
Response to reviewer 1:

Thank you for the very helpful comments and suggestions. 

Suggestions and basic comments

a. Amendment of the title
Much is known about other (non-physical) aspects of the Benguela Current. It is suggested
that the title should indicate that the manuscript is confined to the physical aspects (current,
flow, transport), and maybe even add the years covered. 

Thank you for pointing this out. We have now changed the title to: 

“A Study of the Variability of Volume Transport of the Benguela Current”

b. Suggested links with existing knowledge
The title of the manuscript focuses on the physical aspects of the Benguela's variability
(currents, volume transport). Considering the strong link that exists between the physics and
the fisheries, biochemical and environmental issues of the region, and to indicate that
interested readers can follow up on the extensive research that has been conducted and
reported in those fields, the Addendum below provides some information.

Definition of the Benguela and regional features

● It would be of great use to the reader to know how the authors delineate the Benguela in terms 
of relevant environmental parameters, such as speed, volume transport, flow direction, or 
latitude/longitude.

The Benguela Current is defined by a longitude as the western edge of the current.  Information about 
this has been added (first paragraph of section 3.1 on page 5).

● It would also help if some of the geographic features, such as Walvis Ridge, are identified on a 
chart of the area. A map of the area [such as the one by Shannon V (2006) A plan comes 
together. in: Benguela, Predicting a Large Marine Ecosystem. Large Marine Ecosystems Vol 
14, Elsevier BV, p 4] would be very useful for readers not familiar with the local topography 
and nomenclature.

● p 3 line 2: The reader is uncertain why names like Cape Frio and Cape Agulhas are mentioned 
(instead of just their latitudes) without identifying them on a map of the area.

A map of the study area with names geographic features was added to the manuscript (figure 1).  

● p 5 line 22 and 23: It seems that the distinction between "steady" and "transient" flow is based 
on the spatial variability of the flow direction (?). In the absence of a reasonably clear 
delineation of the Benguela Current there is some confusion whether the "steady flow" is 
synonymous with the Benguela Current.

Sorry for the confusion.  We are now longer using the terms 'steady' and 'transient' in the manuscript. In
the revised version these regions in the eastern and the western sides are now characterized in terms of 



mean speed/kinetic energy.  (p5, lines 28-32). 

● p 5 line 30: "...may occur in two branches." The 15 m flow pattern (Figure 1a) suggests that 
there is a third contributory branch crossing 35°S northeastward at about 7°E. This seems less 
distinct in Figure 1b, so it may be largely a surface feature. 

Thank you for pointing this out. This is now added in the manuscript. The feature at 7E is part of a 
meander of the South Atlantic Current.  This feature does not contribute significantly to the Benguela 
Current. This can be seen in the climatological meridional velocity section at 35S in Figure 3b. (p6, 
lines 7-10)

Definitions and clarity of terminology

● The authors tend to use "northward" (e.g. p 2) when the flow is largely northwestward. E.g. is 
"meridional" the northward component of the NW flow? This confusion between the flow and 
the flow components must be avoided.

This is now corrected in the manuscript. (p2, line2; p1, line1)

● p 4 line 3: readers may know what Sv means, but as a non-SI unit and for the sake of 
completeness it should be defined when first used.

Agreed, now changed in the manuscript. (p4, line 5)

● p 6 line 3-6: The vertical sections in Figure 2 display only the meridional component of the 
flow. Low values do not necessarily mean that the flow as a whole is low, but just that the 
meridional component is low. It can therefore not be used to differentiate between the "steady" 
flow and the "transient" flow (i.e the flow with a stronger zonal flow component need not 
necessarily be less steady).

Thank you, this paragraph is now rephrased. (p6, lines 11-14)

Clarity of approach and presentation

● p 6 line 15-18: It is understood that there is data gap in the inshore, shallower regions. 
However, the authors can only extrapolate the flow eastward into areas shallower than 1000m 
(in terms of speed and direction) if there is a justifiable basis (e.g. references).

Thank you for pointing this out. We changed the text to clarify that the intent is to get a rough estimate 
of the uncertainty. By assuming that the velocity throughout the area without data is the same as at the 
easternmost observation we have, it is likely that we will overestimate this uncertainty. The reason for 
that is that the flow on the shelf is not always going to head in the same direction as the flow at the 
eastern end of the section. 



● p 6 line 17-18: Using climatological averages a meridional flow of 1.8-2.0 Sv is derived for the 
inshore region at the latitudes of 30° and 35° S. So, if there is approximately the same volume 
of water entering at 35°S than is leaving at 30°S, how is this related to the value of 7 Sv leaving
the coastal area westwards (reported in p 7 line 3)?

