a
notable decrease in rain days has been obse'tved at all locations during :'f-
the post—1960 period: It might be worth recalling that this period has
also bgen one ‘of decreasing rainfall at all stations. This is’ perhaps

e

the only period that rainfall and rain day fluctuations have been in such

’

close phase. &‘:
‘ b D :
As might be expected stations which record the lowest rainfall totals s

tend to have the least rain days. This is clearly revealed in table 10

above, which lists the long—term mean of annual rain days.for each of the

five stations. However, at the same time it can be shéwn statistically i
| o

| L]

that there is stronger correlation between rainfall and rain days in low

~
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FIG 22
RELATIONSHIP BETWEEN RAINFALL AND RAINDAYS AT THREE STATIONS
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FIG 22(b)

\

RELATIONSHIP BETWEEN RAINFALL AND RAINDAYS

AT TWO STATIONS
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B

_alsa the scattergrams in figures 22(a) and 22(b)) Further, although

rainfall areas than in regions of higher rainfall.’ Table 11 is an ex- - ///}

. ’ .
tract from the computer print-out of the correlation coefficients between
total monthly rainfall and total monthly‘rain days for each of the five

»

stations. It can be seen, for instance, that the coefficient computed

for District 'F', Hqoletown and District 'E' is approximately r =0, 56,

whéreas r = 0.6} and 0 69 for District ‘C' and Central respectively (see

i

Gthere are fewer rain days at Central ana’gistrict 'c', these stations on

* the average,- recelve more rainfall per’ rain day than any Qf the other

stations. Table 10 shows, for example, that mean rainfall per rain day
varied from 6.9 m - 7 2 mn at the ‘three stations with the highest rain—
fall; bnt increased to approximately 7.6 mm- and 7.7 mm per’rain day at
District 'C' and Central, respectively. |

\

In summary, therefore, dt is clear that the pattern of temporal
. . . ’ 2 ~ - ’

fluctuations shown in the Barbados mean annual rainfell-data nay te taken

Y

o {
.as generally represéntative of most locations on the island. ' Despite the -

¥ ~ a -
slight spatial variation demonstrated within this overall pattern,. the

temporal regimes at all stations appear to be broadly simila;.' This
would tend to indicate that the entire island is dominated by ‘similar

broad-scale patterns of circulétion,'asffor example in the case of atmos-.

phetie‘ﬁressure and "air motion. As a result, any' major. shift or inter-

ruption in tnis broad circulation pattern would be reflected in changes in ;
a similar direction, though not necessarily of the same magnitude, at all
. . : N

locations.
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Chapter 5

-

Fluctuation and Trends in.Major ‘Synoptic Systems '

.

A. Classification of Weather Systems

. »
, of September l955),passed directly over the island.l Hence, the wea her

There are a few synoptic scale systems which significantly affect
the weather in Barbadas. The most 1mportant synoptic systems which de~

velop are incipient storms .and hurricanes and local convectional systems.

It is important to note that the major portion of these weather .systems

tend to- develop during the latter part of the rainy season and normally
’faccount‘for%around 68-72 per'cent of the island's annual rainfall. Since

theseyweatﬁer sistems are'such important features of the island's climate,‘

an. attempt wvill be made in this chapter to analyse fluctuations and changes
in their frequency since.1900.

It should -be made clear atathis point that for purooses of this analy-

. .

. N ) & ' ) )
sis, tropical stormsJ;?d depressions will be analysed together'as constdi-

_tuting a single type Of synoptic szstem. This seems quite Justified inas-

much as: they all develop from similar syndptic conditions and are usually

« .

of virtually similar intensity. However, though’of;similar‘genesis,

. & o : . . 4
hurricanes will be treated separately. These are by .far the most destruc-

'tive type of weather disturbance which affect the island's weather and are

+*

normally associated with some of the heaviest_rainfall totals recorded on

the island. It should_be'enphasieed, too, that the centres of these

" disturbances hardly’ever traverSe theoisland.ﬁut.usually pass a few nmiles

offshore; primarily in directions varying between northeast and "southeast.. .

As a matter of fact, during ‘the period 1900—1975 only one hurrica & )(*Janet'

A
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~

“ systems being'analysed have not necessafi;y traversed the island but

. - Lreicicn 28 ’
rather are known to have.significantlyxﬁffected the.sdigland's weather at

?

some stage in their cycle. *

N
& A Y

~

Barbados is indeed fortunate since the isiand lies ocutside the main
v

Caribbean hurricane tracks. For instance, between 1730 and 1975 omnly

five hurricane centres passed directly over. the idlénd, thereby giving a

-

- probability frequency of approximately .02 or one nearky every fifty yeafs.“

The years of actual-occurrence were 1731, 1780, 1831, 1898 and 1955, equi-
years ; T TR

valent to periods of 50, 51, 67 and 57 years, respectively between occur— -
g —_— . Y N !

4

rences.

