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Abstract 18 

Four hydrographic cruises carried out between ~26.5ºN and 31ºN in the eastern North Atlantic 19 
Subtropical Gyre in fall (2016 and 2017) and spring (2017 and 2018) are used to identify water 20 
masses and infer oceanic circulation. Geostrophic velocities are initially adjusted by referencing 21 
them to data from a Lower Acoustic Doppler Current Profiler (LADCP) and later to velocities 22 
estimated with an inverse box model. The distribution of the intermediate water masses (700 to 23 
1400 m depth) varies seasonally. Antarctic Intermediate Water (AAIW) comprise the largest 24 
contributor to the seasonal cycle in the intermediate water masses. Circulation of the Canary 25 
Current (CC) differs in fall and spring. In fall, the CC flows southward through the western 26 
islands and recirculates south of the archipelago, subsequently flowing northward through the 27 
passage between the eastern islands and Africa. North of Lanzarote, the recirculated CC 28 
intensified as it is joined by a southeasterly branch of the CC north of Lanzarote. In spring, the 29 
net transport of the CC is southward. High interannual variability in mass transport is evident in 30 
both spring and fall as a result of the position of the current, with its easternmost (westernmost) 31 
position found in spring (fall) 2018 (2016). At intermediate levels, highly variable 32 
northward/southward transport is apparent in fall over the African slope, with the Intermediate 33 
Poleward Under Current (IPUC) only present in 2017. 34 

Plain Language Summary 35 

The Canary Current  is part of the eastern boundary of the North Atlantic Subtropical Gyre as 36 
well as the upwelling system off NorthWest Africa. Its location plays a major role in the Atlantic 37 
Meridional Overturning Circulation, which controls the global climate. Therefore, we have 38 
studied the Canary Current. Its circulation pattern and its seasonal and interannual variability has 39 
been inferred using data from four hydrographic cruises (2 carried out in fall and two in spring) 40 
around the region of the Canary Islands. From these cruises we have computed the mass 41 
transport of the current and identified the water masses present on it. The results show a high 42 
seasonal variation in the intermediate water masses (those on the depth range from ~700 to 1400 43 
m depth). The mass transport of the current also shows a seasonal variability at surface levels 44 
(<700 m depth) and at intermediate levels. The current flows southward through the islands and 45 
the passage between the islands and Africa in spring, but in fall, the CC reverses south of 46 
Fuerteventura and flows northward through the passage between the archipelago and Africa.  47 
Interannually, the mass transport also presents differences, being higher in fall 2017 and spring 48 
2018. 49 

1 Introduction 50 

The eastern boundary of the North Atlantic Subtropical Gyre presents three main patterns driving 51 
the circulation variability: the Canary Current (CC), the Intermediate Poleward Undercurrent 52 
(IPUC) and the Northwest Africa coastal upwelling jet. The southward flowing Canary Current 53 
(CC) links the Azores Current (AC) with the westward North Equatorial Current (NEC) 54 
(Hernández-Guerra et al., 2010; Pérez-Hernández et al., 2013). The CC was first studied during 55 
the 1980s using historical data (Stramma and Schott, 1999; Stramma and Siedler, 1988). These 56 
studies determined that the CC shifts seasonally, approaching the African coast during summer 57 
and flowing through the western islands in winter. Since the end of the 1990s, the CC has been 58 
characterized using moorings and hydrographic data collected during several cruises carried out 59 
in the Canary Islands region (Fraile-Nuez et al., 2010; Hernández-Guerra et al., 2002; 60 
Hernández-Guerra et al., 2001, 2005, 2017;  Machín et al., 2006). These authors have described 61 
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the main path of the CC through the Canary Islands, including its reversal trough the Lanzarote 62 
Passage (LP) in fall. 63 

The CC carries North Atlantic Central Water (NACW) southward throughout the entire 64 
archipelago (Machín et al., 2006), with the magnitude and transport of this water mass varying 65 
temporally and spatially. Previous estimates, derived using an inverse box model approach, 66 
showed that the lowest NACW transport occurs in spring, when the CC transports -2.81.0 Sv (1 67 
Sv = 109 kg/s, with positive transports towards the east/north and negative to the west/south) and 68 
approaches the African coast. In contrast, highest transport occur in fall (-4.51.2 Sv), when the 69 
CC flows through the westernmost islands (Machín et al., 2006). Pérez-Hernández et al. (2013)  70 
confirmed this westwards shift in the current, documenting flow beyond the western islands. 71 
However, the seasonality of the CC in the oceanic region also differs from that of the African 72 
slope region, with differences attributed to variability in flow dynamics in both regions (Pelegrí 73 
et al., 2005; Fraile-Nuez & Hernández-Guerra, 2006). The CC in the oceanic region is forced by 74 
the curl of the wind stress, with dynamics largely explained by Sverdrup theory (Fraile-Nuez & 75 
Hernández-Guerra, 2006; Mason et al., 2011; Roemmich & Wunsch, 1985). On the other hand, 76 
the CC at the LP presents an average southward flow of -0.60.1 Sv (Machín et al., 2006), 77 
recirculating northward through the passage between the islands and Africa in fall. The 78 
recirculation of the CC transports 1.70.5 Sv at ~27ºN, and increases to 2.90.5 Sv at the LP  79 
(Hernández-Guerra et al., 2017). The reversal of the CC at the LP in fall is thought to be related 80 
either to upwelling dynamics (Hernández-Guerra et al., 2002; Machín & Pelegrí, 2016), offshore 81 
separation of the CC (e.g. Hernández-Guerra et al., 2003), or to mesoscale activity south of the 82 
islands  (Hernández-Guerra et al., 1993; Mason et al., 2012; Pacheco & Hernández-Guerra, 83 
1999; Pérez-Herández et al., 2015). In the upwelling systems, a jet separates upwelled waters 84 
from offshore waters (Benítez-Barrios et al., 2011). When the upwelling favorable winds 85 
weaken, the jet slows down and the poleward current arises beneath (Hernández-Guerra et al., 86 
2002).  87 

At intermediate levels (~700-1400 m depth), two water masses are found in the vicinity of the 88 
Canary archipelago: the Antarctic Intermediate Water (AAIW) from ~700 to 1100 m depth, and 89 
the Mediterranean Water (MW) from about 900 to1400 m depth (Fraile-Nuez et al., 2010; 90 
Hernández-Guerra et al., 2003). The flow of the intermediate waters in the CC region is 91 
southward throughout the islands and the LP, except in fall when the Intermediate Poleward 92 
Undercurrent (IPUC) transports AAIW northward through the LP and west of Lanzarote 93 
(Hernández-Guerra et al., 2017; Pérez-Herández et al., 2015). The IPUC can reach up to 32.5ºN 94 
flowing along the 27.5 kg/m3 isoneutral (Machín & Pelegrí, 2009; Machín et al., 2010). 95 

