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l-he extensive northeast region of Brazil experiences frecluent severe droughts that are

really catastrophic to the region, lilcc those of 1979 to 1983 (except 1981, considered
normal)-'l'he present stucly is a diagnostic one for the mean rnotttlrly fields of the atmos-
pheric precipitable water, water vapour flux ancl its horizotrtal divergence vertically
irrtegratecl betweerr the Earth"s surface to the level of 300 tnb. Thc nronths of February
arr{ March of 1980, were classified respectively as rainy and dry months. The study used

the equatio¡ clf water balance as applied tc.¡ tlte atnrosphere, and the divergence field for
the vertically integrated water vapour flux, obtained from the finite difference rnethod
usirìg a grid 2.5o wicie. The daily ra<iiosonde dal.a and the rnontltly preci¡titation data for
ttre netwc¡rl< of such stations over the regiorr lrave been used. l-he rnain oonclusion is that
thr.'northeast region of Blazil acts as sinl< of the attnos¡rlreric hr¡midity cluring the rainy
rnontlrs, while in the dry nronths, acts as a source ofhurnidity. Although a little variation
1lf total precipitable water has been cliagnosed spatially, this aspecl. in itself is not suffi-
cient to explain the oLrserved low total precipat¡on during the dry morrth.

A extensa regiâo do nordeste do Brasil experirnenta, frequentemerìte, secas severas, que

sâo verdadeiramente catastroficas à regiâo, como as ocorridas nos últlrnos anos de 1979

a 1983 (exceto para 1981, consiclerado normal). O presente estudo é um diagnóstico dos
campos mensais de água precipitável, fluxo de vapor d'água e sua divergencia horizontal,
integrados verticalmente entre a superf ície da Terra e o nível isobárico de 300mb. Os

meses de fevereiro e marÇo de 1980 foram classif icados, respectivamente. como chuvoso e

seco. O estudo utilizou a equação de balanço da água aplicada à atmosfera, sendo o cam-
po da divergência do f luxo obtido pelo método de diferenças finitas a partir de uma grade

com 2,5o de espaçamento. Os totais diários e mensais de precipitação, coletados durante
o período pela rede pluviométrica da região foram utilizados. Como conclusão, destaca-

mos que durante o mês chuvoso a região nordeste do Brasil atua como sumidouro de umi-
dade da atmosfera, enquanto no més seco comporta-se como fonte umidade. Embora se

tenha diagnosticado pouca variação na distribuição espacial dos valores de água precipi-
tável, este aspecto, por si só, não é suficiente para explicar o baixo total pluviométrico
observado na região durante o mds seco.

INTRODUCTION

The important role of the atmosphere and its general

circulation as a forcing factor for the water cycle has

long been recognized by climatologists and hydrologists.
However, the quantitative studies of the gaseous hemi-
sphere and its aerial runoff have only been possible after
the advent of an adequate network of aerological stations.
The study of the various f ields which characterize the f low

of water vapour in the atmosphere, is necessary for im-

provlng comprehension of the global water cycle and

interrelations between the terrestrial and the aerological

branches.

Ouantitative estimates of the total precipitable

water, ¡ts vertical distribution and of the total water vapour

f lux and its divergence have been made for linrited regions,

large continental areas, hemisphere and even f or the globe,

for periods of a few days, months, seasons, year and de-
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cades. Notable contribr"¡tions have becn those by []crrtorr &
Estoque (1 954) . Rasrnusso¡r (1 967, 1g'l1l f or North
America, by llutctrinç¡s (1961) for Australia, by [)eixotc.r

& Obasi (1965) for Caribben Sea arrd Gulf of Mexir;o, lry
Molion (19Ztj), for Arnazor¡ Basin arrrl North []razil, and by
Marques (1981) arrd /\rar'rjo (1982) for N[:: [Jrazil. lieixr¡ùcr
(19721 cornptlted peile to pok: watcr llalancc for the l(ìY
and Peixoto & Oor t (10f1:l) okrtaincd llrc global rlistrit¡utir_¡rr

cll the variorrs watcr vapour fiehls í'or 10 yr:ar ¡reri<1tl.
I lowarl:h (19tì3) cornprrtecl soasr¡rri¡l varial.ions of. w¿¡ter

vapour translìori fir:lcls r¡ver tlre ík¡rrlflcrn ilnrrir;¡rlrrlrc i'or
li ycar ¡reriod"

