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FOREWORD 

The K i e l "Warmwassersphâre" rese a r c h programme, supported by the German 
Research S o c i e t y (DFG) c o n t r a c t SFB 133, has focussed on the No r t h East 
A t l a n t i c Ocean s i n c e i t s s t a r t i n 1980. The heat f l u x from t h i s r e g i o n of 
the ocean feeds the w e s t e r l y winds, m a i n t a i n i n g the m i l d w i n t e r c l i m a t e of 
NW Europe. The aim of the K i e l "Warmwassersphâre" re s e a r c h programme i s to 
improve understanding of the p h y s i c a l processes tha t c o n t r i b u t e to that 
heat source. 

The N o r t h E a s t A t l a n t i c i s one of the best observed re g i o n s of the World 
Ocean, and the océanographie l i t e r a t u r e c o n t a i n s many maps i l l u s t r a t i n g 
f e a t u r e s of the s u r f a c e , mixed l a y e r and p y c n o c l i n e t h a t are r e l e v a n t to 
our q u e s t . This m i s c e l l a n y c o n t a i n s a c o l l e c t i o n of such maps, redrawn on a 
sta n d a r d base c h a r t to f a c i l i t a t e comparison. The s e l e c t i o n r e p r e s e n t s 
h i g h l i g h t s from p a s t i n v e s t i g a t i o n s of the North East A t l a n t i c Warmwater-
sphere; the h i s t o r i c a l background to our own r e s e a r c h . Some well-known maps 
( n o t a b l y A. Bunker's s u r f a c e f l u x e s ) have been omitted because they are 
being reworked as part of our r e s e a r c h programme and w i l l be p u b l i s h e d 
elsewhere i n g r e a t e r d e t a i l . I would welcome suggestions f o r a d d i t i o n a l 
source m a t e r i a l f o r i n c l u s i o n i n f u t u r e e d i t i o n s . 

I t i s a p l e a s u r e to acknowledge the e x p e r t i s e of the head of the c a r t o ­
graphy group i n the K i e l I n s t i t u t f u r Meereskunde, Herr A. E i s e l e , who 
designed the base ch a r t and drew I t and the o v e r l a y d i s t r i b u t i o n s . 

John Woods 
K i e l , 8 June 1984 

Foreword to the second edition 

This second e d i t i o n c o n t a i n s new c h a r t s of ( f / H ) , p o t e n t i a l v o r t i c i t y on 
i s o p y c n a l s and annual displacement of p a r t i c l e s . 

John Woods 
K i e l , 1 J u l y 1987 
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VORWORT 

Das K i e l e r Forschungsprogramm "Warmwassersphäre" des Sonderforschungs­
b e r e i c h e s 133, das von der Deutschen Forschungsgemeinschaft f i n a n z i e r t 
w i r d , hat s i c h s e i t seinem Beginn im Jahre 1980 auf den nordöstlichen T e i l 
des A t l a n t i s c h e n Ozeans k o n z e n t r i e r t . Der Wärmefluß aus d i e s e r Region des 
Ozeans trägt zum milden W i n t e r k l i m a i n Nordwesteuropa b e i , indem d i e Wärme 
an d i e w e s t l i c h e n Winde abgegeben w i r d . Z i e l des K i e l e r Forschungsprogramms 
"Warmwassersphäre" i s t es, d i e p h y s i k a l i s c h e n P r o z e s s e , d i e zu jener Wärme­
q u e l l e b e i t r a g e n , besser zu v e r s t e h e n . 

Der N o r d o s t a t l a n t i k i s t eines der am besten beobachteten G e b i e t e des 
Weltozeans, und d i e ozeanographische L i t e r a t u r enthält v i e l e K a r t e n , d i e 
d i e Besonderheiten der Oberfläche, der durchmischten S c h i c h t und der Pyc-
n o c l i n e i l l u s t r i e r e n , d i e für unsere Forschungen r e l e v a n t s i n d . D i e s e r 
Sammelband enthält eine Anzahl s o l c h e r K a r t e n , d i e auf e i n e r Standardgrund­
k a r t e neu entworfen wurden, um den V e r g l e i c h zu e r l e i c h t e r n . Die Auswahl 
der K a r t e n repräsentiert d i e w i c h t i g s t e n früheren Forschungen der Warm­
wassersphâre des N o r d o s t a t l a n t i k s ; d e r h i s t o r i s c h e H i n t e r g r u n d für unsere 
Untersuchungen. E i n i g e a l l g e m e i n bekannte K a r t e n (wie d i e erwähnenswerte 
K a r t e der Oberflächenströmung von Bunker) wurden weggelassen, w e i l s i e a l s 
e i n T e i l unseres Forschungsprogramms neu b e a r b e i t e t und i n größerer Aus­
führlichkeit an anderer S t e l l e veröffentlicht werden s o l l e n . Hinweise auf 
w e i t e r e s Q u e l l e n m a t e r i a l , das für spätere A u f l a g e n mitberücksichtigt werden 
kann, nehme i c h gern entgegen. 