The main purpose of this study is to provide a more detailed estimate of the CC circulation in fall 96 
and spring in the region spanning the eastern Canary Islands and the African coast, in the latitude 97 
range  ~26.5º-31ºN (Fig. 1). To achieve this goal, several inverse box models are applied to data 98 
collected during four cruises. This study is described as follows: the data are introduced in 99 
section 2. In section 3, the water mass distribution in the area is described through -S diagrams 100 
and vertical sections of salinity. Is section 4, we present unbalanced mass transport. The inverse 101 
box model is described in section 5 and the final geostrophic mass transport is shown in section 102 
6. We finish with the discussion and conclusions in section 7. 103 
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  104 
Figure 1: Location of the hydrographic stations at each cruise. (a) Map of stations occupied during fall cruises. Blue 105 

dots correspond to 2016 and red dots to 2017. (b) Same as (a) for spring stations. Red dots represent 2017 and blue 106 

dots 2018. Names of transects are indicated by North, LP (Lanzarote Passage), A, B, C, D, E, F and G. Grey lines 107 

represent the bathymetry from ETOPO1 (Amante and Eakins, 2009). Orange and green arrows are a schematic 108 

representation of the circulation in the area at thermocline and intermediate layers, respectively. The labels 109 

represented are the Canary Current (CC), Canary Current Recirculation (CCR) and Intermediate Poleward 110 

UnderCurrent (IPUC). 111 
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2 Data 112 

Data were collected during four cruises onboard the R/V Angeles Alvariño. Two cruises were 113 
carried out in fall and included 70 hydrographic stations from October 31st to November 11th 114 
2016 and 63 hydrographic stations from October 10th to October 20th 2017, while the two spring 115 
cruises included 48 hydrographic stations from April 19th to May 2nd 2017 and 56 hydrographic 116 
stations from the 10th to the 21st of April 2018. The hydrographic sections sampled waters 117 
between ~26.5ºN-31ºN (Fig. 1). These sections include a zonal section from west of La Palma to 118 
the northeast of Fuerteventura (North section) and up to eight shorter transects sampled between 119 
the eastern islands and the African coast (sections A to G and Lanzarote Passage (LP), Fig. 1). 120 
The sections between the eastern islands and the African coast enable us to use inverse box 121 
models to estimate the absolute geostrophic mass transport. At each hydrographic station, 122 
conductivity, temperature and depth (CTD) were measured with a Seabird 911+ CTD equipped 123 
with redundant temperature and salinity sensors. A 150 kHz downward looking workhorse 124 
Lowered Acoustic Doppler current profiler (LADCP), provide a velocity profile at each station. 125 
LADCP data were processed according to Fischer and Visbeck (1993). Data were acquired from 126 
the surface to 10 m above the bottom. The distance between stations was typically about 5 km 127 
for the stations over the African slope and ~25 km for the open ocean stations west of 14ºW. 128 

Wind data are estimated using the Weather Research and Forecasting (WRF) model (version 129 
3.9.1), developed at the National Center for Atmospheric Research. In contrast with other 130 
climatological models, this model has the advantage of obtaining wind data in high temporal and 131 
spatial resolution in order to resolve the orographic perturbation of the wind as it flows through 132 
the islands and the wind variability during the cruise. A complete description of this model can 133 
be found in Skamarock et al. (2008). Data from the operational analysis performed every 6 134 
hours, at 1º horizontal resolution at the National Center for Environmental Prediction (NCEP 135 
final analysis) were used as initial and boundary conditions for the simulations. We set a 136 
horizontal grid spacing of 0.125º and 50 terrain-influenced coordinate levels for our simulations 137 
(Cana et al., 2020). Model output spanning our period of field sampling, including east-west and 138 
north-south wind velocities measured at 10 m (U10 and V10 respectively). V10 and U10 are 139 
used in this study to estimate the Ekman transport, during the period of the cruise, in the first 140 
layer of the inverse box model. 141 

3 Water mass distribution 142 

Temperature-salinity (-S) diagrams are used to identify water masses and their vertical 143 
distributions from isoneutrals (Fig. 2). These include Surface Water (SW), NACW, AAIW, MW 144 
and North Atlantic Deep Water (NADW). SW is present above the seasonal thermocline, 145 
extending from the surface to n= 26.85 kg m-3 (approximately 80 and 320 m depth). This water 146 
is characterized by scattered potential temperature and salinity values due to seasonal heating, 147 
evaporation and the influence from the upwelling filaments (Borges et al., 2004; Van Camp et 148 
al., 1991; Nykjær & Van Camp, 1994). Below the seasonal thermocline, the NACW extends to 149 
27.38 kg m-3 isoneutral (n) located at approximately 700 m depth (Hernández-Guerra et al., 150 
2005). NACW is identified in the -S diagram by a straight relationship between potential 151 
temperature and salinity in the range of 10ºC to 17ºC and 35.6 to 36.7, respectively (Harvey, 152 
1982; Tomczak, 1981). Two different water masses are identified at intermediate levels, between 153 


n = 27.38 and 27.82 kg m-3 (~ 700-1400 m depth), including the cooler and fresher AAIW 154 
(35.1<S<35.4), and the warmer and saltier MW (35.4<S<35.8) (Hernández-Guerra et al., 2001).   155 
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 156 
Figure 2: -S diagrams for the four cruises: (a) fall 2016, (b) spring 2017, (c) fall 2017 and (d) spring 2018. Thick 157 
black lines correspond to the isoneutrals, which approximately divide the water column into surface (n<26.85 kgm-158 
3), central (26.85>n>27.38 kgm-3), intermediate (27.38>n>27.82 kgm-3) and deep (n>27.82 kgm-3) waters masses. 159 
Isoneutrals values are indicated in grey. Colors correspond to transects (see Fig. 1). Water masses are indicated in 160 
black, including Surface Waters (SW), North Atlantic Central Water (NACW), Antarctic Intermediate Water 161 
(AAIW), Mediterranean Water (MW), and North Atlantic Deep Water (NADW). 162 