] . .
Local convectional storms deserve special mention because of their
. A

<
peculiarly characteristic mode of formation. These Byé%ems are carefully
- ; - . '
described by Skeete 2 who found their chief characteristics to be their

extreme localisation, their relatively small area of preéipitation, their
. -

high precipitation rates and formation exclusively during daytime hours.
At the same time, the main factors ‘triggering their developﬁent abpeag to

be high sunshine duration, high humidity qon&itions and low wind speeds.

n

. ALl the mechanics behind the forﬁation of these systmés and all the éhysi—

+ cal processes involved are mot fully understood but the actudl mode of
formation is fairly well known. The following -statement extracted from
the work of C.C. Skeete describes the séﬁuence of events leaaing up.to

their formatiom. - - 1 \\
. ."Sunsljine warms the 1owest levels of thg\ ir: the heated air rises:
the moisture of the air condenses in its oler surroundings at.
higher levels to form cumulus cloud. This gumulus cloud drifts
. N
* \\\ .
. 1 \ . l
S . \\ '
.72 . -
Skeete, 1963, op. cit., p.-4.

L

A
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slowly with the main air current and tends toﬂamasglon that side
of the island opposite to the quarter from which tHle main current
is moving. This process uwsually continues for about two oY three
-hours ... by which time the conditions in the amassed cumulus cloud
have reached the stage of precipitation. Rain beging to fall over
a simall area, usually not'more than one or two square miles {n - -
extent. The cloud has now reached the cumulonimbus stage ...: heavy
torrential rain. falls ovetr the original or closely adjoining area
of development. - Usually within one to one .and a half hours after
the beginning of precipitation the cumulonimbus develops into a
temporary thynderstorm A

. These 10cal convectional stéfms are normally so. limited An their effect

that only specific locations on the 1island are affected mainly the

. . .
Jacentral nofthern and northwestern par&g of the island. Again, it should = '

AN

be emphasized that although these storms are small in extent, they are
. . . - . ,.

capable of producing substantial amounts of rainfall in the areas where

a

they occur. . . ‘ . TR

* B. Hurricanes

-

There seems to have been a fairly distinct pattern in the frequency

of occurrence of hurriéanes affecting Barbados in -the past. -During the

e . , .
first three decades of this s;udy'(i,e. from 1901-30) the number of hur-

ricanes influencing ‘the weather in.each decade were six, four and three, '
N i ) . - ' . ' N - ; ’
respectively. In other words, there was a progressive decrease in- hurri-

e

cane ééfivity in ‘the area after 1901, Eulminating in the decade 1921-30‘“

L g et

when the léast number of hu;ricanes were f;cofdéd. It is significant .
that the decade 11921-30 was also koown.as a period of gene;;lly dry weather. :
'throughqyt most of the Carlbbean In fact, it has previously been shown
that’ this was the driest period in Fﬁe island{s climatic history since :

-

1900.

' . The number of hurricanes affect{ng islaﬁds in and arbund thg-yicipify o
. | . } ‘ ) , , -
' L "31b1d, p. 5. ‘ - A
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of Barbados showed ; remarkable 1ncrease in the three successive decades
1931460. During these decadal periods the nember of hurricanes were
eight, nine and thirteen, respeceiyely} After this period, hurricane
activity again decreased. In the decade 1961-70 thege dere ten hurricanes
affecting weather conditions over Barbados, or roughly a.decrease of 20
per cent relative to the previous decade. This apparent decrease in the
incidence of hurricanes‘Eeems to have conttﬁued to the extent that so far

in the present deca?e, .commenc ing from 1971, no weather systems of hurri—

cane ,intensity have affected weather condition&tnlthe-island (see fig.
v .

23). : . e - o

4

-~

’

v

‘,4{ ’ These d%Ea suggest therefore, that there'might be successively alter-~

natingeperiods of reduced jand increased incidence of hurricanes ﬂffecting'

. Barbados. In the present case, it appears that periods of ngth approxi-

mately three decades of low hurricane incidence alternate with simils?'\
periods of increased activ{/; Perhaps, it might be~a little early to state
precisely whether or not this pqssible quasi-cyclical rhythﬁ can be conﬂéi
dently used as a basis fot ptediction.‘ It is unfortunate'that,there‘are
;o reliab;e data prio} to 1901 which wodld‘enable_tbrthet investigation

of this apparent rhy?hm. But it shoula prove interesting to observe care-1
fully the pattern'which emerges in future decades{f, '

0 It is also clear that henerally there was a Igﬁet ineidence of hur-
rieenes in the‘flrst part of the preseht cehturyethan in later decades.
Over the 76 year period for which; data exist, there were fifty-thpﬁe -

hurricanes recor&g?. However, of- ghese only edghteen or roughly 33 per
. ’ ( -

)

-
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4

decades covered by the data. o o e - ; ' . j."Anf~ L pa

cent occ;rred during the~first'half oi the periodi What is evenlmgre'. A
strihing is the fact that mﬁré of these hurricanes:occurred in- the last
25 yeare than during the first 50 years of the century._ In absolute
terms there were twenty~six hurricanea tecorded during'the firét ip;veare
after 1900, wheteas'i? werelrecorded during the last two and a half

-

: It is worth noting that-the change in frequency of hurricanes has

Ca

occurred 1n asaociation with an apparent change in the general circulation '

