
 

Study investigates impact of extreme weather
events on ocean circulation in tropical Pacific

October 13 2023

  
 

  

ASV change, sea surface temperature, and mixed layer depth. a Mixed layer
depth (MLD) difference (percent) between GW-ASVCTL and GW (GW-
ASVCTL minus GW). The ASV kinetic energy (KE) difference is represented
in black contour. The average GW MLD (m) is represented in red contour. b Sea
surface temperature (SST) difference (°C) between GW-ASVCTL and GW. The
ASV kinetic energy difference is represented in black contour. The average SST
(°C) is represented in red contour. c Mixed layer depth (MLD) difference
(percent) between GW-ASVCTL-FLX and GW. The MLD difference (percent)
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between GW-ASVCTL and GW is represented in contour. d Average SST
difference (°C) between GW-ASVCTL-FLX and GW. The SST difference (°C)
between GW-ASVCTL and GW is represented in contour. e, f The region
10°N–10°S (e) and 20°S–40°S (f) are considered. The mean MLD (m; abscissa)
vs. KE ASV (m2 s−2; ordinate) vs. SST anomaly compared to GW-ASVCTL
(color) for each experiment are represented. The black circle represents the
experiment CTL, the black square GW, the green circle GW-ASVCTL, the
green square GW-ASVCTL-FLX (the ASV value corresponding to GW-
ASVCTL is plotted here), the blue triangle GW-ASVM10, the blue hexagon GW-
ASVM20, the red triangle GW-ASVP10, and the red hexagon GW-ASVP20.
Credit: npj Climate and Atmospheric Science (2023). DOI:
10.1038/s41612-023-00459-3

The strength of the wind has an important influence on ocean
circulation. This is particularly true for extreme events such as storm
fronts, tropical storms and cyclones. These weather patterns, which last
from a few days to a few weeks, will change in the future due to climate
change. In particular, the average energy input into the ocean from mid-
latitude storms is expected to decrease, while equatorial regions will
become more active. Scientists call these different weather patterns
"Atmospheric Synoptic Variability" (ASV).

Two climate researchers—Dr. Olaf Duteil from the GEOMAR
Helmholtz Center for Ocean Research Kiel and Professor Dr. Wonsun
Park from the IBS Center for Climate Physics and Pusan National
University, Korea—have now for the first time investigated the
integrated effects of long-term changes in these weather patterns on the
Pacific basin in a modeling study. The results show how important it is
to take these changes into account in climate models. They have now 
published their findings in the journal npj Climate and Atmospheric
Science.
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From a climate point of view, the weather is usually considered as
"noise" and is not systematically analyzed in long-term climate
projections, say the two researchers. "However, it is not enough to look
at average atmospheric properties, such as mean wind speeds, to
understand the influence of climate change on the ocean," says Duteil,
"it is crucial to consider the cumulative effect of short-term changes in
weather patterns to get a complete picture."

The researchers expect that future changes in Atmospheric Synoptic
Variability will affect the mixing of the ocean's layers, as a smaller or
larger input of kinetic energy into the ocean due to weather phenomena
will lead to less or more mixing, respectively. The researchers predict
that the reduction in ASV in subtropical regions will lead to a shallowing
of the mixing layer in the ocean, while it will become deeper at the
equator as ASV increases

They also show that a future reduction in ASV decreases the strength of
oceanic circulation systems—the so-called subtropical and tropical
cells—and the large-scale ocean circulation. These systems connect mid-
latitudes and equatorial latitudes via upper ocean pathways. They are
driven by the trade winds north and south of the equator, regulate the
upwelling of equatorial waters and play a fundamental role in
determining the surface temperature of the oceans and thus primary
productivity in the tropics.

This study highlights the need to better quantify ASV and weather
patterns in climate models, as changes in ASV have a large impact on
future upper ocean circulation and mean properties. Duteil states, "This
quantification should be used to improve our confidence in projections
of future climate, especially when analyzing large ensembles of climate
models."

  More information: Olaf Duteil et al, Future changes in atmospheric
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synoptic variability slow down ocean circulation and decrease primary
productivity in the tropical Pacific Ocean, npj Climate and Atmospheric
Science (2023). DOI: 10.1038/s41612-023-00459-3
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