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ABSTRACT 
Satellite data (thermal and color imagery) show that offshore flowing filaments off the west coasts 
of North America, North and South Africa can influence significantly the cross-frontal mixing in the 
coastal upwelling zones. To evaluate this role, we investigated structure, dynamics and behavior of 
surface filaments in the Canary and Benguela upwelling regions on the base of daily satellite IR 
and VIS imagery (AVHRR NOAA, MODIS-Aqua). It was found that seasonal variability of the fila-
ments location depends on intra-annual shift of general upwelling intensity along the coast. The 
main statistical characteristics of filaments - length, width, temperature anomaly and estimates of 
velocity were obtained. Estimates of cross-frontal water exchange due to filamentation based on 
the statistical data show that these coherent structures play a major role in the water and particle 
exchange between coastal zone and the open ocean in both upwelling regions. 

INTRODUCTION 
One of the important problems in the oceanography of the wind-driven upwelling regions of the 
Ocean is the investigation of water exchange processes in the coastal zone. Satellite data (thermal 
and colour imagery) have changed our view on these processes after the discovery of cold, chlo-
rophyll-rich, narrow (< 50 km wide) offshore flowing filaments off the west coasts of North America, 
North and South Africa, and Portugal (1-22). 

It has been pointed out that these features represent an effective mechanism of seaward transport 
(1-2 Sv) of nutrients and plankton biomass from the coastal zone, and that this transport contrib-
utes significantly to production offshore (7,16). Besides that, it was found that suspended matter, 
formed on the shelf, propagates offshore not only along the sea surface and the bottom, but also at 
intermediate depths. It it is still unclear to what extent these filaments contribute to the water ex-
change and to suspended matter lateral transit between the coastal zone and the ocean. More-
over, 3D structure and a real length of upwelling filaments are unknown. 

This paper focuses on the filaments of northwest and southwest African upwelling regions, and 
evaluates their role in the cross-frontal water exchange.  

NW AFRICAN UPWELLING REGION 
The main characteristics and seasonal variability of the system of filaments in the upwelling zone 
between 15o and 26oN were determined from a series of more than 1200 IR AVHRR NOAA images 
of this region, acquired in 1984-1987, and 2006. The most important result of the analysis was the 
detection not only of the system of cold filaments flowing offshore (Figures 1-2), but cold filaments 
moving alongshore and warm filaments moving to the coast.  

The analysis of the geographic distribution of cold filaments revealed the following peculiarities:  

(a) High concentration of filaments in the region between 26° and 16°N.  
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(b) Filaments normally propagate from the upwelling front, perpendicularly or at a small angle to-
wards the open ocean (Figures 1 and 2). 

(c) Northward/southward of 21oN filaments are often oriented to the northwest/southwest, i.e. op-
posite to the direction of the main current.  

(d) In the southern (Figure 1) and northern (Figure 2) areas, filaments reach 18-19°W, and 19-
19o30’W in the central area (21°N). 

(e) Near the Banc d’Arguin, sometimes cold filaments are formed and propagate from 20°N along 
the 100-200 m isobath to the southeast. 

The analysis of seasonal variability of the system of cold filaments showed that 30% of filaments 
were observed in May-June and 58% in November-December (14). It is well known that between 
15°N and 20°N the upwelling is most intense in winter and spring, then it gradually moves north-
ward and becomes most intense between 20° and 33°N in spring and summer. In autumn, winds 
drop and the intensity of the upwelling decreases. Thus, we may assume that the frequency of 
occurrence of upwelling filaments during the year corresponds to the seasonal variability of the 
upwelling itself. This is confirmed by observations of filaments near Cape Gir (30°05’N), where in 
seven out of nine cases, filaments were recorded in May-June and no instances in winter months 
(8) and by observations of filaments only in summer near the coast of Portugal (19). 

 

  

(a)                                                                                       (b) 

Figure 1: Upwelling filaments along the northwest coast of Africa (15-21oN) on 21 March 2006: (a) 
SST, (b) Chl a (MODIS-Aqua). 

