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Objectives:

Develop estimates of coastal
upwelling/downwellingglobally
from satellitescatterometer
winds.

Use this global product to
describespatiotemporal
variability of upwelling
favorable winds at multiple
scales.



Variability in coastal upwelling has important implications for:

Nutrient supply to large and
small marine ecosystems

Carbon sequestration
Regional climate

Crossshelf transport of
biota

Fate of coastal pollutants




Global maps of daily croshelfEkmantransport are computed from the 1@ear record of
SeaWindscatterometerobservations.

This provides a tool for exploring tispatiotemporal variability of potential upwelling
zones over all coastal regions, which is particularly important in regions with Spaste
observations.
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Methodology

AQuikSCAT/Seawindg25 km L2B product) swath 10m wind vectdus, , v,) are
converted to stresses as

([x’[y): ra C:d HUWH(UW’VW)

C, is calculating using the Large and Pond (1982) quadratic formulation.

AS,, S) are biraveraged over 50 km overlapping bins (centered evefy forleach day

ATransport in the ocean surfagkmanlayer is calculated as:
1
S, = [~
(S>< Y) /,o f ( y )

The air density , and the ocean density, are derived from ICOADS monthly
climatology data.




Methodology

ATheEkmantransport vector is
projected onto the (positive
offshore) bathymetric gradient

ABathymetric gradient computed i
from the ETOPO02 global
bathymetry data set for all
locations §ubsampledo 0.71°
resolution) from 15km from the
coast out to 70 km or the 200m
isobath whichever is furthest. |

AGradient averaged over 60 km
length scales (30 km near the
coast).




10-year Annual Mean CrodsobathEkmanTransport fromSeaWinds

Annual mean offshore EKman transport (m“/s)

Very flat regions (bathymetric slope < .001) are masked.




Annual Cycle

Dec-Feb mean offshore Ekman transport (m“/s)
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Annual Cycle

Jan-Mar mean offshore Ekman transport (m“/s)
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Annual Cycle

Feb-Apr mean offshore Ekman transport (m®/s)




Annual Cycle

Mar-May mean offshore Ekman transport (m“/s)




Annual Cycle

Apr-Jun mean offshore Ekman transport {m®/s)




Annual Cycle

ZavalaHidalgo et al.OcnDyn, 2006
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Spring/summer
upwelling




Annual Cycle

Jun-Aug mean offshore Ekman transport (m“/s)
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Annual Cycle

Jul-Sep mean offshore EKman transport (m®/s)




Annual Cycle

Aug-Oct mean offshore Ekman transport (m*“/s)




Annual Cycle

Sep-Nov mean offshore Ekman transport (m“/s)
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Annual Cycle

Qct-Dec mean offshore Ekman transport (m®/s)




Annual Cycle

Nov-Jan mean offshore Ekman transport (m®/s)
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|dentification of Coastal Zones with
UpwellingFavorable Winds



Austral summer
upwelling

Austral winter
downwelling




Western Bay of Bengal
Downwellingduring
NE Monsoon

Western Bay of Bengal
Upwelling during
SW Monsoon



Dec-Feb mean offshore Ekman transport (m®/s) Jun-Aug mean offshore Ekman transport (m“/s)
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Summertime upwelling
Under SW Monsoon winds




Dec-Feb mean offshore Ekman transport (m®/s)
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Jun-Aug mean offshore Ekman transport (m“/s)
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South Madagascar Upwelling
(DiMarcoet al., GRL 2000

I0E 45°F SOFE
(¢) 9 March 2000 13:21z



Dec-Feb mean offshore Ekman transport (m</s)

Wintertime
Sea of Okhotsk
Upwelling
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Dec-Feb mean offshore Ekman transport (m®/s)

Western US CoaS'[ Annual mean offshore Ekman transport {m~/s)
summer upwelling




Temporal Variability



InterannualVariability: Area of upwellinréavorable winds

NE Pacific: Jan mean upwelling area (percent of total area)

Dec-Feb mean offshore Ekmar nsport (m®/s)

% total area

acific: Jul mean upwelling area (percent of tota area)

Annual mean offshore Ekman transport (m‘."s)

% total area



InterannualVariablility: Area of upwellinfavorable winds

Jun-Aug mean offshore Ekman transport (m®/s)

Arctic: Jul mean upwelling area (percent of totaélrea)

% total area
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Upwelling Indices

Annual mean offshore Ekman transport (m*“/s)