Figure 3 shows the vertical distribution of the two intermediate water masses present in the area 163 
in fall (left column) and spring (right column). For those transects repeated during more than one 164 
season (LP and A) the transect with most AAIW content is shown. From north to south, a core of 165 
MW is observed on the western side of the E and F transects (only E in spring) and a core of 166 
AAIW on the eastern side (Fig. 3 a, b and f). From LP to B (Fig. 3 c-e and g-i), the signal of MW 167 
could not be traced while the AAIW signature is always present and stronger than in sections E 168 
and F. Overall, the salinity of AAIW is lower in fall than in spring. Minimum salinity values of 169 
AAIW are 35.2 and 35.3 in fall and spring, respectively. For transect E, the western MW core 170 
seen in fall expands all the way to the east in spring (Fig. 3 f vs. b).  171 
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  172 
Figure 3: African slope salinity cross sections, focusing on intermediate levels (500-1500 m depth) in fall (left 173 
column) and spring (right column). (a) section F, (b) and (f) section E and (c) and (g) section LP for fall 2017 and 174 
spring 2018 cruises respectively. (d) and (h) correspond to section A and (e) and (i) section B for fall 2016 and 175 
spring 2017 cruises respectively. MW and AAIW are labeled in each of the sections where they are observed. 176 
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To quantify the abundance of each intermediate water mass in fall and spring, volumetric -S 177 
diagrams are plotted separately only for sections repeated in fall and spring (excluding F, D and 178 
C). Fig. 4a-b shows AAIW reaching its lowest salinity values in fall and MW reaching its highest 179 
salinity values in spring. From these volumetric -S diagrams, a seasonal difference (fall minus 180 
spring) of counts per grid point is derived and represented in Fig. 4c. This figure demonstrates 181 
the seasonality of the intermediate layer, where AAIW dominates in fall (red colors in Fig. 4c), 182 
while MW dominates in spring (blue colors). AAIW is still present in spring (blue dots) but is 183 
saltier than in fall (red dots). Despite the greater abundance of MW in spring than in fall, the 184 
number of MW counts at each grid point is small compared to AAIW. This implies that AAIW is 185 
the largest contributor to the seasonal cycle of the intermediate water masses surrounding the 186 
Canary Islands. 187 

 188 
Figure 4: Volumetric -S diagrams for (a) fall and (b) spring. The colors represent the logarithm of the number of 189 

counts per grid point defined in the diagram. Marker size indicate magnitude of counts. (c) Difference in number of 190 

counts (non-logarithmic) of the volumetric -S diagrams of fall and spring (fall-spring). Positive values (red) 191 

indicate more abundance in fall while negative values (blue) indicate more abundance in spring. 192 

In addition, relative distributions of MW and AAIW changes interannually between 2016 and 193 
2018, particularly during spring cruises (Fig. 2 b and d). In spring 2017, the LP shows neither a 194 
strong AAIW nor MW signal, with both water masses very mixed, while in 2018 the LP and A 195 
sections show greater AAIW content (Fig. 2b-d). On the other hand, the North section shows 196 
more MW in 2018 than in 2017 (Fig. 2b-d). In  fall, there is also difference between occupations 197 
of the LP/North section, with AAIW/MW reaching more extreme values in 2017 than in 2016 198 
(Fig. 2a-c). 199 
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Finally, NADW is observed in deepest waters below n=27.82 kg m-3, with the potential 200 
temperature and salinity in the range of 2.5-6.4ºC and 34.9-35.5, respectively. NADW is the 201 
most homogenous and abundant water mass in both seasons and across all cruises (Fig. 4 a-b). 202 

4 Unbalanced mass transport 203 

Prior to applying the inverse box model, we estimate the initial geostrophic velocity and 204 
transport at each pair of stations using the thermal wind equation. Two different levels of no 205 
motion are chosen depending on the location and depth of the station pair. At each station pair 206 
over the African slope where steep topography is found, the level of no motion is set to n= 27.38 207 
kg m-3 (~700 m depth), between the NACW and AAIW layers. This reference layer has been 208 
used in previous studies (Hernández-Guerra et al., 2001, 2005; Pérez-Hernández et al., 2013). 209 
For the deepest stations (transects E, F and G and North) the level of no motion chosen is n= 210 
27.975 kg m-3 (~1700 m) following Hernández-Guerra et al. (2017) and Vélez-Belchí et al. 211 
(2017) . For station pairs shallower than the reference level, the bottom is considered the 212 
reference level. We divide the water column into 13 neutral density layers (see table 1) following 213 
Hernández-Guerra et al. (2017). The thermocline corresponds henceforth to layers 1 to 4, 214 
intermediate waters to layers 5 and 6, and deep waters to layers 7 to 13 (Table 1). The initial 215 
velocities at the reference level are adjusted using LADCP-derived velocities using a procedure 216 
described in Comas-Rodríguez et al. (2010).  217 

Table 1: Neutral density levels used in the analysis, following Hernández-Guerra et al., (2017). Thermocline levels 218 

are defined as layers 1 to 4, 219 intermediate levels as layers 5 

and 6, and deep levels as layers 7 to 220 13. 
Layer n Water mass 

1 Surface – 26.44 SW 

2 26.44 – 26.85 SW 

3 26.85 – 27.162 NACW 

4 27.162 – 27.38 NACW 

5 27.38 – 27.62 AAIW 

6 27.62 – 27.82 AAIW/MW 

7 27.82 – 27.922 NADW 

8 27.922 – 27.975 NADW 

9 27.975 – 28.008 NADW 

10 27.008 – 28.044 NADW 

11 28.044 – 28.072 NADW 
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 239 

The integrated mass transport per neutral density layer using the LADCP-adjusted reference 240 
velocities at each transect and for each of the 4 cruises is shown in figure 5. The highest transport 241 
takes place in the thermocline and intermediate layers. The transport of the transects along the 242 
passage between the islands and African coast shows different patterns in fall and spring (A, B, 243 
C, E, F and LP). In the thermocline the overall transport is southward in spring and northward in 244 
fall, indicating the presence of the Canary Current (CC) flowing southward in spring and 245 
reversing in fall (Hernández-Guerra et al., 2001, 2002, 2017).  246 

12 28.072 – 28.0986 NADW 

13 28.0986 - Bottom NADW 
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  247 
Figure 5: Integrated mass transport per isoneutral layer using the unbalanced geostrophic velocities adjusted with 248 
LADCP velocities. The four panels correspond to the transport in (a) fall 2016, (b) fall 2017, (c) spring 2017 and (d) 249 
spring 2018. Positive/negative sign indicates eastwards/westward or northward/southward flow. Line colors indicate 250 
north-south transects for each cruise. Solid lines stand for northward/southward flow and dashed lines for 251 
eastward/westward flow. The back line in the legend separates the transects done on the African Slope from the 252 
others. The labels of the water masses are shown next to the layer number to which they correspond. 253 