Es i s t mir eine besondere Freude, das fachmännische Geschick des l e i t e n ­
den Kartographen im I n s t i t u t für Meereskunde, Herrn E i s e l e , anzuerkennen, 
der d i e Grundkarte g e s t a l t e t e und s i e und d i e O v e r l a y - E i n t e i l u n g e n 
z e i c h n e t e . 

John Woods 
K i e l , 8. J u n i 1984 

Vorwort zur zweiten Auflage 

Diese z w e i t e Auflage enthält neue K a r t e n von ( f / H ) , p o t e n t i e l l e r V o r t i c i t y 
auf Isopyknen und jährlicher T e i l c h e n v e r s e t z u n g . 

John Woods 
K i e l , 1. J u l i 1987 
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F i g . 1 The North East A t l a n t i c i n s t e r e o g r a p h i c p r o j e c t i o n . 
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F i g . 2 Bathymetry, Ocean Weather S t a t i o n s , 
Track of K i e l "Sea Rover" c l i m a t o l o g i c a l s e c t i o n . 
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F i g . 3 Contours of (f/H) (based on a 1° square mean bathymetry of the 
GFDL, P r i n c e t o n , 1982). 
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NACW = North A t l a n t i c C e n t r a l Waters 
MNAW = M o d i f i e d North A t l a n t i c Waters 

F i g . 4 N o r a n c l a t u r e of water types and f r o n t s proposed by J . Meincke 1984 
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F i g . 5 C i r c u l a t i o n (megatonne/second) between 7°C ar-d 12°C isotherms 
a c c o r d i n g to L.V. Worthington (1?76). 
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F i g . 6 Dynamic topography of the ocean s u r f a c e r e l a t i v e to 1000 d e c i b a r s 
c a l c u l a t e d by the dynamic method u s i n g data c o l l e c t e d d u r i n g IGY 
P o l a r Front Survey 1958 (from G. D i e t r i c h 1969). 
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Dynamic topography of the 100 d e c i b a r s u r f a c e r e l a t i v e to 
700 d e c i b a r s , c a l c u l a t e d by the dynamic method us i n g data selected 
from the World Data Centre (from H. Stomnel, P. N ' i i l e r & 
D. A n a t i 1978). 

:!o·· 

40' 20' 

> 9öO. 

- 15 -

0' 

·- . .• 
2C 

20' 

·~. 

/ 

'_,, ~ }:'J 
'-1 j 

40' E 

.....___j 

·i'o 
Dynamic topography I 
100db relative to 700d~ 

Stommel et al.1978 !N 

200rr. 

DvruE',ic tnror.r~1phy of t-l'le HJO Jec i·:ar surf,.l<>~ rt"l-Jti·:·~· ,_-
7ÖO deci.b.1rs. c.:dt··~l~:tt~d b~· the d:v:l.J.T.ic ::tet::,_,(~ 1Jsiu_...: '1-:2.Ll s--~L,·.t: 
fro2 the i,)'nr:d D.:H~.;. l\~ntre (:'"rc•rn H. '3t·-~m::lel. r ~;.i_i_l_._-::- 6. 

D. "\nati T97ö). 



- 16 -

F i g . 8 Mean displacement i n one year at a depth of 25 metres 
(from J.L. Sarmiento and K. Bryan 1982). 
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Fig, 8 Mean displacement in one year at a depth of 25 metres 
(from J,L, Sarmiento and K. Bryan 1982), 
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F i g . 9 Mean displacement i n one year at a depth of 159 met 
(from J.L. Sarmiento and K. Bryan 1982). 
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F i g . 10 Mean displacement i n one year at a depth of 451 metres 
(from J.L. Sarmiento and K. Bryan 1982). 
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Fig. 10 Mean displacement in one year at a depth of 451 metres 
(from J.L. Sarmiento and K. Bryan 1982). 



