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Summary 

Two m e g a m e t e r  long XBT sections pass ing  through the Atlant ic  b e t w e e n  
the Iber ian  Pen insu la  and  the equator ia l  Brazilian shelf, and  b e t w e e n  the 
Pen insu la  and  the Cape  region  of South Africa were  ob ta ined  dur ing  supply  
cruises to the Antarct ic  in N o v e m b e r  1980 and  March 1981. Most of the indivi-  
dual  probes reached  an  observat ion  depth  of near ly  800 m al lowing s ta tements  
on the thermal  stratification and  zonat ion  of the Warmwassersphi~re in  the open  
ocean. Our  n e w  data  are compared  with a n u m b e r  of earlier long sections. As a 
genera l  result  we ident ify five zones  dividing different hydrographic  regions.  
Zone 1 is character ized by  the clear in f luence  of the M e d i t e r r a n e a n  Undercur -  
rent  on the lower b o u n d a r y  of the Warmwassersphi~re creat ing near ly  thermo- 
static condi t ions  be low 300 m off Portugal.  The ad jacent  zone 2 is ident ica l  with 
the Subtropical  Convergence ,  where  the Warmwassersphi~re reaches  its maxi-  
m u m  depth  (15 ~ isotherm at abou t  300 m). We call the equator ia l  reg ion  zone 
3 and  p resen t  an  improved  scheme of its current  system and  its thermal  stratifi- 
cation. Zone 4 is m a r k e d  by the Bengue l a  Curren t  and  its nor the rn  extension.  In 
a final zone 5 we show the in f luence  of the Agulhas  Cur ren t  ex tens ion  on the 
stratification. 

XBT-Beobachtungen zur thermischen Struktur der Warmwassersph~ire 
in ~iquatorialen und niederen Breiten des 6stl ichen Atlantiks 
(Zusammenfassung) 

Im N o v e m b e r  1980 u n d  Mfirz 1981 w u r d e n  auf Versorgungsfahr ten  zur 
Antarkt is  zwei l ange  XBT-Schni t te  gewonnen .  Sie ver laufen  zwischen  der  
Iber i schen  Ha lb inse l  u n d  dem f iquator ialen bras i l i an ischen  Schelf bez i ehungs -  
weise der Kapreg ion  von  Siidafrika. Die meis ten  Sonden  re ich ten  bis zu e iner  
Mel~fiefe von  800 m, so dal~ A u s s a g e n  zur the rmischen  Sch ich tung  u n d  horizon- 
ta len  G l i ede rung  der Warmwassersphf i re  im offenen Ozean  m6gl ich wurden .  
Wir ve rg le i chen  unse re  n e u e n  Da ten  mit  e iner  Reihe von  frtiher g e w o n n e n e n  
Schnit ten.  AIs Ergebnis  e rha l t en  wir f/inf un terschied l iche  hydrographische  
Regionen.  Zone  1 ist g e k e n n z e i c h n e t  du tch  den  k la ren  Einflug des Mit te lmeer-  
ausstromes,  der an  der Untersei te  der  Warmwassersphf i re  west l ich Portugals  
un te rha lb  von  300 m n a h e z u  thermosta t ische B e d i n g u n g e n  schafft. Die an-  
schlieBende Zone  2 ist ident isch  mit  der Sub t ropenkonvergenz ,  i nne rha lb  derer  
die Warmwassersph~ire ihre Maximal t iefe  (15-~ bei  e twa 300 m) er- 
reicht. Die fiquatoriale Region n e n n e n  wir Zone 3. Es wird e ine  f iberarbei te te  
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Dars te l lung der  StrOmungs- u n d  Tempera turschichtungsverh&ltn isse  dieser  Re- 
gion gegeben .  Die Zone  4 ist durch  den  Bengue la  Strom u n d  se ine  nOrdlichen 
Ausl~ufer  gepr/igt. In der le tz ten Zone 5 wird der EinfluB des Agulhas-St rom-  
Ausl~ufers auf die Schichtung vorgestellt .  