5 Inverse Box Model 254 

We use sections bounding our region of interests to estimate absolute geostrophic transport using 255 
an inverse box model. This model provides an efficient method to adjust the velocities at the 256 
reference level, already provided by the LADCP, in order to achieve mass balance in each of the 257 
different enclosed volumes seen in figure 1. Our inverse model also adjust the Ekman transport 258 
estimated from the  wind data during the period of the cruise, as in Casanova-Masjoan et al. 259 
(2018), Hernández-Guerra et al. (2019) and Hernández-Guerra & Talley, (2016)(Alonso 260 
Hernández-Guerra et al., 2014). Computed Ekman transport per transect is very small (i.e. 261 
negligible) except in fall and spring 2017 in the LP (0.1 Sv and -0.1 Sv, respectively), section A 262 
in spring 2018 (-0.2 Sv), section E  in spring and fall (0.2 Sv and -0.2 Sv, respectively), and in 263 
section F and G in both, fall and spring (0.2 Sv and -0.1Sv, respectively).  264 

The inverse box model is applied to each cruise individually, as the regions (boxes) encompassed 265 
by the hydrographic sections shown in Fig. 1 vary for each cruise. Differences among models lie 266 
in the number of equations and uncertainties, which in turn depend on the number of boxes 267 
enclosed per cruise. Each box include a mass conservation equation per neutral density layer 268 
shown in table 1 (Equations 1 to 13) as well as the total mass conservation (Equation 14) with 269 
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the adjustment of Ekman transport included in the shallowest layer and the total mass 270 
conservation equations. The configuration of each inverse box model, including the transects 271 
shaping each box, number of equations of each model, and the number of unknowns, are shown 272 
in table 2.  273 

Table 2: Inverse model characteristics for each of the cruises, including the number of station pairs, the number of 274 
equations, the number of unknowns and the transects that shape each box. The capital letters listed in the table 275 
correspond to the names of the transects shown in figure. 276 

 Fall 2016 Fall  2017 Spring 2017 Spring 2018 

station pairs 51 47 31 39 

equations 42 28 28 28 

unknowns 56 51 34 43 

box 1 LP – A  F – E   LP – A  E – G – LP  

box 2 A – B  E – LP – G A – B  LP – A  

box 3 B -D – C  - - - 

 277 

The inverse model solves the following equation: 278 

∬ 𝜌𝑏 𝑑𝑥𝑑𝑧 = − ∬ 𝜌𝑉𝑟 𝑑𝑥𝑑𝑧 + 𝑇𝐸𝑘  

where  corresponds to the density of the ocean, x and z are the horizontal and vertical 279 
coordinates of the box respectively, b is the adjusted velocities at the reference level of each 280 
station pair, Vr is the relative velocity from the thermal wind equations and Tek is the Ekman 281 
Transport . 282 

As we consider the mass conservation for each layer and in total, alongside errors, we solve the 283 
following equation: 284 

𝐴𝑏 + 𝑛 = −𝑌 
where A is a matrix M (layers) x N (unknowns) of mass, b is a column vector of length N 285 
including the unknown adjusted velocities at the reference level and the coefficient of Ekman 286 
transport, n is a vector of size M with the noise of each equation, and Y is a vector of length M 287 
containing the initial unbalanced mass transport in each layer and total. 288 

The Gauss-Markov method is applied to solve the inverse problem. This method produces a 289 
minimum error variance solution from the initial estimates of the unknowns (Wunsch, 1996). 290 
These initial estimates are expressed with variances of (0.1 Sv)2 for each layer and (1 Sv)2 for 291 
the overall mass transport. The preliminary variance of the adjusted velocity at the reference 292 
level is (8 cm/s)2 in the station pairs shallower than 600 m depth and (2 cm/s)2 in the deepest 293 
station pairs. Both mass and velocity variances are chosen following Hernández-Guerra et al. 294 
(2017). 295 

The adjusted velocities in the reference layer estimated from the inverse box models, together 296 
with the errors, are shown in figure 6. All velocities are small and not significantly different from 297 
zero in the deepest areas (i.e. transects F, E and G). In contrast, higher values are found for 298 
station pairs close to the coastal slope (i.e. transects LP and B). The adjusted Ekman transport 299 
from the inverse models is not different from initial estimates for any of the occupations. Table 3 300 
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shows the imbalance together with the uncertainties in each box following the inverse model. 301 
The imbalance in every box is not significantly different from zero after accounting for 302 
uncertainties. This indicates that mass is conserved in the enclosed volumes.  303 

 304 
Figure 6: Velocities at the reference layer from the inverse box model including error bars with the uncertainty (in 305 
m/s) for (a) fall 2016, (b) fall 2017, (c) spring 2017, and (d) spring 2018. The red doted lines separates discrete 306 
transects, with transect name indicated in black capital letter. Positive velocities are north/east and negative 307 
velocities are  south/west. 308 

Table 3: Mass transport imbalances and uncertainties (in Sv), after adjustment using velocities resulting from the 309 
inverse model for each enclosed volumes. The enclosed volumes for boxes 1-3 are defined in Table 2. 310 

 Fall 2016 Fall 2017 Spring 2017 Spring 2018 

Box 1 LP – A 
0.1  0.2 

F – E 
0.2  0.3 

LP – A 
-0.2  0.2 

E – G – LP 
0.2  0.2 

Box 2 A – B 
-0.2  0.2 

E – LP – G 
-0.1  0.3 

A – B 
0.2 0-2 

LP – A 
-0.2  0.2 

Box 3 B – D – C 
0.1  0.2 - - - 

 311 

6 Final geostrophic transport 312 

Figures 7 and 8 show a schematic representation of the flow in fall and spring, respectively, 313 

together with the accumulated mass transport of each hydrographic section  derived from 314 

velocities of both, LADCP data and inverse models. LADCP-adjusted geostrophic transport of 315 

the North section, for which we could not apply the inverse box models,  is also shown in figures 316 
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7 and 8 in order to improve our understanding of the circulation through the Canary Archipelago. 317 

The net transport across each section as well as the unbalanced transport at the north section is 318 

presented in table 4. In order to maintain a sign convention between the initial and final 319 

transport, the inverse model adjusted results are shown with geographic sign, with 320 

northward/eastward transports positive and southward/westward transport negative. 321 

 322 

 323 

Figure 7: Representation of the accumulated mass transport (Sv) per section in fall. Transport is derived using 324 

velocities from the inverse box models output, except for the North section for which the LADCP adjusted 325 

geostrophic transport is shown. Solid lines indicate 2016 data and dashed lines 2017 data. Transport magnitudes, 326 

along with their uncertainties, are indicated for each line. When two values are shown, left values represent 2016 327 

and right 2017. The transport of the thermocline layers (1 to 4) is represented in red and the intermediate transport (5 328 

to 6) in green. Northward/eastward transport is positive and southward/westward transport is negative. Arrows 329 

represent an idealized schematic representation of the adjusted geostrophic transport. The names of the currents are 330 

labeled next to the colored arrows, CC stands for the Canary Current, IPUC for the Intermediate Poleward 331 