N

-

changed from -a more atable 20na1 flow between 1900 and 1959 to. more

. -

#
-vigdrous meridional flow ever since then. The change in‘the incidence of .

Y

o hurricanes at the latitude of Barbados coincidgs almost exactly with these

‘circulation changes For during the period of relatively stable zOnal

hemispheric Elow there was a .very ‘low incidence of hurricanes, whereas
. .
hurricane activity inereased dramatically after 1950 with the tendency to-

wards more'v1goroue meridional exchange. v .hjﬁ)
£ S ; e "

However, no’ cause and effect relationship Bhould necessarily be in—

ferred simply because temporal changes in the,atmospheric cirquiation and" '

‘B‘
hurricane activity at Barbados have been in phase. This could be ill—

v

advised at this stage in the light of the fact that neither the dynamics

“'are- as yet fnlly understood.Yet,,it is strongly believed that;there:is

hecd ) . °

T o ,
Dzerdzeevskii, op. eit., pp. 285<292.
. S ————. B Fa

TS¢alnicky, op.-eit., pp. 100-112. = I G
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~ " of ‘the atmospheric circulation nor the mechanics of hurricane development o

"of the atmosphere over the Notthern Hemiephere. BOth DzerHZeevskii 'd’;'fT‘”

--Kalnicky75 have demonstrated that the Northern Hemispheric circulation ?'H:~5
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‘some dmportant physical relationship betweén indices of circulation S W

N .

and surface weather systems.' But the exact relationship will only be 4

L4 .
Y .‘.

known as mdre research is undertaken.gﬁ .

. . Although no precise physical relationship can as yet be adduced

. there appears to be a fairly close association between éunspot amplitude

, cE
1 M . : - " ’

“4"5lgﬂ: and hurricane frequency at Barbados. Data for sunspot relatiVe‘numbers

. - " ‘: N

Coeem e

“Q'T‘..>N:f_ ' were extracted ﬁrom Whldmeier7§ and S—yearly means plotted
.‘_ "\ . ) ’: ",,' K e ’ B
: ‘ indicates that the peridd 1900 to approximately the late 1920'5 waa one ’

The graph

'.

. . NS ,,r;._.

of relatively low sunspot amplitude, whereas the period from the mid

_!' o

S o j': 1920's o’ l963 wgs one of markedly higher amplitude. When this graph

LNy

is superimposed on the frequency hi;thgram of hurricane frequency (fig 24),

Athe phase relationship becomes quite evident. For it is noticeable that 'z“',

;oo * ..o R ,-

’ periods of low sunspot(relative numbers coincide with periods of reduced

W

{xurricane 'frequency and vice versa. _Again, it °shou1d 'be» emphasiZed that

’, this does not suggest a cause and effect relationship, neither should Ht

LR

: be inferred that the relationship holds good for the tropical North

~~ . T

?‘ Atlantic - Caribhean region. The data on grrricane frequéncies employed

':.
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to the island of Barbados to afé

apparent association might simply be~a chance relationship What would be

“

Ay

. T needed to establish the possible validity of such a; relationship would be T:x

. R f: the correlation of sunspot relative numbers and the relative frequency of RS
" . . "' S . N , . . . A "v (_":’ " @_“ s . . N ~ .. .
R - of North—Atlantic hurricanes over several decades._v-sfg;;\_ L j i*::

‘1,-/._<v.‘ e :'.'.
-

g A S
':.\-‘ .- ’ .

It is important to note the vast majority of hurricanes affecting the

L ”“:_f‘. weather at Barbados have occurred during the post 1930 period when :jﬁ;g‘.x I

2L
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temperatures rose to what was b;]ieVEd to be their highest in the
island's known climatic history. Empirical research has sho;n that in
order for hurricanes to develop the surface temperature of the ocean
over which‘they form must be at least 27.60C. This 1is not the owly con-
dition neéessary gor hurricane formation, but for reasons not yet wholly
understood, "it is known to be a prime prerequisite..77 Brown78 has.pre—u
V10usly,demo;s£rabed that in the case of the tropical.North Atlant}c
Ocean, sea-surface tewperature fluctuations have been in perfect phase
with air temperatu;e fluctuations. In view of this and iﬁ the absénce
of reliablé-segﬂsurface temperature data, it was felt that the air tem-
perature record would give a v;ry reliable assessemnt of what oceanic
éemperatures were like.

Using the mean annual temperature graph in figure 6 as a basls there-
fore, it could éafely ‘be assumed that sea-surface temperatures in the
*Caribbean region {in the vicinity of Barbados) were consistently higher
after the late 1930's than before. For whereas the mean annual tempera-
ture was‘generally below 26.2°C prior‘to the 1930's, it rose well above
this m;rk, with minor fluctuations thereaftgr (see figure 6). Perhaps
an eVen more accurate picture is portrayed when the temperature graph for
August 1s analysed. August is easily one of the ﬂottest months at most
localities in the Caribbean’and is also quite representative of tempera-

ture conditions during the normal hurricane season. If reference is made

to figure 7, it becomes clear that mean August temperatures have been for the

77

Riehl, H., TfoPicaliﬂéteorology, McGraw-Hill, 1954, p. 331.

7§Brown; op. cit., p. 109-122.
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most part in excess of 27°% after the 1930-40 period; before this data,
however, temperatures scarcely ever reached this mean fiéure. Hence, on
closer analy§is, the low incidence of hurricanes in the first few decades
of this century might be partially’be explained.

