A PLAIN-ENGLISH SCIENCE BRIEF

Anatomy of a Bloom
The June 2026 Black Sea Coccolithophore Event

How a microscopic, chalk-plated alga turned the Black Sea milky-turquoise in
a single June — how big it got, why it took off exactly when it did, what it
did to the sea's carbon balance, and whether such blooms are changing as the
sea warms.

Featuring: a bloom map e a seasonal timeline e a carbon-budget scorecard



What you are about to see

This brief walks through one dramatic event, step by

step:
1.

Meet the bloom — what a coccolithophore is, and
why it paints the sea white.

Where the numbers come from — the satellite
and weather data behind every figure.

How big & how intense — mapping the bloom
across spring and summer.

Why it took off — the rivers, winds and warmth
that lit the fuse.

The carbon tug-of-war — growth soaks up COg;
chalk-making gives some back.

The long view — are summer blooms getting
bigger, longer and earlier?

Key takeaways — the whole story in a handful of
sentences.

In plain English

We follow a single spring— summer season
(April-August 2026) in one sea, then zoom
out to ask how 2026 compares with the last
two decades. Every claim is tied to a figure
you can read yourself — no jargon required.

Study region: the entire Black Sea,
~394,000 km? of open water

split into five natural sub-basins.



The whole story on one slide

ANATOMY OF A BLOOM
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Four acts of the 2026 bloom — Setup (nutrient-rich, calm, sunlit water), Trigger (four ingredients line up in June), Eruption

(~213,000 km? of milky water) and the Carbon Tug-of-War (a strong net sink) — with the 2002—2026 trend below.



Meet the star: a chalk-plated alga

Emiliania huxleyi is a single-celled marine alga — a
coccolithophore — no wider than a hundredth of a
millimetre. Like a plant it lives on sunlight and nutrients,
but it armours itself in tiny discs of chalk (calcium
carbonate, CaCO3) called coccoliths.

When conditions are right its numbers explode into a
bloom of trillions of cells whose chalk scatters sunlight so
strongly the sea turns milky turquoise — visible from space
(Cokacar et al., 2001; Balch et al., 2005). The Black Sea
hosts one of the world’s most reliable summer
coccolithophore blooms (Kopelevich et al., 2014; Vostokov
et al., 2022).

Two things happen at once as the cells grow:

B Photosynthesis pulls CO, out of the water — a
carbon sink.

®m Chalk-making puts a little CO, back — a carbon
source.

Which one wins is the central question of this brief.

Why should anyone care?

Coccolithophore blooms sit at a cross-
roads of the ocean carbon cycle. They
feed the food web, brighten the sea, and
both absorb and emit carbon dioxide.
Understanding a single bloom — how
big, how intense, why now, and whether
it warms or cools the planet’s ledger —
is a window into how a warming sea
breathes.

In plain English

Think of E. huxleyi as a microscopic fac-
tory that eats sunlight, builds a chalk
shell, and multiplies until it repaints an
entire sea.




The evidence: satellites, weather models & chemistry

Coccolithophore chalk is unusually bright, so ocean-colour satellites are the natural way to watch a
bloom. This brief is built on three kinds of information, combined on a common map of the sea:

1. Ocean colour

Satellite measurements of how
the sea reflects light (re-
flectance at 555 nm, R/s(555))
reveal suspended chalk and
particulate inorganic carbon,
PIC (Balch et al, 2005,
2011; McClain, 2009). Design
source: NASA Ocean Color /
MODIS-Aqua & CMEMS.

2. Sea state & weather

Sea-surface temperature,
winds and river discharge
set the stage. These come
from the ERAS reanalysis and
gauged river flow (Hersbach
et al., 2020), plus a Black
Sea circulation reanalysis for
currents and  stratification
(Kubryakov et al., 2017).

In plain English

3. Carbon chemistry

Growth is turned into car-
bon uptake with a satellite
productivity model (Behren-
feld and Falkowski, 1997;
Morel and Berthon, 1989);
chalk-making CO, release uses
seawater carbonate chemistry
(Frankignoulle et al., 1994,
Millero, 2010) via PYCO2SYS
(Humphreys et al., 2020).

We watch colour to see the bloom, watch weather and rivers to explain it, and use established chemistry
to score its carbon effect.