Des observat ions  XBT sur la structure thermique  de la Warmwassersphiire 
dans les  lat i tudes  6quator ia les  et basses  de l 'At lant ique  or ienta l  (R6sum6) 

En n o v e m b r e  1980 et mars  1981 on a ob t enu  deux  longues  sections XBT 
p e n d a n t  des voyages  d ' app rov i s i onnemen t  ~ l 'Antarc t ique.  Les sections passen t  
entre  la p ~ n i n s u l e  Ib6r ique et le p la teau  6quatorial  bras i l ien  et ent re  la p6nin-  
sule Ib6r ique et la r6gion du Cap de l 'Afr ique du Sud respec t ivement .  La phi-  
part  des sondes  descenda ien t  jusqu '  /i 800 m, ce qui  a permis  d 'ob ten i r  des 
r e n s e i g n e m e n t s  sur la stratification the rmique  et la  s t ructure hor izontale  de la 
Warmwassersphiire en  haute  mer. Nous avons compar6 nos nouvel les  donn~es  
avec une  s6rie de sections ob tenues  plus t6t. Nous en  avons  ob t enu  comme 
r~sultat c inq zones  hydrographiques .  La zone 1 est caract~ris6e par  r i n f l u e n c e  
6vidente  du courant  profond de la M6di ter ran6e  sur la c6t6 inf~rieure de la 
Warmwassersphiire, ce qui  cr6e des condit ions p resque  thermosta t iques  aux 
profondeurs  exc~dant  300 m ~i l 'ouest  du Portugal.  La zone 2 ad jacente  est 
identiclue ~ la convergence  subtropicale,  o~ ]a Warrnwassersphi~re at teint  sa 
profondeur  max imale  (isotherme de 15 ~ h envi ron  300 m). Nous d~signons la 
r~gion 6quator iale  la zone 3, et nous  pr6sentons  u n  sch6ma r6vis6 des syst~mes 
des courants  et des stratifications thermiques  de cette zone. La zone 4 est mar-  
quee  par  le courant  Bengue la  et son extens ion  vers le nord. Dans  la zone 5 nous  
p resen tons  l ' in f luence  de l ' ex tens ion  du  courant  Agulhas  sur la stratification. 

1 Introduct ion 

On the occasion of the G e r m a n  Fi lchner  Ice Shelf Expedi t ion 1980/81 we had  an  
oppor tuni ty  to map  large parts of the Warmwassersphdre in  both hemispheres  of the 
eas tern  Atlantic Ocean.  The Warmwassersphi~re is def ined  as the uppe r  part  of the 
ocean  b o u n d e d  towards the poles by the polar fronts and  be low by  the 10 ~ isotherm. 
The special impor tance  of this relat ively thin warm water  layer  comes from the meri-  
dional  heat  t ransport  which  takes place wi thin  this s t ra tum and  which  feeds the atmo- 
sphere  in  the modera te  and  h igher  lat i tudes.  In  con t inua t ion  of a n  earlier series of 
megame te r  long  t empera tu re  sections ( H e n k e  [1978]; H e n k e  a nd  Z e n k  [1980]), 
we compiled two n e w  sections of expendab le  b a t h y t h e r m o g r a p h  (XBT) observations.  
In contrast to our earlier observations,  most of our n e w  profiles cover the whole  Warm- 
wassersphi~re, s ince 760 m probes  could be used. While  our activity on the s o u t h b o u n d  
leg (section K) on the RV "Polarsirkel" in December  1980 had  to be  l imited to the 
direct course of its des t ina t ion  port in  South America,  the re tu rn  leg (section W) in  
March 1981 devia ted  from the shortest course and  led through the eas te rn  deep  bas ins  
of the Atlantic (Fig. 1). Thus, shelf effects on the thermal  stratification of the Warmwas- 
sersph~ire could be avoided. As a nomina l  dis tance b e t w e e n  XBT stations, 56 km was 
chosen. In areas of special  interest  the station dis tance was  r educed  to 28 km. In total, 
312 XBT observat ions  were  obta ined,  133 on section K and  179 on sect ion W. The rea- 
der is referred to G e o r g i ,  D e a n and C h a s e [1979] for informat ion  about  tempe-  
ra ture  and  depth  accuracy of the XBT probes. 
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Fig. 1. Track lines of selected XBT sections across the Atlantic Ocean  
(Sections K and  W are shown in Fig. 2 and 3) 
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2 Temperature distribution along section K 