It was felt that there might also be some evident correlétion por-—
trayed between the fluctuations in hurricane frequency and variations in
atmospheric pre;sure. Since hurricanes are known to develop, at least
1nitially, from centres of low pressure one might have expected a better
relationship between figures 13 and 23, Unexpectedly, it appears, at
least Prom the diAgrams, ﬁhat the earlier decades of lower pressure were
also the period of lowest hurricane frequency. But this should not impiy
that some relationship does not exist; in fact, research has proven the
existence of such a relationship.79 What might be implied here is that
although both pafameters are important for hurricane development, the
temperature variable might be more important initially than p¥essure.

Tropical Storms and Depressions

The frequency distribution of tropical storms and depressio?s shown
in figure 25 does not present as readily identifiable a pattern as In the
case of hurricaneslz It is only in the first four decades from 1901 that
a clear trend emerges. Between tie years 1501 and 1940, there was a steady
decadal increase¢ in the number of tropical storms and depressions in-
fluencing the island's weather. The number rose from nine in thelfirst
decade, to eleven in the second, to twelve in the third, to twenty in the

fourth decade since 1901, The high peak in tropical storm activity

79Ri.ehl, op. cit.; Hp. 284-28%.
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attained during the decade 1931-40 seems to have been experienced
throughout the Caribbean; in fact, the period is often referred to as the

“"'stormy 30's" .80 \

- | .

After 1940, however, there was an appreciable decline, at least for
Jthe next two decades, in the frequeficy of these systems at Barbados.

From the peak of 1931-40, the incidence decreased to tharteen in the 1941~
. 50 period, to as low as five during the decade 1951-60. In the following
decade the incidence of storms and depressions rose in excéss«m per
cent over that of the 1951-60 decade. Again, another decline appears to
have set in since 1970; with half the present.decade already gone on‘lfr o
two storms lfave sq far been recorded. In general, therefore, since 1901
there was 4 definite upward trend in the frequency of tropi;:al storms and
depressions lasting for a perio‘d of approximately 40 years, since which

time there have been haphazard fluctuations.

' There are little data froﬁ which the rélative intensity of hurricanes,
tropical storms and depressions which have affected Barbados can be ac-
cufately assessed. However, from the fragmentary recprds available

A -
there are indications that the synoptic systems which developed during

éthe earlier part of the céntury might have been of éreater intensity than

- thosel which affected the island later on. For instance, ryecords compiled
by Skeete81 suggest that although far fewer hurricanes and storms were
recorded prior to the late 1930's or early 1940's, they were, in general,

assogiated with higher ‘frequencies of flooding, stronger gales and higher

80,

The Climate of Jamaica, op. cit., p. 5
: ¢

) 81‘.:‘.keete, +963, i?:, cit., p. 28-36,
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rainfall totals than those occurring later. 1In fact, the only real
marked departure from this trend was hurricane "Janet" of 1955 when
gusi;s in excess of 55 r[ns—l were recorded; and even then there was little
flooding, the maximum rainfall associated with that hurricane being only
63.5 mm. in the southern coastal districts. |
The data also suggest that there has been semewhat of a shift in
terms of the timirig of these storms and hurricanes. For whereas these

synoptic systems tended to develop most often in the earlier part of the

w

hurricane season prior to 1940, they showed a tendency fowards later’
occurrence ‘aftei that date. i“or example, qf ail the tropical stétms, de~
pressions and hurricanes which were recorded between 1900 and 1940, ap-—
proximately 65 per cent occurred during the months of June, July and
August; the remaining portion occurred between the months of September
and November. However, between the years 1941 and 1975, there was an al-
most complete reversal of x;he former situation. During this period about
63 per cent of all disturbances were recorded in the months September
through November, while only 37 per cent occurred in the earlier part of
the séason.

D. Local Convectional (thunder) Storms

Local convectional gtorms have exhibited much the same pattern in

1

their frequency of occurrence as tfopica]_. storms and depressions. There
'wa;s an unintérrupted upward trend in the decadal frequency of these storms
from 1901 which reached a peak in the years 1931-40. It may be recalled

-that tt}is is the same decade during which the highest frequency of tropi-

cal storms was recorded. After this period ther;a was a marked decline
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<
culminating in a minimum during the decade 1951-60, \I}etween the years 1961~
70, the incidence of these storms increased again, ! d.not exceed the
number recc.;rded during the decade 1901-10. (see figu¥e 26). )
It may be of interest ’to note that the trend in the incidence of tropi- J

cal storms and local thunder storms shm'qs generally good correspondernce
with the pressure graph in figure 13, It c.an be seen that the highest in-
cidence of these storms occ‘urred in the earlier decades of the ce'r[xtur'y vhen :
‘mean atmospheric p::essu'.ce was lowest, This is ‘nat,diy surprising Eﬁn the case
of I:r‘opicall storms ; but’%ﬁis finding could open the way to new lines ¢f
investigation into. the naturg and phyéical processes bghind the formation of
local convectional storms. For it could be that*reduced atmos“pherié press;xre .
might alsd beé a key factor in the initial develop’me‘nt of these weather sys—
tems. ’ . i
Since local.convectional storms usually develop under conditions of low
vind wveloci tyaz, it was felt that there might be some correspondence {)etween
periods of generally low wind velocity and periods of high frequeﬁcy of these
storms. However, when ‘fi'gures 13 and 26 are compéred, a :athér pnexpect} .
| zhest