UnderCurrent and CCR for the Canary Current Recirculation. 332 
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 333 

 334 
Figure 8: Same as figure 7 for spring. Here, values to left correspond to 2017 and the right to 2018. The solid line 335 
represent the transport for the 2018 cruise and the dashed lines the transport for 2017. 336 

Table 4: Net transport together with their uncertainties (in Sv) per section and cruise at the thermocline and the 337 
intermediate levels. The transport of the North section is not presented with uncertainties as it i only estimated with 338 
the LADCP data. 339 
 340 

Section Layer Fall 2016 Fall 2017 Spring 2017 Spring 2018 

North Thermocline -1.4 -3.3 -3.4 -3.1 
Intermediate -0.5 -0.1 -0.9 -0.6 

LP Thermocline 3.3  0.3 2.5  0.4 -0.7  0.2 -3.9  0.2 
Intermediate -0.2  0.2 0.80.2 -0.4 0.2 -0.4  0.1 

A Thermocline 3.4  0.2 - -0.7   0.2 -3.9  0.2 
Intermediate -0.2  0.1 - -0.4  0.1 -0.1  0.1 

B Thermocline 3.5 0.3 - -1.0  0.2 - 
Intermediate -0.1 0.1 - -0.5  0.1 - 

C Thermocline 3.2  0.3 - - - 
Intermediate -1.0  0.2 - - - 

D Thermocline -0.2  0.3 - - - 
Intermediate -0.8  0.2 - - - 

E 
Thermocline -  4.4  0.4 - -2.1  0.4 
Intermediate -  2.6  0.4 - -0.7  0.4 

F 
Thermocline -  4.3  0.4 - - 
Intermediate -  2.5  0.4 - - 
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G 
Thermocline -  1.2  0.3 - 2.2  0.4 
Intermediate -  2.0  0.3 - -0.3  0.4 

 6.1 Fall 341 

In fall, the CC flows southward through the North section transporting thermocline waters at a 342 

rate of -1.4 Sv and -3.3 Sv in 2016 and 2017, respectively (Fig. 7). This transport is in the same 343 

ranges as those previously estimated by Hernández-Guerra et al. (2017), Machín et al. (2006) 344 

and Vélez-Belchí et al. (2017). The main path of the CC in the northern sections is through the 345 

western area, although it is difficult to infer its exact position from hydrographic data as result of 346 

high mesoscale activity. However, satellite altimetry data from Copernicus 347 

(http://marine.copernicus.eu) provide insight into the position of the CC (Figure 9). In altimetry 348 

data, the westward-flowing Azores Current (AC) is clearly delineated from 33-36N (Comas-349 

Rodríguez et al., 2011). According to Pérez-Hernández et al. (2013), the AC is the current 350 

feeding the CC. The CC flow on the western side of the archipelago in 2016, while it is located 351 

between the islands of La Palma and Fuerteventura in 2017. In 2016, part of the southward-352 

flowing CC is trapped in two mesoscale eddies located at 30N-14W and 29N-19W. Between 353 

Gran Canaria and Fuerteventura (section D), the CC appears as a small southward flow, with a 354 

transport not significantly different of zero (-0.2±0.3 Sv) in the thermocline layers (Fig. 7). Other 355 

studies have showed that most of the CC flows southward through the westernmost islands 356 

(Machín et al., 2006; Vélez-Belchí et al., 2017) or even west of La Palma in fall (Pérez-357 

Hernández et al., 2013). South of Gran Canaria and Fuerteventura, the CC recirculates northward 358 

over the African slope, as observed in sections C and B, carrying mass transports of 3.2±0.3 Sv 359 

and 3.5±0.3 Sv, respectively (Figures 8 and 9a,b). 360 
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 361 

 362 

Figure 9: Maps of the gradient of Absolute Dynamic Topography (ADT, colored contours) overlapped with ADT in 363 

meters (black labeled contours) for (a) fall 2016, (b) fall 2017, (c) spring 2017, and (d) spring 2017. Note differences 364 

in the colorbar between fall and spring. The Azores Current (AC), the Canary Current Recirculation (CCR) and the 365 

Canary Current (CC) are labeled in white. 366 

In section A (carried out in 2016), the recirculation of the CC transports 3.4±0.2 Sv, on part with 367 

transport through the LP during the same year (3.3±0.3 Sv). However, the transport of the CC 368 

recirculation through the LP is slightly lower (2.5±0.4 Sv) in 2017 than in 2016. In 2017, north 369 
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of Lanzarote, a small fraction of the CC (1.2±0.3 Sv) diverts eastward and enters the box through 370 

section G (Fig. 7). This flow merges with the northward flowing CC. As a result, the CC 371 

recirculation through sections E and F is higher than that at the LP (4.4±0.4 Sv and 4.3±0.4 Sv, 372 

respectively). Mesoscale features are apparent in all sections, as shown in the accumulated mass 373 

transport diagrams (Fig. 7), which could impact the accuracy of these estimates.  374 

In fall, the IPUC at intermediate levels shows a southward transport in the North section with 375 

values of -0.5 and -0.1 Sv in 2016 and 2017, respectively, indicative of interannual variability 376 

(Fig. 7). Through the passage between Gran Canaria and Fuerteventura, the intermediate waters 377 

show a southward transport of -0.8±0.2 Sv, similar to that of the North section in 2016. Over the 378 

African slope, the flow at intermediate waters show high interannual variability, as the IPUC is 379 

only identifiable in 2017. From the LP to F, the transport of the northward flowing IPUC is 380 

similar to that previously described by Hernández-Guerra et al. (2017) . Transport of the IPUC 381 

through the LP is 0.8  0.2 Sv. This flow receive a contribution of 2.0±0.3 Sv entering the box 382 

through section G, flowing northward over the African slope at a rate of 2.6±0.4 and 2.5±0.4 Sv 383 

through sections E and F, respectively. In contrast to 2017, the intermediate flow in 2016 do not 384 

follow the same path as the thermocline waters. Sections A, B and C, carried out in 2016, show a 385 

westward/southward transport close to the African slope of -0.2 0.1 Sv, -0.2 0.2 Sv and -1.0 386 

0.2 Sv, respectively. Transport at A and B is small (-0.2±0.1 and -0.1±0.1 Sv for A and B, 387 

respectively), suggesting that the flow at C is mainly a contribution from section D.  388 

6.2 Spring 389 

During spring, in the thermocline, the CC flows southward through the North section and 390 

through the passage between the Canary Islands and the African coast. In 2018, the CC seems to 391 

be more constrained to the eastern islands (Figure 9c,d). The CC flows southward through the 392 