(brrsiclr..rinr¡ the irnçroritrrrr:e ol' watrlr Italtrrcc in ilrr:
ai.irrclsptrcro, [or ¡¡r'ie] anrl tc¡rti-¡¡rir.l inr¡irtnl;, ilrc tliorr¡¡hl
¡rrrlrrc rr:giorr of Nlì tJra.¿il aittl ilrr: iy¡tir;;rlly riiy ycitr i{lll0
was sclcr;i.r:tl ltlt i.lrc llroscni. r;i.rrr.ly. (.ln i.ltc lr¡rsil; oí' rnr¡rri.l¡ly

lrrrx;i¡rii.ai.iorr arralyr;i:; lrrtl ¡rcrr:oni.a1¡r,. rlo¡:rari:r.rrer r;h¿¡ri¡;, ii.

is ohscrved i.lri,ti,larruary il a riolrn;rl, l:r:hrr;rr-y tr t-airry,

í,ìnc] ivlíìrch i.er .lttly ;rl r: <:;l trcirrr.:ly r.irV irr(.!nirh5, iil :il:tr0ir.larrr:t¡

wii h rnoan rnorrilry ¡rrrrr:ipiirriion t:lrar¡s oí' :;i rarìtJ i'19/',4"
l:t.ri ¿ll ì.llt:sr; rriorii.li$, anrl i'ui i.lrc: r'c1¡ir.rrr oi' l\l lr llt"¿r¡.ì1,

bctwr.:ut 0o . 20() Íì ilntl ll0(| li(¡t) \Al, rx-rtit¡rttiaiionl; havc

llt-.Crr rrr¿¡rlt l(rr iÛi.;ll ¡lrrrr,i¡,ii;liir)rì \^/;ti.ot, it:j v(iri:¡(:al (lil;i.r¡

lrt.r iion, ¿ìrìcl f'oi i.lrc i.ot¿ll riroiri.lrly vviìir(:r v¿ìí!{)1..¡r í'lrr< ¡¡¡rrl

ii,s rlivrlrlleirrxr,

il,¡{r\l l:lil/\[. /\illl¡ i\/df r I Iil{ }¡.l

ln i-his irrvcsi.i.r.¡aiiorr, i.Irc rlaily an(l rr](]rìtlrly ¡rrcr;i¡ri
i¡rl icirr dat;,1 for 'l lill staiiorr;, antl i-lro rl;ril\¡ rarlior;orxlt-l

rli¡1.¿r l'or 'l 2 s1.¡.riion:; ovr¡r i.hc rogion hilvr) llccrr Ltsr:cl. I hri

wirlrl ilrrrl s¡lur:ii'ir: l-rr.rnrir-lii.y i'rorn i.lre r;r.rr'l'ar;c oi tlrc l:¿lri.h

to iìll0rrll for eac;lr st.andari levol, l'or caclt tlay, í.or caclr

racliclsundr,. st¿ìt¡on ll¿lvo btlcn used l'ol r;orn¡rutatiorr. ihc
cc¡uarlir:ns r.¡secl aro bascd r¡n l\, ,þ, l',1) r:oort1 ina1.c syr;lonr,

wl-rcrr: (À) reprcsenls ihc lonqitL.rcic, (ri)) i.lro l¿rtitu<tr, l' tire

airnos¡.rhr,:ric; prcssure ancl (r) tlrc f irrre. ln ì his systc.rn the

tolal prccipÌtabli; walcr in a unit r:olrirrrn of ¿rir [ror¡r the
[:artl-r's surfar:e io l]00¡¡¡ir li:vel is ç¡iven lly:

l\trnos¡tltei it; w¿tl.er v¿tltout' flu;i itt lVI ; II t,t¿il

north resl:ectively. I hus tlle, zonal ancl rrrerirlional cor¡l
ponents of tlre total water vapour flr.¡x ¡rre 1¡iverr try ilre
expressiofrs:
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where.rT is aceleration clue to gravity, q the s¡tecif ic humicl-
ity ancl l', the pressurc at the Liartlt's surface. -l-hc vertically
integrated total water vapour flux is calculated fronr the
express¡on:

û Ë lE l\hlAl,VÍìlfì; llN I tr[{l'[i [r I A'il {( t¡l! l\l\![ , Í( f ]l;tI l, { [;