relationship seems to occur. The diagrams indicaie that the period of h

mean wind velocity coincides roughly with gthe period of highest incidence of
lécal convectional storms. Hence this need not imply that wind velocity and
‘convectional storm frequency are uncorrelated, since convection can be

mechanically as well as thermally induced. ' At the same time, wind

velocity is a highly variable parameter so that the mean annual values . s

nmight not be representative‘ of the conditions under which these’

-~
T
~- W

- \ . ‘ . v

. 2Skeet:e suggests that the development of these storms is unlikely where
the wind velocity exceeds approximately 4 ms™l, . '

e <
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storms have develop#fi. Since these are strictly daytime phenomena and

)
their initial development starts soon after sunrise, wind velocity read-
ings at approximately 7 a m. or 8 a.m. would Pe more .meaningful. At the
same time, the values for wind speed which have been emﬁlo;}ed in the
analysis have been calculaﬁed from data recorded at Seawell and Codrington

Stations.  In the dbsence of other data, these have been assumed as repre=—

sentative of conditions everywhere on the island. This need not be an
\ - . - ) ' ) .

eitirely reliable agsumption; especially cpns-iaering the possible effects e o

‘of such.' loca% controls as topoéraphy, altitude ahd‘,éxpos;u;e..'_

Perhaps su,nshine‘dui:ation"hours might have proven a more reliable
index against which to measure the fluctuations in frequenc‘y 'of local
thunderstorms. It has already been esj‘:’i‘tglished that th'is is an }mportant
parameter in the genesis of these systems. But unfortunately, tiaere are
1’10 data on hours of sunshine duration prjor t; 1937, thus it is difficult

to make reliable pronouncements on any relationship which might exist

between the two parameters.

. i
E. Rainfall and Synoptic Weather Systems ~

-

Althoﬁgh a, lérg'e percentage of the island's rainfall is sald to ibe
associated with the passage of tropical storms and hurrjcanes, no si_.griifi—
cant statisrt;ical relationshi;; can be found between these variables. Cor+
relation coefficients were calculated between island mean rainfall totals

by decade and the decadal frequency of tropical storms and hurricanes.

P~

The low coefficient, »r = +0.07 (for hurricames and rainfall) was only
. . » »
significant at the 207 level. To further measure the statistical assocla-
0 N
Q .
‘tion between the parameters correlation was also attempted between the .

r
L]

I "

P T e e
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- L‘.
decadal rainfall amounts for the seven sample stations and tropical
storm and hurricane activity. Some of the resulting coefficients were
slightly better but nevertheless, statistically insignificant ; none were

©

significant beyond the 15% confidence level.
Howgvel;; since the passage of tropical storms and hurricanes coincides -
with: the island's normal wet season, correlation coefficients were computed

between the decadal ffeduency of these distd'rbances a-r;d island wet season

raz,nj{Z by decade, In- this particular 1nstance. wet season ramfall vas

computed as the sum total recorded between the months: of June to November
inclusive. There was no signifi‘cant,correlation found between hurricane

frequency and island mean rainfall during the wet season; b there was a

wez;k, positive relationship between the frequency of tropical\gtoms an

wet season rainfall. The coefficient r = 40,18 was significant at the 10%

level, 'compared‘ to » = +0.08 in the case of hurricanes which barely reached ;

the 20% level of significance.

It is not surprising that rainfall d\irin; ﬁhe wet seaSo; shows better
correlation with tropical storms and depressions than with hurricanes.
For one thing, hurricanes occur far less - frequently in ‘the Qarlbbean than
storms and d.epres'sions. In fact, 4t has not been uncommon in the past for
the tsland to be unaffected by passing hurricaﬁés for periods as long a;s
5-8 years 11'{ succession. But so much more frequent is the development of
deﬁessians and storms during a normal season, that they have been found .

to occur in the Caribbean. as a whole with a statistically predictable ‘ :

8
fre_que'ncy of one every four or five days.,
L . . ™ .

, -
& . . . -

83 1enl, op. cit. p. 325 e
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- No correlation was attempted between the frequency of local con-
vectional storms and mean island rainfall, inasmuch as these systems are
highly localised phenomena and their effec%ts normally confined to specific °

localities on the i nd. However, the frequency of these systems and

rainfall totals from the\three dtations (Holetown, District 'E' and Lion

Castle) which Anorma-lly fall within thelr sphere of influence were coxr-

relafed. ~Again, insignificant statistical coxrelation coefficients -of

r= +0.’10', r = +0.07, r = +0,12 for Holetown, District ‘'E' and Lion Castle,

. v

respectively, resulted. ' ‘

With tlye po_ssible exception of hurricanes, therefore, no clear
cyclical rhythm has emerged from the analysis of the frequency of these
synopdtic systems. In the case of hurri(:anes there is som:a__gvidencewhich
appears to suggest that years of decreasing and increasing frequency tend
to alternate at rough Intervals of three decadés. ’ Where tropical storms,
depressions and local thunde‘rstorn;s are con'cetned, only very broad trends
are evident; and furthe'rmore“l, these trends’ are only clearly discernible
prior to 1940. Since this pe®iod no clear trend or rhythm has emerged as
these systems tended ro fluctuate rath(;r haphazardly in their frequency of

occurrence.

