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Directional Wave Changes Induced by the Expanding Tropics

Motivation1
A continued expansion of the tropics, defined by the

poleward extent of the Hadley Cell (HC), is expected
over the coming century with global warming. The
expansion and strengthening of the HC has implications
for the surrounding climatic zones under a changing
climate. However, the implications on wave climate are
not well understood. For wave-dominated, sandy
coastlines even a small change in wave direction can
have significant impacts for sand transport and
shoreline erosion (Adams et al., 2011; Goodwin et al.,
2016). On this basis, the correlation of directional wave
power with the width and strength of the Hadley Cell
circulation is a variability indicator that should be
exploited for future wave climate projections.

Data and methods3

Quantify the impacts of Hadley Cell variability on wave
climate (directional wave power) over the past ~40 yrs.

Objective2
Results4

Data: Zonal winds (U10, m/s), mean wave direction (Dirm, °), and wave power (Pw, kW/m) was calculated

for regular waves as 𝑃𝑃𝑤𝑤 = 𝜌𝜌𝑔𝑔2

32𝜋𝜋
𝐻𝐻𝑠𝑠2𝑇𝑇𝑝𝑝. From ERA5 reanalysis (ECMWF, 2017). From 1979 to 2018 (hourly and

0.5° resolution).
Classification of the global wave climate into Wave Climate Types (WCT)

a.1) Spatial-time multivariate (monthly values of Dirm ,𝑃𝑃𝑤𝑤) K-mean clustering technique were used to
classify the wave climate.
a.2) Indicators of variability (longitude, latitude of the mass center, 𝐿𝐿𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶 and 𝐿𝐿𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶; mean wave
power, PwCS; average of mean direction, DirmCS; total area, ATCS) of the WCT for each region were
extracted. The regions were identified as Indian Ocean, North Pacific, Tropical Pacific, South Pacific,
North Atlantic, Tropical Atlantic and South Atlantic.

The expanding tropics
b.1) The limits of the tropics were identified as the latitude where the direction of the surface zonal
wind switches sign.
b.2) Indicators of variability (longitude, latitude of the mass center,𝐿𝐿𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶; 𝐿𝐿𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶; Total area ATCS) of the
tropics for each ocean basin( Pacific, Atlantic and Indian Ocean) were calculated.

Impacts of expanding tropics on wave climate: Pearson’s Correlation Coefficients were obtained,

𝑅𝑅 𝐴𝐴,𝐵𝐵 = 1
𝑁𝑁−1

∑𝑖𝑖=1𝑁𝑁 𝐴𝐴𝑖𝑖−𝑥𝑥𝐴𝐴
𝑠𝑠𝐴𝐴

𝐵𝐵𝑖𝑖−𝑥𝑥𝐵𝐵
𝑠𝑠𝐵𝐵

. When the probability was lower than 5% (P<0.05) the correlation

coefficient was statistically significant. Time series were de-trended and de- seasonalized first.
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Conclusions5

• Wave climate types are generated by the high and low-pressure belts of the lower
structure of the Hadley, Ferrel and Polar Cells with the effects of Coriolis at the
surface.

• The low-pressure belt (ascending branch of the Hadley Cells) is one of the
atmospheric mechanisms that generate the Tropical Easterlies, while the high-
pressure belts of the descending branches contribute to the generation of the
Subtropical Southerlies and Extratropical Westerlies.

• Wave power of each WCT was positively (negatively) correlated with the total area of
the Hadley Cells in the Northern (Southern) Hemisphere.

• Wave power variability of each WCT results from changes in pressure gradients
induced by the ascending and descending branches of each atmospheric cell.
Variability in wave direction is due to their relative position. Variability in the strength
and position of each cell is associated with the width of the Hadley Cell.
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Impacts of expanding tropics on wave climatec)

* Significant at 95% confidence level

a)

• The classification of the global wave power climate into high-level directional types
allows correlation of wave conditions with planetary atmospheric phenomenon as
the tropics continue to expand under anthropogenic warming (Lucas et al., 2014).

• With tropical expansion, the wave fields of coastal areas affected by Extratropical
Westerlies rotate clockwise with the exception of the North Atlantic, and those
affected by Tropical Easterlies and Subtropical Southerlies in the Southern
Hemisphere rotate anti-clockwise.

• This work confirms the expanding tropics should be exploited for global coastal
hazards projections under a changing climate.

• Future work will be addressed in the differentiation of both Northern and Southern
Hemisphere Hadley Cell as results clearly distinguish different wave power impacts.

Pearson’s Correlation Coefficients (R) of  Pw and Total Area of HC 

Region WTC Pacific Ocean Atlantic  Ocean Indian Ocean

North  Hemisphere ETW 0.19* 0.35* -
STS 0.18* 0.17* -

Tropical Region TE 0.20* 0.16* -0.45*

Southern Hemisphere ETW 0.09 -0.24* -0.70*
STS -0.16* -0.30* -0.76*

Pearson’s Correlation Coefficients (R) of  Dirm and Total Area of HC 

Region WTC Pacific Ocean Atlantic  Ocean Indian Ocean

North  Hemisphere ETW 0.28* -0.14* -
STS 0.30* 0.14* -

Tropical Region TE -0.43* -0.18* -0.58*

Southern Hemisphere ETW 0.43* 0.31* 0.49*
STS -0.28* -0.30* -0.35*
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Trend

Pacific Atlantic Indian Ocean

Area (km2/yr) 2112.93* 777.28* -173.09

𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶 𝑈𝑈1𝑈 (°/yr) 3.8E-4 3.5E-4* 4.5E-4

𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶 𝑈𝑈1𝑈 (°/yr) -3.5E-4 -2.6E-4 -2.5E-4

* Significant at 95% confidence level by Kan Medell
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