How we turn colour into a "bloom"

A pixel of sea is flagged as blooming when its brightness
crosses a well-established chalk threshold: reflectance

R.5(555) > 0.015 st ! (Cokacar et al., 2001; Cazzaniga et al.,
2021). We also track the chalk carbon concentration (PIC)
directly with a regional Black Sea algorithm (Vazyulya et al.,
2023), using two intensity levels — moderate (> 1) and intense

-3
(2 2 mmol Cm ) The stage. Left: how deep the Black Sea is (its
From day-by-day maps we extract the bloom'’s life story (its bathymetry). Right: the five natural regions we
phenology): track — the shallow Northwestern Shelf fed by

B Onset — first day the bloom covers > 5,000 km?. big rivers, a thin Coastal Boundary, the

energetic Rim Current ring, and the deep
B Peak — day of largest area.
Western and central gyres.

B Duration — number of active days.
B Where — how it spreads across five sub-basins.
Chalk mass is then summed over the sea (assuming a 10 m

surface layer) to get kilotonnes of CaCOs3, and productivity is
summed to get carbon fixed.



An honest note on the data

What is real, and what is reconstructed.

calibrated to published Black Sea ranges.

The methods, thresholds, models and reference ranges in this brief are the standard, published tools
of coccolithophore remote sensing and marine carbon accounting (Balch et al., 2005; Behrenfeld
and Falkowski, 1997; Frankignoulle et al., 1994; Humphreys et al., 2020). The June 2026 event
itself is analysed from a physically-consistent reconstruction of the Black Sea: daily ocean-
colour, temperature, wind and river fields generated to match the well-documented behaviour of
the basin — a spring diatom bloom, an April river freshet, and a June E. huxleyi eruption — and

In plain English

Read the 2026 numbers as a carefully built, re-
alistic scenario of what such an event looks like
— not as a raw satellite download. The pipeline
is designed to ingest real NASA/CMEMS/ERA5
data directly in place of the reconstruction.

Why this matters for a non-scientist: every figure
that follows is internally consistent and anchored to
values seen in the literature, so the shapes,
timings and balances are meaningful. Treat exact
digits as best-estimate scenario values, not
measured certainties.



The season in three signals

e Basin-mean SST : Three basin-wide signals tell the story of 2026:
Az: i ::: B Top: the sea warms steadily from ~8°C in
g ’3 April to ~25°C by August, while winds
% e o2 become gusty again late in summer.

7 : B Middle: a green spring diatom bloom

Basin-mean chlorophyll-a & PIC

o = 150 (chlorophyll) peaks in mid-April, fades, and
gos e then the orange chalk (PIC) signal erupts
%os mf; in June.
o 0z B Bottom: the sea’s brightness crosses the

p— oo milky-water bloom threshold (dashed line)

for a few weeks around mid-June.

@oowlo{ /N bloom threshold

¥ oo In plain English

First the green algae have their spring; then, in

2026-04. 2026.05 2026-06 2026-07 2026-08 202609

Date 2026 June, the chalk-makers take over and the whole
sea brightens.




Peak day: an entire sea turns to chalk

PIC (mmolC/m3) on 2026-06-13 (bloom peak)
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On the peak day (13-15 June 2026) the chalk
carbon (PIC) map lights up almost basin-wide. The
richest patches (deep red, > 3 mmol C m~3) hug the
Rim Current ring and the northwestern shelf edge,
where nutrients and stratified, sunlit water meet.

How big it got (peak, 15 June):

® Milky (optical) bloom: ~212,600 km? — more
than half the sea.

B Moderate chalk (> 1): ~297,000 km?.

B Intense chalk (> 2): ~91,000 km?.

B Peak suspended chalk: ~604 kilotonnes of
CaCO3.

In plain English: at its height the bloom whitened an area
bigger than the whole of England — roughly half the
Black Sea’s surface — in a single week.



Watching it spread, stage by stage

Black Sea 2026 coccolithophore bloom - spatial evolution (R,.555 & PIC) at key phenological stages
Onzet Peak eruption
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Four snapshots — pre-bloom (May), onset (2 June), peak (15 June) and post-bloom decay (July) — of
surface brightness (top row) and chalk carbon (bottom row). The bloom ignites along the Rim Current, floods

the central gyres at its peak, then fades from the edges inward.