F i g . It G e o s t r o p h i c eddy k i n e t i c energy c a l c u l a t e d from Seasat a l t i m e t 
data (from R.E. Cheney, J.G. Marsh & B.D. Beckley 1983) 
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Fig. 11 Geostrophic eddy kinetic energy calculated frorn Seasat altimeter 
data (fram R.E. Cheney, J.G. Marsh & B.D. Beckley 1983) 
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F i g . 12 Annual v e r t i c a l displacement by Ekman pumping (from A. G i l l 1982). 
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Fig. 12 Annual vertical displacement by Ekman pumping (from A. Gill 1982). 



F i g . J3 Annual mean s o l a r h e a t i n g (from M.I. Budyko 1974). 
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Fig. 13 Annual mean solar heating (from M. I. Budyko 1974). 
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F i g . H June mean s o l a r h e a t i n g (from M.I. Budyko 1974). 
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Fig. 14 June mean solar heating (from M.I. Eudyko 1974). 



F i g . 15 A p r i l mean cloud cover (from S.G. Gorshkov 1978). 
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April mean cloud cover (fron S.G. Gorshkov 1978). 

N 



F i g . 16 Annual mean s e n s i b l e heat f l u x (from M.I. Budyko 1974). 
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Fig. 16 Annual mean sensible heat flux (from M.I. Budyko 1974). 
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F i g . 17 Annual mean l a t e n t heat f l u x (from M.I. Budyko 1974). 
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Fig. 17 Annual mean latent heat flux (from M.I. Budyko 1974). 
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F i g . 18 Annual mean net energy f l u x (from M.I. Budyko 1974). 
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Fig. 18 Ammal mean net energy flux (from H. I. Budyko 1974). 
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F i g . 19 Anrmal mean p r e c i p i t a t i o n (from A. Baumgartner & E. R e i c h e l 1975). 
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fli5~. 1Y Annual mean precipitation (frorn A. Baumgartner & E. Reiche! 1975). 



F i g . 20 Annual mean e v a p o r a t i o n (from A. Baumgartner & E. R e i c h e l 1975) 
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Fig. 20 Annual rnean evaporation (Erorn A. Baurngartner & E. Reichel 1975). 



21 4naual mean net water f l u x (from A, Baumgartner & E. R e i c h e l 1975). 
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Fi~. ·-, A:mual rnean net water flux (from A. Baumgartner & E. Reichel 1975). 



F i g . 22 Carbon-dioxide p a r t i a l p r essure d i f f e r e n c e between the ocean and 
the atmosphere d u r i n g summer, based on GEOSFXS data 1972-1973 
(fromW.S. Broecker & T. Takahashi 1984). 
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Fig. 22 Cnrbon-dioxide partial pressure difference betwcen the ocean and 
the atmosphere during summer, based on GEOSECS data 1972-1973 
(from W. s. ßroecker & T. Takahashi 1984). 
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f o l l o w s : - -
(from R.R. Dickson 1972) 
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Fig 23 Secchi disk depth. The equivalent Jerlov optical water types are as 
follows: I (50 m), IA (40 m), IB (33m), II (23m) and lll (13m) 
(from R.R. Dicksou 1972). 



F i g . 24 Annual mean s a l i n i t y of the mixed l a y e r (from M.K. Robins 
R.A. Bauer & E.H. Schroeder 1979). 
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Fig. 24 Annual mean salinity of the mixed layer (from M.K. Robinson, 
R.A. Bauer & E.H. Schroeder 1979). 



F i g . 25 February mean temperature of the mixed l a y e r (from M.K. Robinson, 
R.A. Bauer & E.H. Schroeder 1979). 
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Fig. 2.5 February mean temperature of the mixed layer (from H.K. Robinson, 
R.A. Bauer & E.H. Schroeder 1979). 