North section with a transport estimated in -3.4 Sv and -3.1 Sv in 2017 and 2018, respectively 393 

(Fig. 8). The mass transport derived from box models shows that a branch of the CC enters the 394 

African slope through sections E (-2.1±0.4 Sv) and G (2.2±0.4 Sv).  Mesoscale structures are 395 

apparent in the western and northern portions of sections E and G (Fig. 8), which could affect the 396 

accuracy of inferred mass transport. The CC flows southward through the LP and section A, with 397 

flow characterized by high interannual variability. In 2017 the transport is much smaller than in 398 

2018 (-0.7 ±0.2 Sv versus -3.9±0.2 Sv in LP, and -0.7±0.1 Sv versus  3.9±0.4 Sv in A, 399 
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respectively). Despite the high variability between years, the estimated transport is consistent 400 

with previous estimates (i.e. Knoll et al., (2002); Laiz et al., (2012); Vélez-Belchí et al., (2017)). 401 

In section B, south of Fuerteventura, the CC mass transport is -1.0±0.2 Sv, although the presence 402 

of a cyclonic eddy, carrying a mass transport of -4.6±0.5 Sv, potentially affects our estimations. 403 

The intermediate waters in spring flow southward through the North section, with a transport of    404 

-0.9 Sv in 2017 and -0.6 Sv in 2018 (Fig. 8). Between the islands and the African shelf, the mass 405 

transport is southward. In 2018, the current enters the passage through section E (-0.7±0.4 Sv) 406 

and a portion of it exit through section G (-0.3±0.4 Sv), with the remainder flowing south 407 

through the LP (-0.4±0.1 Sv) and A sections (-0.1±0.1 Sv, Fig. 8). In contrast to the thermocline 408 

waters, the transport of intermediate waters in both years is similar. In 2017, the transport 409 

estimates are  -0.4±0.1 Sv in the LP, -0.4±0.1 Sv in section A, and -0.5±0.1 Sv in section B. 410 

 6.3 Seasonal cycle amplitude 411 

Aside from interannual variability, differences in transport are apparent between fall and spring. 412 

We estimate the amplitude of the seasonal cycle in the LP, calculated as the difference between 413 

the fall transport of the precedent year minus the spring transport of the next year (Transportfall - 414 

Transportspring), in order to compare with previous estimates by Vélez-Belchí et al. (2017) 415 

(Table 5).  416 

Table 5: Mass transport (Sv) through the Lanzarote passage in fall, spring, and for the seasonal cycle. The CC, the 417 
Intermediate waters transport, and the net transport between the CC and the intermediate layers are shown. 418 

Year layers Fall Spring Seasonal cycle 

2016-2017 
Thermocline (1:4) 3.3  0.3 -0.7  0.2 4.0  0.5 
Intermediate (5:6) -0.2  0.2 -0.4  0.2 0.2  0.4 

Net (1:6) 3.1  0.3 -1.1  0.1 4.2 0.4 

2017-2018 
Thermocline (1:4) 2.5  0.4 -3.9  0.2 6.4  0.6 
Intermediate (5:6) 0. 8 0.2 -0.4  0.1 1.2  0.3 

Net (1:6) 3.2 0.4 -4.3  0.2 7.6  0.6 

2017 
Thermocline (1:4) 2.5  0.4 -0.7  0.2 3.2 0.4 
Intermediate (5:6) 0. 8 0.2 -0.4  0.2 1.2 0.3 

Net (1:6) 3.3 0.4 -1.1  0.3 4.4 0.5 

 419 

The amplitude of the seasonal cycle for fall 2016-spring 2017 equal 4.2±0.34 Sv, comparable to 420 

an amplitude of 3.7±0.4 Sv estimated by Vélez-Belchí et al. (2017) for the Eastern Boundary 421 

(EB). Unlike for 2016-2017, the amplitude for fall 2017-spring 2018 is higher, equaling 7.6±0.6 422 

Sv, a value comparable in magnitude to that estimated by Pérez-Herández et al. (2015) for the 423 
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Atlantic basin at 26ºN. Estimating seasonal amplitude from 2017 data yields a value of 4.4 ±0.5 424 

Sv, on par with estimates from Vélez-Belchí et al. (2017). The high interannual variability in the 425 

net transport seasonal cycles result from high variability in spring transport (recall -1.10.1 Sv 426 

and -4.30.2 Sv in 2017 and 2018, respectively), as fall transport is approximately similar in 427 

both years (Table 5). 428 

7 Disussion and Conclusions 429 

Mass transport has been inferred from two fall and two spring cruises carried out in the eastern 430 

North Atlantic Subtropical Gyre. Each cruise sampled the North section, and up to eight shorter 431 

sections that enclosed several volumes along the African slope which we use in an inverse box 432 

modelling framework to derive mass transport. The unbalanced initial geostrophic transport is 433 

adjusted with LADCP data and using results of an inverse box model (apart from the North 434 

section). 435 

The intermediate water masses shows strong seasonal and interannual variability. Spatially, 436 

while a core of MW/AAIW is apparent on the western/eastern side of the northernmost sections 437 

(E and F), further south (LP to B sections) only AAIW can be identified.  Seasonally, the AAIW 438 

is the largest contributor to the seasonal cycle of intermediate waters. AAIW reaches its 439 

minimum salinities in fall, and MW reaches its maximum salinities in spring. The intermediate 440 

water masses also show variations on an interannual basis, particularly in spring. In spring, water 441 

masses at intermediate levels are saltier and warmer in 2018 than in 2017, showing a 442 

stronger/weaker MW/AAIW signal. In fall, the interannual difference in theses water masses is 443 

smaller than in spring, although salinity shows values more extreme in 2017 than in 2016. 444 

The circulation schemes shown in figures 7 and 8 reveal different paths for the CC in fall and 445 

spring, as many authors have previously reported (i.e. Fraile-Nuez et al., 2010; Hernández-446 

Guerra et al., 2003; Machín et al., 2006)). In fall, the CC and the transport at intermediate levels 447 

flow southward through the western islands (Machín et al., 2006; Pérez-Hernández et al., 2013). 448 

The CC flows through the North section and section D, recirculating south of the archipelago due 449 

to mesoscale activity created by the islands, finally entering the channel between the eastern 450 

islands and Africa, as previously reported (Mason et al., 2011; Pérez-Hernández et al., 2015). 451 