(iharis havc. b<;en ¡rrcpared anrl arralysetl í'r.rr car:h oi'
tho abovc quarrtities [or each rnorrilr, ir'orir.lairrrary t<l .lrrly
19U0" A close r-,'xanrination of tlro rnonl hly prrtr:i¡rit.aiiun,
ancl its (.lep¿trt.Llrc charts (liiç¡s" 'l arrd 2) l;hows tltat 1l'ro

monilr of l':ebruary w¿ls coutpiltativcly íì r¿ìiny rrroni.h,
ancl the rnorrth cll' Marcll, an anornalously clry rlnc, ancl resl.

o1' tllo ntonl.hs were also very dry" [:or or;orrorny of spacr:,
the charl.s of those two ty¡rical rrtonths, l:ebrrrary arrrl

March, 1980, along with the rr:sults aro prcsonlccl bclclw.

a. f:oreci¡ritablc water

l-he vertical distril¡ution of s¡rccific hurnidity ([;igs.
3 and 4) shows that detring the anornalously dry morrth of
March, tlrere is a increase of vertical graLJient betweerì
the srrrface and /j)nb lcvel. llurinq rainy mclnth of F:eLr-

rr-rary, thr,: vertical graclients of sper:if i<; lrunriclity t¡ctwecn
thc. surface ¿¡rld the TOotrtb aro rìot i.llai. stronil.

l-hc spatial cl istribt.rtion of' Iot¿rl prccipitablc water
during the rainy rnontlr of lrctrruaty 19U0 (l:ig.5a) shows
two ¿ìreas wiih rn¿¡xilrrurrr valrrcr;. Ilrr: i'iir;i onc wiill ¿l value

s
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where V represents tlle horizontal wind veclor, which has

zorral artcJ tÌt{}ricliotìal oonìllo¡ìorìts, ¿l for casi a¡rcl y for



BOO

Hukum Singh Rathor, M*æs Albrto Andnde de Araúio e cléa cardoæ de Mello t09

1: 7c)0
¿," -

200

a

a,'

600

900 500

" PLUVIOMETRIC

. AEROLOGICAL

a a

a
,6OO

600

4Ô

O

è
Y

v

O

v

Y

èv
AJ

O
o25

è
O
o

q
o 200

loo

roo

" PLUVTOMETRC

O AEROLOGICAL(A) STATION

STI\TION
(B) STATION

STATION

Figure 1- Total of precipitation hml. Al February and B)March of 1980.
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Figu re 3 - Vertical distribution of specific humidiry q(S.kS-l )

for each standart level P(mb), for follovving aerological
stat¡ons: São Lr.¡iz (SL), Fortaleza GZl, Natal (NT),
Fernando de Noronha (FN), Floriano (FR), petrolina
(PL), Recife (RF), Brasília (BR), Bom Jesus da Lapa
(LP) and Salvador (SV). February-.|g80.

of about 58mm, is located over northwest of the state of
Maranhâo, and another with a value of about 50mm is

located over the coastal region of the state of Bahia. Besides

Figu re 4 - Vertical distribution of specific hum¡dity q(S.kS-1)
for each standart level (P(mb), for following aerolo
gical stations: São Luiz (SL), Fortaleza (FZ), Natal
(NT), Fernando de Noronha (FN), Floriano (FR),
Petrolina (PL), Recife (RF), Brasília (BR) and Sal-
vador (SV). March - 1980,

this the isolines of precipitable water depict a trough like
structure with its axis oriented in the northeast to southwest
direction and pass¡ng over the interior of the region. Similar
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conf¡gurat¡ons have also been obtained by Araújo (1982)

and Rathor et al. (1983) in their diagnostic studies' The

minimum values of about 38mrn are observed in the extreme

southwest of the region i. e. over the state of south Goias'

During the anomalously dry period, i. e. the month of

March, 1980, the configuration of the field of total pre-

cipitable water (Fig. 5b), though similar to that of Feb-

ruary, shows very strong north-south gradients along

longitude 459W, and east-west gradients along latitude

1595. Besides this, a major part of the area of NE Brazil

is enclosed by the isopleth 42mm, with values much lower

in the interior of the region. ln this configuration, a maxi-

mum value of about 60mm is located in the northwest

and a minimum of about 28mm is observed over the

southern Part of the state of Goias,

b. The Water Vapour Fluxes, Zonal, Meridional and

Total.