0 -




“

118

Chapter 6

Summary

o

In the foregoing chapters an attempt was made at analysing the major
f1dttuations and long-term trends in the climatic datg of Barbados post
1900. Generally, it was found that the variations observed in the island's
recent climatic history have been in keeping with postulated patterns of
hemispheric cha.:nge and nioré especially, @.th the rate of change- observed
in other low-latitude regioﬁs. ‘That there have been significant identdi-
fiable periods of flx;\(;ﬁuution in the island's. ]:;ast clitnat.e can be in no
doubt; it is only the physical causes and full implications of these-var-
iations which are not fully understood. Some of the major findings of
the study are briefiy summarised below.

. A warming trend was observed between the years 1903 and 1949, alto-
gether corresponding to a net temperature increase of approximately 1%c.
It was also shown that a similar Qr’enq was observed at other locatioens

in the region, for example, in Jamaica to the northwest and Trinidad to
the southeast. Furthermore, the rate of increase;in temperatux"e in Bar-
bados during this perit:;d agrees to a large extent w;%a previous fir;ding
by Callendar.84 He noi:ea an increase of nearly 1% .from.';:!-ne late 18,00‘8
up to the 1942'8 for most areas In the tropics, including India, Africa,
the West Pacific and South Awerica. $Since fhe l;te 1940's or early 1950's
however, there has been an apparent reversal of this trend; despite minor
‘upward flﬁctuationa there has bee‘n an overall ;\et dec;ea/se obapproximate—

1y 0.2°-0.3°C between 1949 and 1975. Again, the latter downward trend ap-

pears to be in rough phase with a similar trend identified for several

> ’ . . rs

8I'Callendar, op. eit., pp. 1-12.
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areas in the Northern Hemisphere. The works of Longley85 and Lamb and

6
JohnsonB are noteworthy in this respect. *

'Howevef, it hasalready been pointed out that there is some contro-
versy aver Jthe recently postulated eooling trend; whether or not this
‘tendency is global in extent is not yet clear. %y some parts of the !
Northern Hemisphere temperatures appear to.be still rising, while in
other areas, ‘such as Australia and the .Blac-k Sea {egioh,‘.tﬁ‘qre havg been
no noticeab-'lg fluctuations since'the 19'40'9. " In fact, te.n;per‘atux‘:e.s seem

& to have remained quite stable in these areas fr(_)mi the _1940‘9 up‘uto‘ the
present. In 1969 Davit:aya87 warned that this\ af%arent cooling te'ndg_ncy
might 'simply be a fluctuation temp'oraril.y interrupting the warming ‘trend.
Furthert‘nore‘, quite x.:ecentlﬁ at least one 5tudy seems to have confirmed,
Davitaya's suspicions., In 197“_1, Angell and Korshoveras, in an analysis e
of mean troi)ospheric temperatures since 1958, found no evidence of cooling
but rather suggéstéd tha‘t global temperatures had either stabilised or
were showing a slight tendency to increase.

~ * v

It was also discovered that prior to 19Mpressure and wind fluctua-

tions ’in Barbados were geﬁer‘ally out éf phase. This was, a rather unex-—

“' - - ~
pected occurrence since it was earlier demonstrated that there is a positive
?

relationship between the annual variation of mean atmospheric pressure

¥
85Longlej}, op. cit. pp. 207~211.

8'6Lamb and Johnson, op. cit. pp. 94-133,

-

87thitaya, op. cit. p 552.

88Angell, J.K. and Korshover, J.,"Egtimate of the Global Change in-
Tropospheric Temperature Between 1958 and 1973", Monthly Weather Review,
vol. 103, 1975, 'pp. 1007-1012.
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afld the anng_xal variation in mean wind speed. However, after 1940 fluc-
tuations of both parameters tended to ;:arallel eath other. TFor instance,
there was a noticeable decrease in both pressure and wind velocity between o
1940 and tfle early to mid 1960.'s, although pressure decreased wore rapidly
than wind speeds. ?hereafter, ‘a.slight upward trend was observed but
again, pressure appéared to lncrease at a rate slightly in excess of
;Iind veiocity. “

There h-;ls been a rough quasi-—c‘.yclic_;_ pattern in the “island's past ’-‘1:ain=-
fall regime, ‘;rit.h éairly proion‘g‘ed periods o'.f' low réinfa’ll\ alternating
with periods of incréased‘precip.itation. It ha.s also b.eep demonstrated
that although theré is eévidence of some slight spatial variation (in terms
of the onosét and énding of fluctuations) the general patterm of ra:infall
has been remarkably similar at all locat ions. Kltogether there wvere ap-
proximaterly: seven distinct flpctuaﬁon perlods but of these the major ones
were 1920-30, the late 1940's and early 1950's -.m:lci 1960's and 1966-75.