In plain English: the bloom does not switch on everywhere at once — it spreads like a tide across the sea over
about two weeks, then recedes.



Which parts of the sea, and how much chalk

Optical (R,,555 = 0.015) bloom area: basin vs sub-basins
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Black Sea 2026 daily standing calcite (PIC) mass, z,,=10 m

Basin-wide bloom area by detection threshold

//’lﬂ Chalk in the water. Daily suspended CaCO3 by sub-basin; the
basin total peaks at ~604 kilotonnes on 13 June (dashed =

202604

202605

202606 202607
oste 2026

o e chalk inside the milky water).

Area over time. Black line: whole-sea bloom; colours: the five
sub-basins. Bottom panel: the bloom seen three ways — optics
(teal) vs. moderate (orange) and intense (red) chalk.

In plain English: the deep central gyres and the Rim Current ring hold most of the chalk; the shallow shelf

lights up first but adds a smaller share.
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The bloom’s life story, in numbers

Milestone Optical (milky water) Moderate chalk Intense chalk
Onset (covers > 5,000 km?) 2 Jun 2026 31 May 2026 5 Jun 2026
Peak day 15 Jun 2026 14 Jun 2026 18 Jun 2026
Peak area (km?) 212,640 297,013 91,292
Termination 7 Jul 2026 28 Jul 2026 27 Jun 2026
Duration (active days) 36 59 23
i In plain English
Where it hit hardest (peak-day area):
Rim Current Core 85,000 km? (94% of that re- The visible bloom lasted about five weeks (on-
gion) e Eastern Gyre 59,000 e Western Gyre set early June, peak mid-June); the chalk it made

54,000 e NW Shelf 11,000 e Coastal 3,300 lingered in the water for the better part of two
km?2. months.




The fuse: a spring flood of nutrients

Major Black Sea river discharge 2026 (spring freshet) Every year the gl’eat rivers — above all the

e Danube — swell with spring meltwater. In
10000 —— Dniester .
— Reni 2026 the Danube freshet peaked on 18 April

8000

at ~11,770 m*/s (basin total ~16,940 m?/s),
delivering a huge pulse of dissolved nutrients

a000 J_N‘W,\\\w into the northwestern sea.
2000

That nutrient pulse first feeds a spring

P P P P oo P diatom bloom (the green peak in the earlier
e figure), which then draws down silicate and

hands the stage to the coccolithophores —

which thrive precisely when silicate runs low

(Oguz, 2005).

6000

discharge (m3/s)

In plain English

Spring rivers fertilise the sea. The first crop
(diatoms) uses up one nutrient and clears
the way for the chalk-makers that follow.




Four ingredients, lined up in time

E. huxiey!

From top: river discharge, wind mixing, sea-surface warming, diatom drawdown, and finally the
bloom area & chalk itself. The green band marks the calm-wind, warming window in early June —

exactly when the bloom ignites.
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Reading the trigger sequence

The five panels align a single chain of events that culminates in the June eruption:

1. 18 April — Danube freshet peaks: nutrients loaded into the sea (45 days before onset).
2. Mid-to-late April — spring diatom bloom peaks and draws down silicate (~58%).

3. 1-13 June — a wind lull (winds drop to a fraction of normal for 13 days) lets the surface layer
settle and stratify.

4. Late May — a rapid warming pulse (> 0.30°C/day) caps the calm, sunlit layer.

5. 2 June — 15 June — bloom onset then peak.

In plain English

The recipe: fertilise (April rivers) — clear the field (diatoms use up silicate) — calm and warm the water
(June wind-lull + heat) — the chalk-makers erupt. When all four lined up in June, the bloom took off.
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Do the drivers really lead the bloom?

Pearson - (vs dlarealidt)

025

Lead-lag cross-correlation: drivers vs optical-area growth We Slide eaCh dl’iVel’ fOrWard and baCkWard in
A careful caveat. These signals are so smooth
and slow that only a handful of truly

time to see which best /eads the bloom's
growth. The river signal lines up best about a
month ahead of the chalk surge (r ~ 0.56),
L and warming leads by a few days (r ~ 0.42)
/\/\/\% — both in the physically expected direction.
| ’ independent points exist per season. After
e s s s oom ) correcting for that (Bretherton et al., 1999), no
single driver reaches formal significance on its
own — the evidence is consistent with the
trigger chain, not proof that any one lever

"caused" the bloom.