 There was a problem with the method we used to derive the transport across line BD. We recalculated 
this transport  and the budget (as described below). The newly estimated cross-shelf transport is found 
to be small about ~0.3+/-3Sv. 

● p 6 line 20 and further: Considering that the Benguela Current direction is around NW, the 
volume transports computed along the latitudinal lines at 30°S and 35°S reflect only about 70%
of the whole transport. The authors should indicate why lines oriented in a SW-NE direction 
were not chosen, and the effect on the computed transports. Has the orientation of the lines not 
perpendicular to the main flow axis of the Benguela been taken into account when comparing 
the transport results with other authors (line 25-27)?

For simplicity let us assume a steady flow V in the NW direction as depicted in the figure.
The meridional component of the flow is Vcosθ (in this case θ is 45  degree to be precise). If we 
consider the depth of the water column to be h, and the flow is uniform in this depth range and along 
BC,  the total transport in the NW direction is : V*BC*h= V*ABcosθ *h= transport in the meridional 
direction.   

Therefore total transport of a north-westward flow is the same as the meridional transport. 

● p 7 line 3: Flow in shelf area: Figure 1 indicates the location of points B and D, but why are 
they so far inland? Where exactly is "parallel to the shelf break", or do the authors mean "at 
the shelf break"?

B and D are now shifted to the eastern boundary of the box at 1000m isobath, to be precise. (p7, line 
13, Figure 2)

 Were the flows reported across AC and BD corrected for their mutual difference in 



orientation?

Thank you for pointing this out. The flow wasn't corrected. We obtained transport across BD by adding 
zonal transport of the eastern most grids between B and D in the upper 800m.  

An estimate of the transport considering the slope of the African coast (cross-shelf transport) is now 
added in the manuscript. It is found that this new cross-shelf transport is relatively small (~0.3 Sv) 
compared to the transport (7 Sv) presented earlier. This relatively small cross-shelf transport is 
consistent with mean flow (Figure 2) pattern in this area; which is parallel to the coast line.  

The cross-shelf transport is poorly correlated (0.15) with the along shore wind stress in this area. The 
cross-shelf transport modulates greatly by the passage of eddies from the Indian Ocean. 

The decrease in the transport from the eastern boundary, however, results in a transport imbalance of ~6
Sv. To investigate this issue, we evaluated the transport budget for different areas and for different 
depths. It is found that an eddy (recirculation feature) at the western part of the box (Figure 2) and the 
topography near the Walvis Ridge are the main reason of this imbalance. To avoid the effect of these in 
the transport budget, we, therefore, choose an area between 8E and the 1000-isobath parallel to the 
African coast; the northern and the southern sides of the box remains the same.  On an average the 
budget shows a balance within the error bars. However, some instances of imbalances are also 
identified. It is found that these imbalances are mostly caused by cyclonic and anticyclonic eddies. 

 Visual inspection of Fig 1a and b suggests that the vectors along the eastern perimeter 
(closest to the shelf edge) are oriented largely parallel to the shelf edge, except in 30/31° 
and 34/35° where flow is oriented slightly onto the shelf, and at 31/32° where the flow is 
oriented with an off-shelf component.

 The net westward (?) flow of 7 Sv at BD therefore seems to be largely associated with the 
off-shelf flow at 31/32°. The chart of Shannon (mentioned above) indicates a south-
eastward flow on the shelf at 30°, creating the possibility of confluence of southward and 
northward flows and a solution to the transport imbalance. 

Based on the reviewer's suggestion we have computed cross-shelf transport along BD. With this new 
estimate we have a relatively stable budget and we do not see some of the anomalies that were 
noticeable in the earlier version of the manuscript. In the revised manuscript we describe few such 
anomalies in the budget. (p8, lines 4-17 and  figure 5e)

● p 7 line 5: Shorter-period anomalies: The computation of the climatic volume balance is a huge
step forward in the insight of the flow/transport of the area and the Benguela Current (Fig. 4). 
The authors admit that, at times, the budget is unbalanced. There seem to be events that not 
only imbalance the climatology, but are in themselves huge anomalies (of the order of the 
average condition). The following are examples:

 In 2005 there occurred a westward flow of approximately 20 Sv across AC. This was the 
largest flow of the data record, and seemed to coincide with an equally large westward flow 
across the eastern boundary. These flows were 2-3 times the average. While the flow across 
AB was slightly below average, the flow across CD was about 5 Sv larger than average.



 In 2014 two large flow pulses northward at AB coincided with similar eastward events 
across AC.