During the iainy month of February, the zonal

flux is predominantly from the east over the major part

of the area of study. During the dry month of March,

the zonal flux over whole region is from the east with much

more intensity than that of the rainy month. The meri'

dional flux of water vapour during the rainy month of

February is from south over the states of Ceará, Rio Grande

do Norte, West Pernambuco and part of the state of Paraí-

'11',

ba. Over the rest of the region, the meridional flux is from
the north, throrgh relatively üveak. During the dry month
of March, the meridional flux is predominently from the
soutfi over the whole of the region.

The configuration and intensity of the total water

vapour flux during the rainy and dry periods depict mark-

edly different features. During the rainy month (Fig, 6a),

there is predominence of flow from east to west over the

north coastal region. As the flux penetrates, its direction
gradually turns to the south and the intensity decreases

to about 113 of its initial value. During the dry month
(Fig. 6b) the total flux is directed from east-south'east

over the major part of the region, while in the southern

part of the region the flow is directed from the east. lt is

also observed that the intensity of the total flux during

the rainy month is less than that during the dry month'

G. The field of the Divergence of the Total Water

Vapour flux.

The field of divergence of the total water vapour flux
during the rainy month (Fig. 7a), February 1980, shows

an area of significant convergence (: - SOOmml located

over states of Piaui and Ceará, This area is characterized

by an excess of precipitation over evaporation and is in

conformity w¡th the atmospheric water balance require'

ment, and strong convergence of water vapour flux is

responsible for the above normal precipitation (Fig. 1a).
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On the other hand. the flux divergence (: + 40omm)
extends over the states of Rio Grande do Noth, Pararba,

Pernambuco. Alagoas and Sergipe, This area is associated

with very scarse observed precipitation.
During the anamolously dry month of March, 1980,

the divergence f ield of total water vapour f lux (Fig. 7b)

depicts an area of weak convergence (: - lO)mml over
the western part of the state of Bahia and Minas Gerais

and over the south part of the state of Goias. lnspite of
this convergence, no precipitation occurred over the region

concerned, obviously because of the very low values of
precipitable water. Over the major part of NE Brazil region,

strong divergence (3 + 3ojmml is observed, and it covers

practically all the states, except part of west Bahia, north-
west Minas Gerais and the adjoining part of Goias. The
large area of NE Brazil, convered by strong divergence is

virtually without any precipitation, and naurally evap-

oration is quite in excess of precipitation. Thus on account
of atmospheric water balance requirement, the region of
NE Brazil, acts as a source of water vapour¡ during the
typically dry periods.

CONCLUSIONS

The vertical distribution of specif ic humidrty during
dry months shows increase oT vertical gradient: between
the surface and TOOmb level, than that during the rainy
rnonths.

. PLUVIOMETRIC

. AEROLOGICAL

STATION

STATION

The isopleths of total precipitable water depict a

through like configuration, with its axis oriented in the
noreast to southwest direction, with lowest values in the
southwest of the region. The axis of this through passes

over the interior of the region with dry conditions there.
The values of total precipitable water depict a signifi-

cant difference between the rainy and dry periods. The
stations in the interior of the region have much lower
values of total precipitable water during dry periods than
those during the rainy periods.

ln general, the values of the zonal and meridional
components of water vapour flux are higher during the
dry periods than those during the rainy periods. This is

due to the intensif ication of the trade winds, because of
the intensity and proximity of the South Atlantic h¡gh.
This conclusion is in conformity with the findings of
Hastenrath and Heller (19771 and Mello (1983) . ln the
rainy months the intensity of the zonal f lux decreases
from east towards west and more so towards the interior
southwest of the region of NE Brazil.

The field of total vertically integrated water vapour
f lux shows marked distinction between the rainy and dry
months. During the rainy months, there is a predominance
of flux from the east or east-north-east over the region of
NE Brazil. This conclusion is in conformity with that of
Rathor et al. (1983) . During the dry months, there is a

predominance of f lux from east-south-east and from south-
east.

ln general the areas with vertically integrated total

".,0,



water vapour f lux convergence are associated w¡th the

areas of precipitation, whereas areas with divergence are

associated with little or on precipitation.
Finally, in accordance with the atmospheric water

balance equation, an examination of the divergence f ields

shows, that in general, during the dry periods, the NE Brazil

region acts as a source of water vapour for the atmosphere.
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