Diagnosis of the atmospheric
conditions associated with the
arrival of sargassum to the coasts
of Quintana Roo, Mexico.
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Motivation

The massive arrival of sargassum generates
adverse environmental, social, and economic
impacts in the Quintana Roo coast.

As it floats, part of the sargassum is exposed to %
the surface wind. S0 W
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Sargassum fluitans. Crédit:A. N. S. Sfuda
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Motivation

Since 2011, the arrival of sargassum has
increased through a belt in the Atlantic that
extends from West Africa to the Gulf of
Mexico: The Great Atlantic Sargassum belt
(GASB).

https //C|gom org/not|C|as/

The spatlal distribution of this belt is driven
' irculation

https://cigom.org/noticias/



Motivation
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Airports on Mexico's Caribbean coast reported more than 35 million visitors in 2025.
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Approaches

There are three main approaches to analyzing the arrival of
sargassum on the coasts of Quintana Roo:

e Sargassum population dynamics

e Ocean surface dynamics

v/ Atmospheric surface dynamics
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Consolidation Regions

Schematic of proposed Sargassum transport pathways using drifting T
buoy experiments. (Franks et al. 2016) &9



Towards a sargassum warning system

Currents description Satellite measurGD

Atmospheric

Ll J

| )
e=pcurents )((wins) Cemperatre

diagnosis
1

Model configuration

Validation

forecast
2
monitoring

A

\ 4

Calibrated forecasting system
Early warning system

warning




Goal

To contribute to an early warning system through a
diagnosis of seasonal, annual, and interannual

atmospheric circulation patterns in the Atlantic and
Caribbean Sea.
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Data and methodology

= 30 years (1989 to 2018) of wind data at 10m from NCAR's Climate
Forecast System Reanalysis (CFRS). Temporal resolution of 6 hrs.
Spatial resolution of 0.31° (40 Kms. aprox.)

= For each zone, its seasonal, annual, and interannual variability, as
well as its extreme values, were estimated.




ﬁ e v e
g ‘V/f«k—(//-—‘——v-t—w/

g

LATITUDE

First maximum

100°W 80w 0%
e —= 695 LONGITUDE
40N
20N
0

90w 60w 30w 0 90w 60w 30w 0

1.5 2 2.5 83 B3.5 4 4.5 5 B 6 253 354 455 556 65 7758 859 95 10 105 11.5 12

Wind at 10 m, winter 1989-2018. a) Wind direction and magnitude. - —
b) 10th percentile of speed wind. c) 90th percentile of speed wind. Gz



o A IARXKIE S, |
AT S

LATITUDE

Second maximum

(Y
10°N —# 77

b)

40N

20N

90w 60w

B | | ] [

1.9 2 2.5 3 3.5 4 4.5 5 5.5 6 253 354 455 556 65 7758 859 95 10 10.5 11.5 12
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North Atlantic Oscillation (NAO)

January 1950-December 2025
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Source: https://www.cpc.ncep.noaa.qgov/products/precip/CWlink/pna/norm.nao.monthly.b5001.current.ascii.table Powered by ZingChart
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2015 1.79 1.32 1.45 0.73 0.15 -0.07 -3.18 -0.76 -0.65 0.44 1.74 2.24
2016 0.12 1.58 8.73 0.38 -0.77 -6.43 -1.76 -1.65 0.61 0.41 -0.16 0.48
2017 0.48 1.00 0.74 1.73 =1.91 0.05 1.26 -1.10 -0.61 0.19 -0.00 0.88
2018 1.44 1.58 -0.93 1.24 2:12 1.09 1.39 1.97 1.67 .93 -0.11 0.61
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The North Atlantic Oscillation
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Case studies
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Connectivity with other regions?

(A) Monthly mean Sargassum areal coverage in the Caribbean Sea and the central
Atlantic Ocean. (B) Monthly mean Sargassum density (% cover) in January, April, July,

and October. (Wang et al., Science 365, 83—87, 2019).
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Physical processes of sargassum accumulation

TR L
“ W T " » =
?z \*’ :

//l\

*\\ﬁﬂl?{ 18 i\l\l\\i\\\\\\\\l\\\\ X,

Surface wind

_><— 4— divergence —>

_ P.‘—onvergence <= divergence g
deceleratio ’ acceleration (@ IMTA

.
a
S
74 ~‘<‘ - "
- Az =
]
-IIIIH|||H||I|||||||||||_
SNpPROU R R RO ee el S0 E e
Thho ambs Lbob s



LATITUDE

6 1.500
4
1.000
2
0 0.500
©
S 0
x 2 <
— =
A 0.000 o
wu L
- 2
Py I - N/ ~' \ -0.500
-8
-1.000
-10
-12 - -1.500
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
 NAO Areal Area2 Area3 Aread Area5 Areab

NAO index and annual wind divergence (s™) . m

INSTITUTO MEXICAND
DF TECNOLOGIA DEL AGUA



Highlighted cases

a) July 2015
b) July 2018

c) February 2015
d) February 2018
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Discussions

Atmospheric conditions for transporting sargassum to the
coasts of Quintana Roo are more favorable in summer than in
winter.

The highest extremes (90th percentile) in the Caribbean
modulates sargassum transport in both winter and summer;
however, connectivity with other regions makes summer more
favorable.

The case studies were identified in the recent years 2015 and
2018, specifically in February and July. In 2018, the 90th
percentile was higher than in 2015, but the average for the
Caribbean was not.
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Towards a wind warning system
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The activation of the stages will depend on the conditions estimated in a diagnostic study
of the environmental conditions under which the sargassum arrives (wind, currents,

times, geographical area and mass).
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Future work

Second stage:

 Estimation of wind thresholds, ocean currents and surface
temperature of the Caribbean Sea and their temporal and spatial
evolution that trigger a dynamic early warning traffic light.

Third stage:
Validated numerical forecast of circulations (atmospheric and
oceanic) and their correlation with sargassum trajectories.

Fourth stage:
Automated early warning system based on a dynamic traffic light
system for easy consultation and interpretation.