Interestingly, while the surface flow of the CC recirculate southwest of Gran Canaria, the 452 

intermediate flow travels between Gran Canaria and Fuerteventura. In 2017, a branch of the CC 453 
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flows eastward (1.20.3 Sv) North of Lanzarote and join the northward recirculation of the CC, 454 

flowing over the African slope. As a result, the CC recirculation at the northernmost sections E 455 

and F (4.40.4 Sv and 4.30.4 Sv, respectively) is higher than at the LP (2.50.4 Sv). In fall, the 456 

CC demonstrates high interannual variability, with a mass transport 1.9 Sv weaker in 2016 than 457 

in 2017. We attribute this to the  position of the current: while in 2017 the CC flows between La 458 

Palma and Fuerteventura, in 2016 the main path of the CC seems to lie west of the archipelago 459 

(Fig. 8a-b), as in Pérez-Hernández et al. (2013), or appears diverted into large eddies.  460 

As previously reported in the literature, the CC flows southward in spring in the oceanic region 461 

as well as over the African slope. Surprisingly, while in the oceanic region,  the CC shows a 462 

steady transport of approximately 3 Sv across our sampling period, the CC branch flowing over 463 

the African slope demonstrate strong interannual variability, transporting -3.9±0.4 Sv in 2018 464 

versus -0.70.2 Sv in 2017. Hence, the easternmost path of the CC is found in 2018 (Fig. 9d). 465 

The southward transport of 2017 is comparable to that previously estimated by  Machín et al. 466 

(2006) for spring (-1.0±0.1 Sv) . 467 

On the other hand,  we observe highly variable northward/southward transport over the African 468 

slope in intermediate waters. The northward-flowing IPUC, described by Hernández-Guerra et 469 

al. (2017), Pérez-Hernández et al. (2015) and Vélez-Belchí et al. (2017), is only apparent in 470 

2017. The absence of the IPUC in 2016 might be due to the seasonal intermittence, as discussed 471 

in Machín et al. (2010) who identified a northward  IPUC/AAIW flow only from July to early 472 

October. Because our 2017 cruise took place in late October and early November, the IPUC may 473 

already have stopped, with the intermediate flow shifting southward. 474 

The AMOC seasonality is strongly linked to the seasonality of the eastern boundary (Chidichimo 475 

et al., 2010; Kanzow et al., 2010; Pérez-Herández et al., 2015), with maximum northward 476 

transport for both, AMOC and eastern boundary, found in fall (Vélez-Belchí et al., 2017). The 477 

seasonal cycle in the eastern boundary results from variability in the CC and its recirculation in 478 

fall, as well as seasonal changes in the IPUC (Vélez-Belchí et al., 2017). Here we estimate that 479 

the flow through the LP varies seasonally and interannually, from 4.2±0.4 Sv, in 2016-2017, to 480 

7.6±0.6 Sv, in 2017-2018. Transport for 2016-2017 is similar to the eastern boundary seasonal 481 

cycle amplitude of 3.70.4 Sv estimated by Vélez-Belchí et al. (2017) using hydrographic data 482 

from 2013/2014 at the LP. In contrast, 2017-2018 values are more similar to the full AMOC 483 
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seasonality of about 6 Sv, as estimated by Pérez-Herández et al. (2015) using a mooring time 484 

series from 2006 to 2012. 485 

In conclusion, we provide with the first integrated view of the circulation of the CC as it flows 486 

through the eastern islands and the African shelf in fall and spring. Over the African slope, we 487 

find high variability in seasonal and interannual mass transport in the  CC, with highest 488 

interannual variability observed in spring. The transport at intermediate levels also shows an 489 

interannual  and seasonal variability, with the IPUC only detected in fall 2017. 490 
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 634 

Figure 1: Location of the hydrographic stations at each cruise. (a) Map of stations occupied 635 
during fall cruises. Blue dots correspond to 2016 and red dots to 2017. (b) Same as (a) for spring 636 
stations. Red dots represent 2017 and blue dots 2018. Names of transects are indicated by North, 637 
LP (Lanzarote Passage), A, B, C, D, E, F and G. Grey lines represent the bathymetry from 638 
ETOPO1 (Amante and Eakins, 2009). Orange and green arrows are a schematic representation of 639 
the circulation in the area at thermocline and intermediate layers, respectively. The labels 640 
represented are the Canary Current (CC), Canary Current Recirculation (CCR) and Intermediate 641 
Poleward UnderCurrent (IPUC). 642 
Figure 2:  -S diagrams for the four cruises: (a) fall 2016, (b) spring 2017, (c) fall 2017 and (d) 643 
spring 2018. Thick black lines correspond to the isoneutrals, which approximately divide the 644 
water column into surface (n<26.85 kgm-3), central (26.85>n>27.38 kgm-3), intermediate 645 
(27.38>n>27.82 kgm-3) and deep (n>27.82 kgm-3) waters masses. Isoneutrals values are 646 
indicated in grey. Colors correspond to transects (see Fig. 1). Water masses are indicated in 647 
black, including Surface Waters (SW), North Atlantic Central Water (NACW), Antarctic 648 
Intermediate Water (AAIW), Mediterranean Water (MW), and North Atlantic Deep Water 649 
(NADW). 650 
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Figure 3: African slope salinity cross sections, focusing on intermediate levels (500-1500 m 651 
depth) in fall (left column) and spring (right column). (a) section F, (b) and (f) section E and (c) 652 
and (g) section LP for fall 2017 and spring 2018 cruises respectively. (d) and (h) correspond to 653 
section A and (e) and (i) section B for fall 2016 and spring 2017 cruises respectively. MW and 654 
AAIW are labeled in each of the sections where they are observed. 655 

Figure 4: Volumetric -S diagrams for (a) fall and (b) spring. The colors represent the logarithm 656 
of the number of counts per grid point defined in the diagram. Marker size indicate magnitude of 657 
counts. (c) Difference in number of counts (non-logarithmic) of the volumetric -S diagrams of 658 
fall and spring (fall-spring). Positive values (red) indicate more abundance in fall while negative 659 
values (blue) indicate more abundance in spring. 660 

Figure 5: Integrated mass transport per isoneutral layer using the unbalanced geostrophic 661 
velocities adjusted with LADCP velocities. The four panels correspond to the transport in (a) fall 662 
2016, (b) fall 2017, (c) spring 2017 and (d) spring 2018. Positive/negative sign indicates 663 
eastwards/westward or northward/southward flow. Line colors indicate north-south transects for 664 
each cruise. Solid lines stand for northward/southward flow and dashed lines for 665 
eastward/westward flow. The back line in the legend separates the transects done on the African 666 
Slope from the others. The labels of the water masses are shown next to the layer number to 667 
which they correspond. 668 