The years 15520-30 stand out not only Because this was the driest p!‘ario‘d'

in the island's rainfall regime post 1906,.but‘ also becauge 'fragmentary ‘
historical records suggest it to be perhaps the driest phase in the 1sland's
known climatic history. The: ygg;slc.cmmencing from the early 1950's right

up until about 1965 easily constituted. the wettest period since 1900.

During this maxinmm,‘the rainfall at all stations was at least 20 per cent

in excess of the mean 'va'lue.‘recor&ed'dur ;I.ng the ‘1950—30'minimun'1'.' Wﬁat'

makes the post 1§65 period ap?ear‘ signific{apnt: is>t'he fact tf:};t t:_hj.s sig-
nalled the start of a not:iceahle_dec;easé.- in i‘ainfal}[ at 'all locations. It is

remarkable that with the possible exception of the earlier m_inimum, this is

L .

:

:

L

§

i
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hurr:.canes and tainfall in Barbados, two important observations camn. never—"
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the only pexioed when Ijainfal'l fluctuations‘have_been in exact phase (in

terms of tZming) at all stations. It appears too that mean annual rain-

fall is decreasing at a relatively rapid rate at most loca‘tions','v a rate

.which closely approximates that which was observed during the 1920-30

period. What is more, the, post 1960 period has been shown to be one of

rapidly decreasing rainfall at most tropical locations , and this-trend
Lt . . ' : e

has been predicted to continue for at l-east another two'deéa.dea' or%. so’.89

®
Although ‘80 far no s!;rong statistical relationship can be said to

exist 1n the overall pattern between the frequency of tropicql stoms and

thel ess be “made. In the first place, it was discovered that -the’ per:l.od of
lowest rainfall dorre\aponded almost exactly with the decade of least huJ:-
ricane actiurity. During the decade’ 1921——30 only three systems of hurricane
intensity passed close enough to the island to affect weather conditions, -
the lowest number recorded in any decade sinc.e 1900. ‘At the same time,

the rainfall maximum of the 1950's to mid’ 1960's was found to be associated

‘with the period of greatest hurricane activity, for during t‘he decade 1951-60

‘a record thirteen hurricanes affected the island 8 weather. Although it

hY

might be.a 1little premature to implya eeusa]. relationship, it seems m_ore
than just a ""matter of chance" that these major fluctuations should coin-
cide. Similarly, it ié small wonder that wet ‘season'fainfail, that is _th"é -

total recorded between the months. of June ~ November, shows a weak positive

1 -

relationghip with hurricane ftequency.g- . . : - -

89W111ett H. C., Do Recent Climatic Trends Portend ‘an Imminent Ice: Age?
in Kopec, R.J. (ed.) Atmospheric Quality and Climatfc Change. Univ, okt
North Carolina, Dept. of Geog., Stuc(ieain Geogtaphy m—1976 » Pe 32.

9011: should be borne in mind that the wet season and the hurribane »
season approx:hnately coincide. : . -
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) It is worth noting ‘that most of the major variations of clipate \ 1

) identified for Barbados during the perfod. 1900-75 have been assoeiated -
with major flucutations of the hemispheric circulation patterns For in- K '

' ) stadnce,, Dzerdzeevekiig found the temperature increase of earlﬁer decades .
g\‘/ ' to be- associated with increased zonalacircuiation wher,eas he found the ":
B / i _ e recent cool'mg to be closely connected with more meridional flow., This

~was lster substantiated by the work of Kalnicky who demonstrated that

: the general atmospherie circulation over the Northern Hemisphere was dis—- ”",‘

‘,tinctly zonal between 1900 and 1950 but showed a tendency towards increased

..

/ f,. meridionality ever since then. Similarly, the observed changes in hurri:— :" .

':cane frequency prior to and after. 1950 show rough correspondence with O
- these °1rCUlati°“ changes,m 'i?he rainfall decreases in inid lat:!tude and A }
tropical regions since the 1960:5 have been attributed to a weakening of B
BR . " both the 'z'onal Westerlies and‘ the North Atlantic Trade’s b;Lamb 93, More A }

-

\,recently, Winstanleyg- pointed ‘out that the decrease in tropical rainfell

e s T

. :I.n recent years was a resuIt of a contraction of the tropical meridional

circulation. It is noteworthy tha’t the marked reduction in Barbados rain- .

- fall since the mid 1960'5 seems ‘tor be fin some way related to’these latter .., .'
, e circulation changesr This again seems‘to 1end support to the present conw-' Yy
N “ tention that the best explanation of precipitation fluctuations appea‘rs to‘ g
7S v '
{ o 'to lie in a more thorough ‘understanding of variations in the general cir- . 5 DS
| "‘culation of the atmosphere. B T T o BRI PP
" i o e L AR .' . S
) 1Dzerdzeevskii op. Cit- . pp. 285—292 N