The analysis of main characteristics of cold filaments gave the following results. The maximum 
length of a filament at the sea surface L varies from 50 to 250 km (130 km in average), typical 
width d ranges from 10 to 75 km (30 km) and temperature difference ΔT between filaments and the 
surrounding water ranges between -0.8° and -2.4°C (-1.4°C). In 12% of cases L was more than 
200 km. We note that the mean value and the lower limit of L variation is underestimated, because 
in 40% of cases there was only one image of a filament from which it was not possible to deter-
mine whether it had reached its maximum length or was continuing to develop.  

 



3rd EARSeL Workshop Remote Sensing of the Coastal Zone  
7-9 June 2007, Bolzano, Italy Kostianoy, page 3 

  
(a)                                                                                       (b) 

Figure 2: Upwelling filaments along the northwest coast of Africa (21-26oN) on 23 March 2006: (a) 
SST, (b) Chl a (MODIS-Aqua). 

Maximum velocity of filament propagation was in the range of 35-218 cm/s (average value of 
91 cm/s). The lower limit (35 cm/s) is underestimated also because of a lack of daily sets of data 
that could cover the total lifetime of a filament (3-11 days). Kostianoy (14) described the dynamics 
of filaments in the stages of development and relaxation, the pecularities of their behaviour, and 
the interaction between filaments in detail. 

SW AFRICAN UPWELLING REGION 
Main characteristics and seasonal variability of the system of filaments in the SW African upwelling 
zone between 15° and 32°S were determined from a limited series of more than 100 IR images of 
the region acquired in 1986, 1988 and 2004 (Fig.3). The analysis of spatial distribution of cold fila-
ments revealed the following peculiarities: 

(a) High concentration of filaments in the region 18°-19°, 22°-23°30’, 26°-27°30’S. 

(b) Filaments propagate perpendicularly or at a small angle from the upwelling front towards the 
open ocean. 

(c) At 22°-23°30’S filaments reach 8°30’E, at 26°-27°30’S they reach 10°E, thus the upwelled wa-
ters are carried out from the coast at a distance of 500-600 km. 

In February, filaments were observed southward of 24°S and were absent to the north. During 
April-June 2/3 of filaments were located northward of 24°S and only 1/3 of them - to the south. The 
observed tendency is confirmed by the monthly number of filaments southward of 24°S for 1984 
(7). This variation corresponds to the principle scheme of the seasonal general upwelling propaga-
tion along the coast of SW Africa. Thus, seasonal variability of the filaments’ location in the NW 
and SW African upwelling regions is identical, because high atmospheric pressures over the North 
and South Atlantic Ocean move to the north and back to the south synchronously during a year 
(21). 
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(a)                                                                                       (b) 

Figure 3: Upwelling filaments along the southwest coast of Africa (26-35oS) on 30 October 2004: 
(a) SST, (b) Chl a (MODIS-Aqua). 

Analysis of filaments characteristics showed that L varied from 80 to 370 km (177 km), d - from 10 
to 80 km (40 km), ΔT - from -0.8° to -2.4°C (- 1.3°C). In 23% of cases L > 200 km. Filaments 
propagate with a velocity of l-2 m/s, that is similar to the estimates made by Van Foreest et al. (1). 
We note that such high velocities (up to 1.3 m/s) were measured by drifters in a cold filament off 
Point Arena, California (18). 

CONCLUSIONS 
Water exchange due to filamentation for both upwelling regions along the coasts of northwest and 
southwest Africa was calculated on the base of methodology proposed by Zatsepin and Kostianoy 
(23). The results obtained by Kostianoy and Zatsepin (22) show that filamentation plays a signifi-
cant role in upwelled water balance. Gabric et al. (20) indicated that mean monthly offshore cross-
shelf Ekman transport in the Mauritanian upwelling zone (21-24°N) equals to 1000-2000 kg/(m·s). 
From the other side, our estimates of the mean cross-frontal water transport, produced by fila-
ments in the NW African upwelling region gives 500-1000 kg/(m·s). It means that approximately a 
half of water mass upwelled by Ekman pumping process in the coastal zone is transported by fila-
ments to the open ocean. The water exchange due to filamentation may be an order higher than 
pointed above (averaged for the time and area of observation) for certain seasons and geographic 
places. The obtained estimates mean very important paradoxical statement: coastal upwellings 
and related systems of filaments represent a single hydrodynamic feature because hypothetic ab-
sence of upwelling filaments inevitably could lead to two times wider upwelling zones than ob-
served now or an increase of currents related to the upwelling fronts or to both effects simultane-
ously. 
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