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* Time series of monthly surface chlorophyll concentrations were analyzed at a specific point in both the permanent and seasonal upwelling region of the Northwest
) X . “ African coastal upwelling zone.
: T(I;e da@se" tGar?Cfr;)m the}g;opémlcg; Mgrlr}e SLe;vwe, 18 gflled dGlf)bal Olcear(li C(Eour * In the seasonal zone, chlorophyll shows a clear seasonal cycle, with typical peaks from winter to spring when trade winds are strongest. Weakening trade winds
(S Sfiirtnlgf' Ot‘ 0 082’97 10- ?O') ” cmical, (monthly and interpolated) from and strengthening monsoon winds in the summer disrupt coastal upwelling. Seasonal peaks here often surpass those of the permanent upwelling zone, highlighting
atetlite Lbservations -ongoing). the intense seasonal cycle of productivity in this area.
* It includes observations from spectroradiometer s'atelllte§, the mqst 1r11p0rtant being * In the permanent upwelling zone, the seasonal cycle here is weak, and somewhat higher surface chlorophyll concentrations (> 1 mg/m?) are maintained throughout|
MODIS-A, MODIS-T, VHR_S'SNP P, and JPP S_l’ with spatial “’501““2“ =d4x4 km.o the year. The graph shows less short-term variability, consistent with permanent upwelling.
* The data spans from Sep 1%, 1997, to Sep 1%, 2024, latitude 5.208°N to 34.9792°N, . . .. .. L. . . L. . .
. . o . * Both regions illustrate a statistically significant decline in surface chlorophyll (as illustrated by the negative slope of the trend line in both time series plots).
and longitude 27.9792°W to 5.208°W. It contains regions in the eastern Atlantic Ocean| . . . .
F th ¢ frica. including th ) 1 * The more significant decrease in chlorophyll in the seasonal zone (0.4464 mg m*-3/decade) than in the permanent zone (0.1916 mg m”-3/decade) may be related
off the coast of West Africa, including the coastal upwelling zone. to strengthening monsoon winds and weakening trade winds. This long-term pattern of wind variations was also observed by Ibrahim and Sun in 2022. The more
° The data measures the concen'traFlon qf chlorophyll'-a levels (mllllgraneter cubed). significant impact of monsoon winds on the seasonal upwelling system suggests that a potentially larger decline in primary productivity has occurred here.
Lllq?ra'ture feview was used for 1n§1ghts into what drives coastal upwelling, the seasonal * Spatial surface chlorophyll trends reflect this pattern. The decline in concentrations is weaker and restricted to a narrow coastal band along the northern region
virlatlczir? of uPV;"eH“,lg’ and the estimated lorégt:ter(rin chlor(l)phyll t‘rend.l g (permanent upwelling system). In contrast, this decline is more intense and extends further offshore in the southern region (seasonal upwelling system).
T ico 1ng app 1ci'at}on, MATL‘?B,dwas used for ata a‘rllab}lfsw ulsmgp OIIS and maﬁsa » The noticeable drop in peaks in recent years suggests an intense long-term decrease in primary productivity throughout this region.
1near interpo at{on was ut¥ 1zed to estimate unavalable values in the origmal dataset * This threatens the marine food web, including commercially important fisheries. As one of the world’s major upwelling systems, ongoing reductions in
due to atmospheric factors like clouds. productivity raise concerns for global food security.

In addition to the long-term variations in surface wind patterns, other conditions potentially influence productivity levels. Variations in surface wind and greater
surface heat input can raise the sea surface temperature (SST). Rising SSTs increase ocean stratification, limiting the vertical mixing needed to bring nutrient-rich

] deep water to the surface and lowering productivity.

While satellite data provide valuable surface-level insights, they cannot capture all subsurface variations of productivity, and further research is needed to fully

understand the long-term ecological impacts of these changes. Additionally, the limited time span of this observational data is not entirely sufficient to isolate the
long-term trend from multi-decadal variations.