Lo 'Kalnicky, op. cit-, pp..100-112 | - : : R "'3" "y:\
- =‘93Lamb 1966 gg____;_, p. 210.
IR "94Winstanley, Sou ity p.‘190. el o RIS
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This study then might be regarded as a new line of enquiry into the
recent climatic past of the island of Barbados. 1t has attempted to
identify and anal;se'the nature of climatic fluctuations since 1900; and
has assessed the approximate rates and d}rections of such changes in
relation to other postulated hemispheric and latitudinal climatic fluc-
tuations. The results, therefore, may be used as an initial base for
further.research, especially with a view to long~range forecasting and
planning. Some of the findings, for .example, could havé far-reaching im-
plic;tions.for local agrigﬁlture. The economy of Barbados is still pri-
marily fgricultural, with almost total dependence on the production of
sugar cane. ft is undeniable fact that rainfall is the single most im-

A -

portant environmental factor affecting sugar cane growth; and it has fur-

“ther been demqnstratéd that fluctuations in rainfall are usually reflected

by fluctuations in sﬁgar cane yields.r95 ‘Hence, it is felt that an un-
derstanding of past rainfall fluctuations and trends, for instance, could

prove useful in the future as an’‘aid to long-term agricultural planning
c
& s
. & . .
and water resource management. .

-

Yet, great caution’must. be exercised if the results of studies such

' 7 ' . .
as this are to be used as tools for predicting future climatic events. At

‘the present state of knowledge, the real physical basis of climatic change

is 1ittle understood. For if could be misleading to assume that climate

1

~will behave in the future as it has in the past; and this is the main

premise from which ptesént—dayilong—term predictions are given. For until

3

[
«

95__, Rouse, op. cit., p. 75. See alscf Hﬁdson, J.C., Fire, Water and
Sugar Produétion in Barbados,.- Paper Published by the Barbados Sugar Pro-
ducers' Assoc., 1973, pp. 1-7.
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a more thorough understanding of the real physical causes of climatic
change is achieved, any predictions based solely on past events must con-

tinue to be regarded ‘as highly speculative.

«
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Table 12

-~

Mean Annual Atmospheric Pressure for Codrington and Seawvell,

1942 - 60 (mbs.)

Year - Codrington Seawell

1942 ' 1013.5 1013.5

1943 . 1013.5 1012.8 Y
1944 1013.7 1013.0

1945 1013.0 ) 1013.9

1946 1012.7 1012.2

1947 : 1013.0€ 1012.3 -
1948 1013.7 - 1013.§

1949 1011.8 b 1012.0

1950 1011.7 4 1012.1

1951 1013.9 ) 1014.0

1952 1013.7 . 1013.7

1953 . 1012.2 1011.9

1954 1011.8 1012.0

1955 : 1012.2 1012.2

1956 1012.4 ' 1012.4

1957 | 1013.2 T . 1013.1

1958 - 1013.1 . o 1013.0 |

1959 " 1013.3 C1013.2

1960 ‘ , 1013.9 1013.9
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Table 13
. Il ;)\J
Mean Annual Temperatures for Codrington and Seawell, '
‘ 1942 - 60 (°c)
Year . Codrington - Seayell
1942 ' 26.5 26.6 ~
1943 26.1 : " 26.1
1944 26.1 . | . 26.3
1945 . 26.4 26.6 . -
1946 - 26.7 26.8
1947 o274 T 27.1
‘1948 . B 26.8 - : 26.8
1949 26.6 26.7
1950 . - 26.4 ' 26.4
1951 26.6° ‘ 26.8
1352 . 26.8 ) 26.9 *
1953 . 26.7 . 26.7
1954 26.0 , 26.0
1955 .' © 26.0 . 26.0°
1956 25.9 25.9
1957 25.8 . o259
1958 26.3 26.4 '
1959 , 26.0 : . 26.2
1960 26.1 : 26.2
i S |

o
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- . Table 14 | )
Mean Annual Relative Humidity f01‘: Codrington and Seawell,
1942 - 60 (%)
Year Codrington Seawell
1942 i ‘ 73 | | 73 . A
' 1943 | 72 : .74 !
~ 1044 74 7
1945 . 73 76 : TN .
Q 1046 75 73
1947 70 68
.
1948 66 67"
1949 67 . 68
1950 | 68 ) 70.
1950 : . 70 ' 4 69
1952 - . ) 75 75
1953 , 74 ' 73
1954 ' 73 72
1955 73 74 S
1956 % 75 .
1957 B ‘ s ;
" 1958 , | 75 T4 ’
1959 6 76
1960 77 74

AAY
2
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Year

1942

1943

. 1944

1945
1946
1947
1948

1949

1950

1951
1952
1953
1954
1955
1956
1957
1958
1959

1960

~

Table 15

Mean Annual Sunshine Hours for Codrington and Seawell, {\\M/

~

1942 - 60

@,w._s.é.rzgt_orl

8.0

8,2

8.2

8.5

, 8.5
9.0

8.5

8.5

. 8.9
8.1

8.7

8.0

8.3

8.3

8.3
8.3,

8.6

Seawell

8.1
8.4
" 8.3
8.5
8.6
9.1
8.5
8.6
8.1
8.1
8.8
8.2
8.4
. 8.3
8.3

8.3

8.9

8.7
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FIG 27 (a)
DISTRICT E RAINFALL FLUCTUATIONS
g Monthly Totals
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FIG 27(c)

SEARLES RAINFALL FLUCTUATIONS 1
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