This sect ion (Fig. 2) was  ob ta ined  dur ing nor th  win te r  and  intersects  the a rea  
b e t w e e n  the eas te rn  Iber ian Basin (42 ~ N) and tropical  la t i tudes (10 ~ S) of the Brasilian 
shelf. The  observa t ions  took 13 days. Hydrograph ica l ly  the  sect ion can  be  d iv ided  into 
three  zones. 

From north to south, the first zone  follows roughly  the Iber ian  Shelf  off Por tugal  to 
a chain of sea mounts  sou thwes t  of Portugal.  A mixed  layer  dep th  d o w n  to 80 m is pre- 
sent. In the horizontal ,  the  t empe ra tu r e  increases  gradua l ly  by 5 ~ km. Also cha- 
racterist ic of this reg ion  is the w e a k  the rmal  stratification in mid  dep th  range,  that  
main ly  or iginates  from hea t  diffusion from the under ly ing  M e d i t e r r a n e a n  Outf low 
( Z e n k  [1971]). 

The  ad jacen t  second  zone  of Section K covers  the Subtropical  C o n v e r g e n c e  Zone. 
It beg ins  with a s ignif icant  drop of the 15 ~ i so therm (stations 15 to 20) sou thwes t  of 
the J o s e p h i n e / G e t t y s b u r g  Bank reg ion  at about  37 ~ N. This drop probab ly  caused  by 
topography  can be  obse rved  in severa l  XBT sect ions (Tab. 1). Typical  of this division 
which  reaches  its southern  bounda ry  near  16 ~ N is the wel l  m a r k e d  deep  thermocl ine .  
Concur ren t ly  wi th  the near ly  hor izontal  or ienta t ion of the deep  thermocl ine ,  we  ob- 
serve a dec rease  of the ver t ical  ex ten t  of the Warmwassersph~re from grea te r  than  
800 m to approx imate ly  400 m within  1600 km. It is r e p r e s e n t e d  by the cont inous slope 
of the 10 ~ isotherm.  