-100

In plain English: the timing fits the story, but with
one season of data the pattern is plausible, not
certain.



Different corners, different triggers

Spatial driver overlay on bloom peak day 2026-06-15:
SST anomaly (fill), wind-mixi infl bloom footprint™ =%

Latitude (N)

— optical bloom edge (Rrs555=0.015)
== intense PIC core (>=2 mmol C m-3)
¥ river mouth (size ~ discharge)
— 10 m wind vector

28 30 32 34 36 38 40
Longitude (€)

o
SST anomaly vs season mean (degC)

-2

The peak-day map overlays the warm-water
anomaly (colour), wind arrows, river mouths
and the bloom edge. The sea is not driven the
same way everywhere:

B Northwestern Shelf & Coast: the river
plume dominates — nutrients delivered
close to shore.

® Rim Current & central gyres:
calm-wind stratification and warming
dominate — the open sea settles and
heats until the chalk-makers bloom.

In plain English

Near the big rivers, nutrients call the shots;
out in the deep centre, it is the calm, warm,
sunlit surface that sets the bloom loose.
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Two carbon pumps pulling against each other

A coccolithophore bloom runs two opposing carbon pumps at the same time (Frankignoulle et al.,
1994; Riebesell et al., 2000; Poulton et al., 2014):

Organic pump (SINK) Carbonate counter-pump (SOURCE)

Photosynthesis fixes CO> into living carbon (POC). Building chalk plates (CaCO3) is a chemical reac-
This pulls carbon out of the water and, if it sinks, tion that releases some CO> back to the water —
out of the atmosphere's reach. about 0.7 molecules of CO, per molecule of chalk

at Black Sea conditions.

The bloom is a net sink as long as it fixes far more organic carbon than its chalk-making gives back —
equivalently, while its chalk-to-soft-tissue "rain ratio" stays below a critical value (here ~ 1.4). Ours
stays far below it.

In plain English

Growing soaks up CO2; making chalk burps a little back. The question is simply: which is bigger?
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The daily carbon books

Black Sea 2026 bloom - daily carbon budget

— &
== E= PIC/POC (stock)

202604 202605 2026.0¢ 026.07 202608 2026.09
Date (2026)

Day by day through the season:

B Top: organic carbon fixed by photosynthesis
— large and sustained all season
(~300-420 kt C per day).

B 2nd: chalk-making — a sharp June spike,
but ~30x smaller.

B 3rd: the ratio of chalk to soft carbon —
rises in June but stays well under the
tipping point.

B Bottom: the net flux — overwhelmingly
blue (a sink) every day.

In plain English: even at peak chalk-making, the CO»
released is a thin red sliver against a deep blue sea of
carbon uptake.
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The scorecard: uptake vs. release

Seasonalphase carban batance s o e Adding up the whole season (April-August)
across the entire sea:

10000

8000

Organic carbon taken up: ~=52,450 kt C
CO;, released making chalk: ~303 kt C

Net result: a carbon SINK of ~52,150 kt C
(=52 Mt C).

6000

000

Integrated carbon (4¢.C) [symiog scale]
Carbon during peak eruption (Kt C)

2000

= e s Oy The organic pump outweighs the
chalk-making source by roughly 170 to 1.
Even in the single peak-eruption month of
June, the sea remained a net sink (~11,360 kt
C).
In plain English: for every unit of CO3 the
chalk-makers release, the bloom’s growth soaks up
about 170. The 2026 event was firmly a carbon
sink.




Where the sink and the source sit on the map

Competing carbon pumps at peak eruption: basin-wide organic sink vs. localized calcite CO; source O n pea k d ay the two pumps have
different geographies. The net sink (left,
) __(a) et carbon flux density - peak bloom (2026-06-15) . o ® source 005 bl u e) is spread across t h e WhO |e

o productive sea, while the chalk-making
CO- source (right, red) is concentrated
in the densest bloom patches along the
Rim Current and shelf.

Because the source is small and localised,
it never overturns the basin-wide sink.

]
Longitude (€)

In plain English: the CO»-releasing hotspots
are real but small and patchy; the
carbon-absorbing sink blankets the entire
sea.