F i g . 26 D e n s i t y of the mixed l a y e r i n w i n t e r (from S.G. Gorshkov 1978). 
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Fig. 26 Density of the mixed layer in winter (from S.G. Gorshkov 1978). 
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r'ig. 27 March mean depth of the mixed l a y e r (from M.K. Robins 
R.A. Bauer & E.H. Schroeder 1979). 
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l-'ig. 27 March mean depth of the mixed layer (from M.K. Robinson, 
R.A. Bauer & E.H. Schroeder 1979). 
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F i g . 28 March mean depth of the mixed l a y e r , based on the c r i t e r i o n 
AT = 0.5 K ( a f t e r S. L e v i t u s 1982). 
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Fig. 28 March mean depth of the mixed layer, based on the criterion 
l1T = 0,5 K (after S. Levitus 1982), 
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F*g. 29 March mean depth of the mixed l a y e r , baaed on the c r i t e r i o n 
Aa =0.125 kg/m3 (from S. L e v i t u s 1982). 

t 

Fig. /9 

- 37 -

Mixed layer 
depth: March 
a6,=0.125 
Levitus 1982 

200 m -··- -- 3000 m 

sgo ,._ 10po ~~ 2000 km 

590 ·=r· 1700 nm 

March mean depth of the mixed layer, based on the criterion 
Ac = 0.125 kg/m' (from S. Levitus 1982). 
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F i g . 30 Annual maximum depth of the mixed l a y e r c a l c u l a t e d w i t h a 
c o n v e c t i o n model (from N.N. Zubov i n S.G. Gorshkov 1979). 
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Fig. 30 Annual maximum depth of the mixed layer calc:ulated wi th a 
convection model (from N.N. Zubov in S.G. Gorshkov 1979). 



F l g . 31 August mean d i s t r i b u t i o n of pressure on the i s o p y c n i c surface 
o t = 26.5 kg/m 3 (from J . Bauer & J.D. Woods 1984). 

- 39 -

. . . . . . . . . 

Pressure on 61 ' 26.5 

August 

···200m -- 30QQm 

1ooc nm 
=' 

Fig. 31 August mean distribution of pressure on the isopycnic surface 
"t = 26.5 kg/m' (from J. Bauer & J.D. Woods 1984). 



F i g . 32 August mean d i s t r i b u t i o n of s a l i n i t y on the i s o p y c n i c surface 
a t = 26.5 kg/m 3 (from J . Bauer & J.D. Woods 1984). 
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Fig. 32 August mean distribution of salinity on the isopycnic surface 
"t = 26.5 kg/m' (from J. Bauer & J.D. Woods 1984). 



F i g . 33 August mean d i s t r i b u t i o n of i s o p y c n i c p o t e n t i a l v o r t i c i t y on 
o t = 26.5 kg/m 3 (from D. Stammer & J.D. Woods 1987). 
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Fig. l3 August mean distribution of isopycnic potential vorticity on 
at ; 26.5 kg/m' (from D. Stammer & J.D. Woods 1987). 



F i g . 34 Seasonal m i g r a t i o n of the su r f a c e outcrop of the i s o p y c n i c s u r f a c e 
at = 26.6 kg/m 3 (from D. Stammer & J.D. Woods 1987). 
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Fig. 34 Seasonal migration of the surface outcrop of the isopycnic surface 
at = 26.6 kg/m' (from D. Stammer & J.D. Woods 1987). 
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Fife. 35 August mean d i s t r i b u t i o n of pressure on the i s o p y c n i c surface 
o t = 27.0 kg/m 3 (from J . Bauer & J.D. Woods 1984). 
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Fig. 15 August mean distribution of pressure on the isopycnic surface 
"t ~ 27.0 kg/m 3 (from J. Bauer & J.D. Woods 1984). 
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F i g . 36 August mean d i s t r i b u t i o n of s a l i n i t y on the i s o p y c n i c surface 
crt = 27.0 kg/m J (from J . Bauer & J.D. Woods 1984). 
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Fig. 36 August mean distribution of salinity on the isopycnic surface 
at = 27.0 kg/m' (from J. Bauer & J,D, Woods 1984). 



F ig« 37 August mean d i s t r i b u t i o n of i s o p y c n i c p o t e n t i a l v o r t i c i t y on 
o t = 27.0 kg/m 3 (from D. Stammer and J.D. Woods 1987). 
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Fig. 37 August mean distribution of isopycnic potential vorticity on 
at = 27.0 kg/m 3 (from D. Stammer and J.D. Woods 1987). 



F i g . 38 Seasonal m i g r a t i o n of the surface outcrop of the i s o p y c n i c surface 
at = 27.0 kg/m 3 (from D. Stammer & J.D. Woods 1987). 
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Fig. 38 Seasonal migration of the surface outcrop of the isopycnic surface 
at = 27.0 kg/m' (from D. Stammer & J .D. Woods 1987). 
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F i g . 39 D e n s i t y a t a depth of 200 metres (from G. 
Wüst 1936) 
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Fig. 39 Density at a depth of 200 metres (from G. Wüst 1936). 