Al though  the  XBT sect ion is not  totally free of a zonal  c o m p o n e n t  (K a t z [1977]), 
the horizontal  t e m p e r a t u r e  grad ien t  shows the p r edom inen t i y  mer id iona l  i so thermal  
slopes of the equa tor ia l  region.  In the third zone, the Warmwassersph~re r e p r e s e n t e d  
by the 10 ~ s t ra tum rises in steps from 400 m near  the Cape  Verdes  to 280 m north of 
Fe rnando  de Noronha .  Fur ther  south towards  the Brasilian Shelf, it s lopes down  to 
380 m again.  The  typical  doming  of the 11 ~ wa te r  nea r  9 ~ N, the  G u i n e a  Dome,  is 
found r epea t ed ly  in this area  as an express ion  of a cyclonic gyre  in conjunct ion  wi th  
the North Equator ia l  Coun te r  Current .  The  area  of h ighes t  surface t empera tu res ,  the 
thermal  equator ,  obse rved  at 4.5 ~ N coincides  wi th  comparab l e  observat ions  by 
B e c k e r ,  H e n n i n g s  and M e t z n e r  [1981] and  H u b e r ,  M i l l e r ,  W e i s b e r g  
et al. [1976]. The  t e m p e r a t u r e  di f ferences  b e t w e e n  t h o s e s e c t i o n s  cor respond  to the 
seasonal  var ia t ions  of the surface t empera tu re  in that  r eg ion  as shown  by M e r 1 e ,  
F i e u x and H i s a r d [1980]. Other  character is t ic  fea tures  are the  equa tor ia l  thermo-  
s tad ex tend ing  from 4 ~ S to 4 ~ N and the sp read ing  of the the rmoc l ine  at the equator .  
Both features  are  par t  of the South (SEUC), the North (NEUC) and  the  Equator ia l  
Undercur ren t  (EUC) f lowing eas tward  at about  240 m (SEUC, NEUC) and 90 m (EUC) 
depth.  Due to the locat ions of the undercur ren t s  and  the equa tor ia l  d ive rgence ,  a mini-  
m u m  of the the rmos tad  occurs at the equator .  Whi le  the SEUC ex tends  from Brazil to 
the Golf of G u i n e a  ( M o l i n a r i ,  V o i t u r i e z  and D u n c a n  [1981]), the N E U C  
breaks  up east  of 28 ~ W (C o c h r a n e ,  K e 11 e y and  O 11 i n g [1979]). Therefore ,  only 
a w e e k  indicat ion of the  N E U C  is found in this section. The  sharpes t  the rmoc l ine  
occurs above  the  SEUC and N E U C  with  a ver t ical  t empe ra tu r e  g rad ien t  of 12 ~ m 
at 3 ~ S and 12 ~ m at 4 ~ N. The  locat ion of the  equator ia l  cur ren t  sys tem of severa l  
se lec ted  XBT sect ions is summar i zed  in Tab. 1. 

3 Temperature distribution along section W 

A second, long XBT sect ion connec t ing  the Agulhas  Cur ren t  ex tens ion  area  
(31 ~ S) with the sou the rn  Iber ian Basin (36 ~ N) was  ob ta ined  dur ing  18 days in nor thern  
spring (Fig. 3). Again ,  from the t empe ra tu r e  distributions, the a rea  can be  d iv ided  into 
hydrograph ic  zones.  In addi t ion to the three  divisions a l ready  seen  in sect ion K, we  
h a v e  to add  more  for the  southern  Atlantic.  

C o m p a r e d  to the first zone of sect ion K, t empera tu re s  at the surface  near  the Ibe- 
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r ian Peninsula  are 1 or 2 deg rees  lower.  Assoc ia ted  with the  obse rved  surface coohng  
is the m a x i m u m  of the deep  win te r  convect ion.  It c learly can be  seen  from the  w e a k e r  
the rmal  stratification and  a p r o n o u n c e d  d e e p e n i n g  of the 15 ~ isotherm.  Of course, 
the inf luence  of the M e d i t e r r a n e a n  outf low wate r  is p resen t  in the U p p e r  D e e p  Water  
of the first zone  be low  650 m. South of the sea moun t  chain  J o s e p h i n e / G e t t y s b u r g  
Bank, which  represen t s  the t ransi t ion to the second  zone, nea r  Madei ra ,  we  observe  
the character is t ic  drop of the 15 ~ i so therm a l ready  seen  in sect ion K from 180 m 
down  to 290 m wi th in  150 kin. The  systemat ic  sou thbound  dec rea se  of the Warmwas- 
sersphOre, r e p r e s e n t e d  by the 10 ~ isotherm, coincides  wi th  sect ion K. Towards  the 
C a p e  Verde  Island, an uppe r  the rmocl ine  is forming,  wh ich  g radua l ly  sharpens .  