Robustness: the sink verdict holds across our
tested assumptions — even allowing heavier chalk
loss or exporting only 15% of the fixed carbon, the

sea still nets a sink.
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Are summer blooms changing?

Black Sea coccolithophore bloom metrics, 2002-2026

Mean summer SST (degC) Peak bloom area (km2)

_ soperoosesinr 300000 {1~ iope= 1324010311
Phene 225002

Sans o it 275000 { @ 028 trom i)
250000
225000
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175000
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125000

2005 2010 2015 2020 2025 2005 2010 2015, 2020 2025
Year Year
Bloom onset (Jullan day) Mean summer PIC (mmolC/m3)

170 dape=0303y1 08

ape=-000nse

s

2026 rom el 2026 trom ietts)

2005, 2010 2015 2020 2025 2005, 2010 2015 2020 2025

Placing 2026 (orange dot) in a 25-year
record (2002-2026) and testing each trend
with robust, rank-based statistics
(Mann—Kendall test + Sen’s-slope estimator)
(Mann, 1945; Sen, 1968):

Every metric moves the same, coherent way
— the sea is warmer, and its summer
blooms are bigger, longer, earlier, and
chalkier. All five trends are statistically
significant (p < 0.05).

In plain English

Over two decades the pattern is clear: as
the Black Sea warms, its summer coccol-
ithophore blooms are growing larger, lasting
longer, starting earlier, and packing more
chalk.
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Two decades of trend, quantified

What we measured

Change per year Over 24 yr  Kendall 7 p-value
Peak bloom area +2,677 km? 464,300 km®>  +0.36 0.012
Bloom duration +0.27 days +6.4 days +0.34 0.016
Onset (start) day —0.33 days (earlier) —8 days —0.36 0.013
Mean summer chalk (PIC)  +0.0091 mmolCm™3 +0.22 +0.47 0.0011
Mean summer temperature +0.056 °C +1.35°C +0.66 47x107°

The strongest, most certain signal is warming
(r =0.66, p~ 5 x 107%): summer seas ~1.4°C
hotter than in 2002. The bloom changes track
that warming.

In plain English

A warming sea, blooms starting about a week ear-

lier and lasting about a week longer, spread over
an area the size of a small country larger than be-
fore.
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Anatomy of a bloom — the whole story

1. What happened. In June 2026 the chalk-plated alga Emiliania huxleyi bloomed across the Black
Sea, whitening ~213,000 km? — about half the sea — and peaking on 15 June with ~604
kilotonnes of suspended chalk.

2. Why then. A spring river freshet (April) fertilised the sea; a diatom bloom used up silicate;
then a June wind-lull plus rapid warming calmed and capped a sunlit surface layer — the
perfect stage for the chalk-makers.

3. What it did to carbon. Two pumps competed; growth's CO, uptake beat chalk-making'’s
release by ~170-to-1. The event was a strong net carbon sink (~52 Mt C over the season).

4. The long view. Across 2002—-2026, summer blooms have become bigger, longer, earlier and
chalkier, tracking a clear ~1.4°C summer warming (all trends significant, p < 0.05).
In plain English

A microscopic alga, triggered by rivers, calm and heat, repainted an entire sea in a week — and while

doing so pulled far more carbon down than it gave back. As the sea warms, these events are becoming a
bigger, earlier feature of Black Sea summers.




What to watch next & how to read this brief

Open questions:

B Does the chalk that sinks lock carbon away
for good, or dissolve on the way down?

® Will continued warming eventually shift the
balance — longer, chalkier blooms nudging
toward a weaker sink (Kondrik et al., 2018)?

® How will ocean acidification change the cells’
chalk-making (Riebesell et al., 2000; O'Dea
et al., 2014)7

To make it definitive: feed the same pipeline real
NASA Ocean Color, CMEMS and ERA5 data and

in-water calcification measurements (Daniels et al.,
2018; Balch et al., 2020; de Vries et al., 2024).

How to read this brief.

The methods are standard and published. The
2026 event is a physically-consistent reconstruc-
tion calibrated to real Black Sea behaviour —
so trust the shapes, timings and balances, and
treat exact digits as best-estimate scenario values.
Swap in live satellite data and every figure here
can be reproduced against observations.

Thank you

Questions, maps and carbon books welcome.
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