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1. Introduction 3. Results 3a. Regional comparisons

Marine heatwaves (MHW) and low-chlorophyll (LChl) extremes have been
increasing in frequency and intensity over the satellite record!. Extremes can
be more damaging to ecosystem health than a slow shift in the mean
condition?. This damage is amplified when multiple extreme events overlap,
creating a compound event.? Since compound MHW-LChl extremes can be
driven by changes in the availability of light and nutrients, adding dust to the
system may 1mpact the formation or progression of MHW-LChl events. Dust
fertilizes the sea surface with iron, nitrogen, and phosphorus and has been
linked to phytoplankton blooms*°. Studies in the Arabian Sea found that
adding dust to the water reduces the phosphorus limitation on phytoplankton
growth®, with an increase of 2-9 mg/m? in the chl-a concentration after dust
storms’. However, at very high AOD values (>0.5-0.6), dust's light-blocking
effects may inhibit phytoplankton growth3°. Dust may also have a small
effect on MHWs directly. A recent study found that aerosol forcing in
preindustrial-climate simulations reduces MHW frequency by 34%, but did not
change MHW intensity or duration, relative to preindustrial simulations
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Figure 3: Phytoplankton
biomes!3 used to control
for different regional
chlorophyll responses.
Selected regions are the
per-biome regions where
cross-correlation of dust
and MHW-LChl anomaly
was >[0.1].

= ﬁQﬂ” \;? NS wEN
Wy i
k{ T b

Biomes
Tropics
Winter Subtropical

Study Regions
Summer Subtropical Il Bay of Bengal

High Latitude Transition Il W Indian Ocean
Monsoon and Tropical

o
-]
N iy BN NE Atlantic
—
Pacific Equatorial Upwelling = \ Q__é/‘“ Il Tropical Atlantic

MHW-LChI Intensity and Dust

without aerosol forcing!®. Additionally, the major 2023 North Atlantic MHW . Northeast Atlantic 020
. = | _ Max intensity: p = 0.00663] | -
was recently shown not to be caused by the low aerosol conditions that 2 2 Dust, n. = 677 Cumulative intensity: p = 0.374
. . . & —— No dust, n = 2392 Duration: p = 0.0619| [ 0-19
season''; thus, there 1s still uncertainty around where and when aerosols act to £ o

. : . . L er s = 4 - 0.10 3
mitigate SST extremes. In a changing climate, where dust distributions may § 1 ] il S = A
change and MHW-LChl events are expected to become more frequent, I e A 005