In the equa tor ia l  region,  the third zone, the the rmoc l ine  cont inues  sha rpen ing  and 
the dep th  of the 10 ~ i so therm shoals towards  the equa to r  up to 300 m. Due  to the dif- 
ferent  locat ion of sect ion W (Fig. 1), the  Gu inea  Dome  cannot  be  observed .  The  mixed  
layer  depth  at the equa to r  d iminishes  from 80 m in sect ion K to 20 m in sect ion W in 
accordance  with  the eas t -wes t  s lope of the i so therms shown by M e r 1 e [1980]. Also, 
the min imal  mixed  layer  dep th  at the north equator ia l  d i v e r g e n c e  zone  is ge t t ing  dee-  
per  towards  the wes t  (cf. Tab. 1). At the the rmal  equator ,  5.5 ~ N, the  surface t empera -  
ture exceeds  29 ~ coinciding with  the seasonal  var ia t ions  in the  equa tor ia l  Atlantic  
descr ibed  by M e r 1 e [1978]. The  equator ia l  thermostad ,  p r e s e n t e d  by a sp read ing  of 
the 13 ~ and 15 ~ i so therms is found b e t w e e n  4 ~ S and 3 ~ N in a dep th  of 80 to 260 m 
with  the sharpes t  the rmocl ine  at 2 ~ N (12 ~ m ) a n d  3 ~ S (12 ~ m). 

In the fourth zone,  south of 10 ~ S, the sect ion encounte rs  the no r thw es tw a rd  exten-  
sions of the B e n g u e l a  Current .  This part  is charac te r ized  by a smooth  t empe ra tu r e  
distr ibution wi th in  the Warmwassersph~re. Its ver t ica l  extent ,  l imi ted by the 10 ~ iso- 
therm, expands  from 280 to 320 m depth.  The  u p p e r  part  of the ma in  the rmoc l ine  wea -  
kens  gradually.  Within  the mixed  layer,  we  find a hor izonta l  t e m p e r a t u r e  g rad ien t  of 
approx imate ly  3 ~ kin. 

The  ad jacent  fifth zone  covers  the area  of the Walvis -Ridge  at 23 ~ S and the C a p e  
Basin towards the South  Afr ican Shelf. This part  is g o v e r n e d  by an e d d y - h k e  fea ture  
caused  by the ex tens ion  of the Agu lhas  Current.  H a r r i s, L e g e c k i s and  F o r e s t 
[1978] showed  that  d u e  to the southeas ter ly  winds,  appea r ing  espec ia l ly  in the sou- 
thern  summer ,  a b r anch  of the Agu lhas  Current  somet imes  passes  into the South At- 
lantic. Even  at 19 ~ S, D a r b y s h i r e [1966] obse rved  a T/S- re la t ionship  cor respond ing  
to Agulhas  water .  In two ear l ier  sect ions m a d e  in J u l y / A u g u s t  1978 and  March  1980 
(H e n k e [1978]; H e n k e and  Z e n k [1980]), an eddy- l ike  fea ture  was  also found at 
exact ly  the same  location.  At the end  of this zone,  there  is an  indica t ion  of the shelf 
e d g e  d i v e r g e n c e  bel t  sepa ra t ing  the  w e a t h e r  domina t ed  B e n g u e l a  Current ,  f lowing 
a long  the coast, f rom the  c l imate  forced Trade  Wind Drift (D e f a n t [1936 a]; H a r t 
and  C u r r i e  [1960]; B a n g  [1971]). 

4 Summary 

We have  p r e s e n t e d  two n e w  quas i -mer id iona l  and quas i - synopt ic  XBT sect ions 
from the eas tern  Nor th  and South  Atlantic.  Due to natura l  var ia t ions  in t ime and  space, 
one needs  synopt ic  data  sets to descr ibe  the m e a n  proper t ies  of the Warmwassersph~- 
re. While a n u m b e r  of p e r m a n e n t  fea tures  can a l ready  be  ex t rac ted  from avai lable  
data  collections, others  of a more  t rans ient  nature,  such as the ver t ica l  scales,  the hori- 
zontal  zonat ion and  var iabi l i ty  of eddy  size and f requency ,  n e e d  a statistical t r ea tmen t  
of data  h o m o g e n e o u s  in t ime and space. In Table  1, we  p resen t  a n u m b e r  of characte-  
ristic proper t ies  of the  Warmwassersph~re in equator ia l  and  lower  la t i tudes  as de r ived  
from sections K and  W and  from other  XBT sections in the htera ture .  The  t rack l ines of 
the discussed cross sect ions are dep ic ted  in Fig. 1. In addi t ion to Tab le  1, we  presen t  
an upda t ed  pic ture  (D e f a n t [1936 b]) of the t empe ra tu r e  and  cur ren t  sys tems at the 
equa tor  (Fig. 4), w h e r e  our data  cove rage  was  best. Recent  f indings on var ious  equa to-  