Figure 6: Velocities at the reference layer from the inverse box model including error bars with 669 
the uncertainty (in m/s) for (a) fall 2016, (b) fall 2017, (c) spring 2017, and (d) spring 2018. The 670 
red doted lines separates discrete transects, with transect name indicated in black capital letter. 671 
Positive velocities are north/east and negative velocities are  south/west. 672 

Figure 7: Representation of the accumulated mass transport (Sv) per section in fall. Transport is 673 
derived using velocities from the inverse box models output, except for the North section for 674 
which the LADCP adjusted geostrophic transport is shown. Solid lines indicate 2016 data and 675 
dashed lines 2017 data. Transport magnitudes, along with their uncertainties, are indicated for 676 
each line. When two values are shown, left values represent 2016 and right 2017. The transport 677 
of the thermocline layers (1 to 4) is represented in red and the intermediate transport (5 to 6) in 678 
green. Northward/eastward transport is positive and southward/westward transport is negative. 679 
Arrows represent an idealized schematic representation of the adjusted geostrophic transport. 680 
The names of the currents are labeled next to the colored arrows, CC stands for the Canary 681 
Current, IPUC for the Intermediate Poleward UnderCurrent and CCR for the Canary Current 682 
Recirculation. 683 

Figure 8: Same as figure 7 for spring. Here, values to left correspond to 2017 and the right to 684 
2018. The solid line represent the transport for the 2018 cruise and the dashed lines the transport 685 
for 2017. 686 

Figure 9: Maps of the gradient of Absolute Dynamic Topography (ADT, colored contours) 687 
overlapped with ADT in meters (black labeled contours) for (a) fall 2016, (b) fall 2017, (c) 688 
spring 2017, and (d) spring 2017. Note differences in the colorbar between fall and spring. The 689 
Azores Current (AC), the Canary Current Recirculation (CCR) and the Canary Current (CC) are 690 
labeled in white. 691 
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 692 

Table 1: Neutral density levels used in the analysis, following Hernández-Guerra et al., (2017). 693 
Thermocline levels are defined as layers 1 to 4, intermediate levels as layers 5 and 6, and deep 694 
levels as layers 7 to 13. 695 

Layer n Water mass 

1 Surface – 26.44 SW 

2 26.44 – 26.85 SW 

3 26.85 – 27.162 NACW 

4 27.162 – 27.38 NACW 

5 27.38 – 27.62 AAIW 

6 27.62 – 27.82 AAIW/MW 

7 27.82 – 27.922 NADW 

8 27.922 – 27.975 NADW 

9 27.975 – 28.008 NADW 

10 27.008 – 28.044 NADW 

11 28.044 – 28.072 NADW 

12 28.072 – 28.0986 NADW 

13 28.0986 - Bottom NADW 

  696 
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Table 2: Inverse model characteristics for each of the cruises, including the number of station 697 
pairs, the number of equations, the number of unknowns and the transects that shape each box. 698 
The capital letters listed in the table correspond to the names of the transects shown in figure . 699 

 Fall 2016 Fall  2017 Spring 2017 Spring 2018 

station pairs 51 47 31 39 

equations 42 28 28 28 

unknowns 56 51 34 43 

box 1 LP – A  F – E   LP – A  E – G – LP  

box 2 A – B  E – LP – G A – B  LP – A  

box 3 B -D – C  - - - 

 700 

Table 3: Mass transport imbalances and uncertainties (in Sv), after adjustment using velocities 701 
resulting from the inverse model for each enclosed volumes. The enclosed volumes for boxes 1-3 702 
are defined in Table 2. 703 

 Fall 2016 Fall 2017 Spring 2017 Spring 2018 

Box 1 LP – A 
0.1  0.2 

F – E 
0.2  0.3 

LP – A 
-0.2  0.2 

E – G – LP 
0.2  0.2 

Box 2 A – B 
-0.2  0.2 

E – LP – G 
-0.1  0.3 

A – B 
0.2 0-2 

LP – A 
-0.2  0.2 

Box 3 B – D – C 
0.1  0.2 - - - 

 704 

Table 4: Net transport together with their uncertainties (in Sv) per section and cruise at the 705 
thermocline and the intermediate levels. The transport of the North section is not presented with 706 
uncertainties as it i only estimated with the LADCP data. 707 

Section Layer Fall 2016 Fall 2017 Spring 2017 Spring 2018 

North Thermocline -1.4 -3.3 -3.4 -3.1 
Intermediate -0.5 -0.1 -0.9 -0.6 

LP Thermocline 3.3  0.3 2.5  0.4 -0.7  0.2 -3.9  0.2 
Intermediate -0.2  0.2 0.80.2 -0.4 0.2 -0.4  0.1 

A Thermocline 3.4  0.2 - -0.7   0.2 -3.9  0.2 
Intermediate -0.2  0.1 - -0.4  0.1 -0.1  0.1 

B Thermocline 3.5  0.3 - -1.0  0.2 - 
Intermediate -0.1 0.1 - -0.5  0.1 - 

C Thermocline 3.2  0.3 - - - 
Intermediate -1.0  0.2 - - - 

D Thermocline -0.2  0.3 - - - 
Intermediate -0.8  0.2 - - - 

E 
Thermocline -  4.4  0.4 - -2.1  0.4 
Intermediate -  2.6  0.4 - -0.7  0.4 

F 
Thermocline -  4.3  0.4 - - 
Intermediate -  2.5  0.4 - - 

G 
Thermocline -  1.2  0.3 - 2.2  0.4 
Intermediate -  2.0  0.3 - -0.3  0.4 
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Table 5: Mass transport (Sv) through the Lanzarote passage in fall, spring, and for the seasonal 708 
cycle. The CC, the Intermediate waters transport, and the net transport between the CC and the 709 
intermediate layers are shown. 710 
 711 

Year layers Fall Spring Seasonal cycle 

2016-2017 
Thermocline (1:4) 3.3  0.3 -0.7  0.2 4.0  0.5 
Intermediate (5:6) -0.2  0.2 -0.4  0.2 0.2  0.4 

Net (1:6) 3.1  0.3 -1.1  0.1 4.2 0.4 

2017-2018 
Thermocline (1:4) 2.5  0.4 -3.9  0.2 6.4  0.6 
Intermediate (5:6) 0. 8 0.2 -0.4  0.1 1.2  0.3 

Net (1:6) 3.2 0.4 -4.3  0.2 7.6  0.6 

2017 
Thermocline (1:4) 2.5  0.4 -0.7  0.2 3.2 0.4 
Intermediate (5:6) 0. 8 0.2 -0.4  0.2 1.2 0.3 

Net (1:6) 3.3 0.4 -1.1  0.3 4.4 0.5 
 712 

 713 

 714 

 715 
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Figure 8.
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Figure 9.
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