b ° ° ° ° 0 : _____
understanding these phenomena could have implications for fisheries and 2 i ' ' ' ' ' 0.00
other resource management during, and in the recovery after, compound g Tropical Atlantic 0.20
= _ Max intensity: p = 0.701 ’
extreme events. 2 Dust, n. = 998 Cumulative intensity: p = 0.00132
= —— No dust, n = 2852 Duration: p = 0.000362 | [ 019
- — : R s A
| , | B 2 S - [ 0.05
-0.4 -0.2 0.0 0.2 0.4 0 1 2 3 4 5 6 7 8 9 10
2 . M eth Od S Correlation Coefficient Lag Time (days) g i i ! 0.00
Northeast Indian Ocean
Data Sources Figure 2: Temporal cross-correlation at each grid cell of dust against chl-a, SST, and MHW-LChl ey : ST Max intensity: p = 1.156-07] | 0-20
. . . . : . . . 2 B i = o o —
We utilized daily sea surface temperature (SST), chlorophyll, and atmospheric dust anomalies, assessed over lags of 0-10 days, with dust leading the other variable. All anomalies are 5 . — NoMust. n = 2155 [Cumulatn]z)eulrxﬁgitg. P O'Oog.ggJ 015
data at 1° x 1° horizontal resolution from 60°N-60°S with daily observations filtered with a 90-day high-pass Butterworth filter to remove long-term climate variability and indices - i 010 &
' such as ENSO. The left column shows the maximum cross-correlation, and the right column shows §) 19 A
« SST data came from Copernicus’s GLORY'S reanalysis. the lag which that value occurs. = I R - 0.05
' ' SR i T P e __
* Chlorophyll was sourced from Globcolour, a satellite-derived product. = 01 i - - . - . 0.00
* Dust data was from CAMS and represented AOD at 550nm. N Northwest Indian Ocean 020
. = 5 _ Max intensity: p = 0.0107] | -
3b. Seasonal comparisons ‘2 - Dust, 0 = 1289 | cunutative intensity: b = 0,019 |
. . = —— No dust, n = 3772 Duration: p = 0.0252 | [ Y-
Defining Single and Compound Extreme Events E Hrerom P o
=4 - 0.10 3
. . . . . @) [
We used the Hobday! definition of extreme events, a period of at least five MHW-LChl Intensity and Dust in Northeast Indian Ocean 5 0,05
consecutive days above the 90™ percentile/below the 10 percentile threshold, o Winter R p——— F3======s=e—===zoooLo o0 S S — o e N 0.00
relative to a seasonal climatology. G o i S———— Max intensity: p = 00195 -2 -5 0 5 10 15 20 25 30
Q » ’ _ Cumulative intensity: p = 0.241 | 4 ;¢ time (days relative to event start)
. . . . . . . . = | —— No dust, n = 369 Duration: p = 0.547 N
To normalize multivariate anomalies, we weighted each single anomaly against its =y | ‘ "lo10 2
extreme threshold!? S -——=—4. a
; L =~ | ——— s eesameee [ 0.05 Figure 4: Composites of MHW-LChl intensity (solid lines) and dust (dotted lines) in the 5 days before and
value — climatology g 0 — e m——— ! ! | — 0.00 30 days after the start of a compound MHW-LChl extreme, with or without a concurrent dust extreme event
anoMuyormed = threshold — climatolo time (days relative to event start) in the five days prior to or first five days of the MHW-LChl event. Events are found independently for each
gy Spring grid cell, then the mean is taken to find the composite. Shaded areas represent the 95% confidence interval.
P
: : = - — 0.20
and then obtain the compound anomaly by taking the L2 vector norm of the 22 — — Dust =35 Cumulativgﬁlﬁéﬁg?gflg; 102=4(1)é‘{8§
normalized anomalies E — Nodust, n = 537 Duration, p = 0.000307 | [ %1 )
211 - 0.10 é
compound anomaly = +Janom,? + anom,? + ...+ anom,,? 2| . NS SO\ G, S D P .05
L . e e | —— . . 0.00 4. Conclusions/Outlook
Compound intensity 1s identical to compound anomaly when all variables are time (days relative to event start)
above their extreme threshold and 0 otherwise. > Summer 020 * Dust has little effect on MHW-LChl extremes across the whole year, but it may
B o | _ Max intensity: p = 1.31e-06 ' e .
MHW-LChI Events and Dust ; 2 | Eus;, n = 134602 Cumulative intensity: p = 0.00679 | | o 1 mitigate or amplify some effects seasonally.
— = —— Nodustn= Duration: p = 1.35€-05 i * The Northeastern Indian Ocean displays the greatest changes associated with
061 y = 1A : - 0.10 3 . :
3 %] 77 High Dust Threshold Sl - | A dust, especially in the summer.
| —— Dust Climatology ] Mo - 7 e, _ T . - 0.05 . . . o . R o . . .
S04 % 0 fo===== [-i _______________ e [ Cemmea- * Dust is associated with significantly lower maximum intensity in winter,
2 0.2 | l . . l . 0.00
- 0.0 = time (days relative to event start) Sumincr, and fall. . . . . .
Fall * Dust events correlate with significantly shorter events in spring and
P
2 ; — 0.20 c ot . -
— 7 2] . — Dusto- 114 CamenX Itonsity: p = 2.89¢.05 significantly longer events in summer. The sp.rlng/ summer boundary |

g **] 777 Hign SST Threshold & —— No dust, n = 647 Duration: p = 0.542 | | *1° roughly corresponds to the monsoon onset in this region, so these correlations

o _— imatology - 17 . . . . .

= 221 5 11 - 0.10 3 may reflect timing or extent of the monsoon rains 1n particular years.

209 SZmmmmmmmmo—oo = e R T = P _[0.05  Regions with more dust do not display stronger dust-associated differences 1n
e — = N i g play g
' ' =i ! : T ], " o 2000 intensity or duration.

0.20 — cnla time (days relative to event start) * Changes in dust correlate to ENSO and other modes of climate variability, so the
%0'15 _ E;Vlvacéllljlzsz,ﬁ:};dd Figure 5: Seasonal composites of MHW-LChl intensity (solid lines) and dust (dotted lines) in the 5 days results present§d here are hlghly pre.hmlnary; we cannot yet say how mUCh> if
@ 0.10 before and 30 days after the start of a compound MHW-LChl extreme in the Northeastern Indian Ocean/Bay any, of these differences can be ascribed to dust.

S 0.05 —:F—'E‘:??W?Q:m of Bengal, with or without a concurrent dust extreme event in the five days prior to or first five days of the
, . . | MHW-LChI event. Events are found independently for each grid cell, then the mean is taken to find the
Time composite. Shaded areas represent the 95% confidence interval. Next s leps
3] — MHW-LChI Anomaly M * Control for ENSO, IOD, NAO, and MLD when assessing whether dust causes or
§ | e ntensy V. N P TN . merely correlates with these changes.
- ~ : . :
% N M [\(/ \/ Contact Determine whether the dominant extreme (MHW or LChl) alters the response to
N I _ dust (1f any).
Apr May Jan ol Aug Phone: +1 (973) 307-4437 (also on WhatsApp) 3 co of the Analyse frequency of dust events in the days surrounding the start of a MHW-
2023 email: alessandra.quigley@columbia.edu py LChl ¢
Figure 1: Dust, SST, chl-a, and MHW-LChl anomaly and intensity over February to August 2023 at 31.5°N, p a p er soon | cvenl.
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extreme threshold. The shaded blue regions each represent one MHW-LChl event lasting at least five days. email: anastasia.romanou@columbia.edu And see references