D t . h y d r o g r . Z . 3 5 ,  1 9 8 2 .  H . 2 .  K n o l l  e t  a l . ,  S o m e  X B T - o b s e r v a t i o n s  7 9  

a: 

~.~ 

a- o- !g u ~0j I o 
,~ ~ o Z 

~ o  
o r  

m u  
. u a O  

~ ~ < 

Z 

z N 

z 

z o  ~ 

iZ~ Zo Z Z ~ oo z 

~ o  : ~  ~ Z ~ ~ o Z ~ o ~  

z ~  z o Z  z 

Z~ o~ u o o o ~ ~  ~ 
'~~ : ~  ~ Z ~o m ~  o Z ~ ~ o  

%~ . o  - " % 

%~ Z Z@ 

~ N  ~ ~ Z  o Z ~- 

~ G 9 O  ~w ~ q A  c o r m  o3 

e u-~ , 

o ~ o  o Z ~ 

2 

U 

6 
m 

~ .~  ~ 

,e .~ 

z 

b ~  z u  o J~ Z 

z z 
Z~_ Z o ~  Z 

Z to ,= S 
~ Z U  z o Z ~ o Z 

o o  o . 

o "~ ~.T- ~ ~ o o - ~ ~ .~  u ~  ~ ~ 
0 "U u . m  
u ~  

F~ F . i - -  L )  

~w ~ r m m 09 m m co e~ m r co 



80 Dt.hydrogr.Z.35, 1982. H.2. K n o l l  et al., Some XBT-observations 

O-- 

lO0-- 

I ZOO-- 

200 - -  

I 
EQUATORIAL NORTH EQUATORIAL DIVERGENCE 

i0 
4 ~. DIVERGENCE (MINIMAL MIXED LAYER DEPTH) 

02~ l NORTH EQUATORIAL I 
m ~ i CONVERGENCE I 

/ 

I ~ ~ I S  o ~  
THERMOSTAO 

! SUBTHERMOCL INE~ THERMOELINE 

l i I i I I I I I I I i I I i i 
I0 ~ S ~ 0 ~ ~-- N IO ~ 20 ~ 

Fig. 4. Generalized graph of the equatorial temperature stratification and current system in 
the Warmwassersph~re according to D e f a n t  [1936 b]. Several XBT sections across the 
Atlantic Ocean ( B e c k e r ,  H e n n i n g s  and M e t z n e r  [1981]; B r o c k m a n n ,  F a h r -  
b a c h  and M e i n c k e  [1980]; H e n k e  and Z e n k  [19801; H e n k e  [1978]; H u b e r ,  
M i l l e r ,  W e i s b  e r g  et al. [19761 and current measurements ( M o l i n a r i ,  V o i t u r e z  and 
D u n c a n  [1981]; D t i i n g ,  O s t a p o f f  and M e r l e  [1980]; C o c h r a n e ,  K e l l e y  and 
O 11 i n g [1979] are included. Due to the variations of depth and latitude of the illustrated fea- 

tures with season and longitude, their positions can only be given approximately 

rial current  b ranches  by D / i i n g ,  O s t a p o f f  and M e r l e  [1980]; C o c h r a n e ,  
K e l l e y  and O i l i n g  [1979] and M o l i n a r i ,  V o i t u r i e z  and D u n c a n  [1981], 
are inc luded  in Fig. 4. This note  is a p resen ta t ion  of some pre l iminary  results of our 
ongo ing  work. 
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