 

● The authors indicated some possible reasons for transport discrepancies. If the events 
mentioned above occurred more-or-less simultaneously (as they appear) a specific investigation
to pin down what happened, is called for.

With the new cross-shelf estimate the anomalies seen in the previous version of the manuscript are not 
prominent. 
Based on the suggestions we have analyzed  few events when the anomalies in the transport budget are 
relatively high. The highly variable cross-shelf transport (BD) has a mean of  0.3Sv and a standard 
deviation of 3Sv.  In the updated manuscript, we describe few such events that show anomalies >6 Sv, 
during July 1993,  April 2005, and August 2007.     
 It is found that both cyclonic and anticyclonic eddies intersect the southwest corner of the box and 
induce large northeastward/southwestward velocities; as a result the cross-shelf transport changes 
significantly. These eddies are very prominent in the Hovmoller diagram (Figure 7). 
Along-shore wind does not seem to influence the cross-shelf transport in the region where the transport 
budget is computed. (p8, lines 4-17 and  figure 5e)

● p 11 line 12: Impact of local wind forcing: Lutjeharms and Meeuwis (1987, S Afr J mar Sci 5, 
51-62) indicated that the coastal area between 25° and 30°S seems to have the highest, 
upwelling-favourable wind speed of all locations along the southwestern coast of Africa. There 
is a significant decrease in the vicinity of 34°S.

Thank you, impact of the local wind forcing has now been investigated by estimating correlation 
between  along-shore wind-stress and the cross-shelf transports at different locations following this 
article.   It is found that away from the coast at about 1000m isobath local wind-stress does not  
influence the transport budget. This is now explained in p8, lines 4-18. 

● p 20: The order of (a),...(d) at the top of the figure need checking?

Thank you, this figure is now corrected in the manuscript. (p23, figure 7). 

Issues of expression, grammar, etc

p 2 line 5: "..long-term velocity observations" [there are other fisheries-biological data records and 
satellite SST that continue for many years/decades]

The text has been modified (p2, line 5).

p 2 line 9: insert of after study

The text has been modified (p2, line 9) .  

p 3 line 16: "... two thirds ... contribute..."
Apologies, now corrected (p3, line 17). 



p 4 line 8: "Further east ..." Shouldn't this be west?
Thank you for pointing this out, now corrected (p4, line 9). 

p 4 line 9: conducted
Apologies, now corrected (p4, line 11). 

p 4 line 17: "..no long-term measurements of this current's flow/transport/dynamics.. are available"
The text has been modified (p4, line 20). 

p 4 line 33: "0.5x0.5 grid": It is suggested to change this to 0.5°x0.5° grid"
Sure, this has now been changed in the manuscript.  (p5, line1)

p 5 line 8: "..dynamic height does not change.."
Apologies, now corrected (p5, line 10). 

p 5 line 15: insert "and" after coast
Apologies, this paragraph has been rephrased. 

p 5 line 26: The convention is that positions should be reported as (lat, long) and, not as (long, lat).
Sure, we have corrected this in the manuscript (p6, line 1). 

p 5 line 32. I don't see any "zonal velocities" in die area indicated by the authors. Do the authors mean
"zonal velocity components" when they say "zonal velocity"? This was also mentioned above, and it is 
suggested that the authors rigorously identify and reword such misnomers.

Thank you for pointing this out. This has been taken care of (p6, line 6). 

p 6 line 9. It is possible that Figure 2b shows a weak signal around 7°E corresponding to the third 
tributary referred to before (p 5 line 30).

Thank you, the manuscript has now been modified on this.  (p 6, lines 7-9)

p 6 line 11-12: So the westward flow at 30°S is still the Benguela Current?

Yes; based on the definition of Benguela Current by Garzoli and Gordon (1996) at 30S the flow 
between the western edge of the Walvis ridge (at 3E) and the African coast is the Benguela Current. 

p 6 line 20: The authors should indicate the origin of the standard deviation.

Standard deviation and mean were calculated for the entire time series between 1993 and 2015. This is 
now included in the text.  (p 6, line 30)

p 6 line 32: transports

Thank you for pointing this out. This is now corrected. (p 7, line 4)



p 8 last paragraph: I liked the results concerning the course of Agulhas rings.

Thank you, we appreciate it. 

p 9 line 4: cannot

Thank you. This is now corrected (p 10, line 15). 

p 11 line 2: Vema

Thank you for catching the mistake. This is now corrected in the manuscript (p 12, line 11).

p16: "...the black straight line marks the depth.."

The text is corrected now (p 19, fig 3). 


