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Introduction
Why phenology is important?

The study of the timing of periodic biological events

Critical lag

Phytoplankto

Grazer,

Tight linkage to the
peak abundance In
graZers [Longhurst, 2007]

Match-mismatch hypothesis
[Cushing, 1990]
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Introduction

Global ocean (for subpolar regions)
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Introduction
The East Seal/Sea of Japan
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Introduction

Key Questions
> |Is there any Stratification

Eco-physiological impacts

significant -
relationship 0
between bloom X
. : & a °.
timing metrics? 5 o £y
» What physical & :,‘
drivers influence NE
the relationship @Q’Q
\

between bloom

timing metrics? e, B
Xing, sy on

X bloom timing metrics: bloom initiation, peak timing, duration, termination, peak magnitude
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Data & Methods

T Pixel time-series
Definition L
: : : : O
Feature extraction using shifted Gaussian Curve
Time
N ~(t=tm)?
o : - 5 2
- B(t) =By +BXt+hXxexp 20°
1
Ty} =
g ti=t, —(—2x1log0.2)2x o
§ o =t,—1.76 X0
= tg =2 X (tym — t;)
O —
g tt = ti + td
t,=Bo+pB-t+h
= :
< | | | | [Zhai et al., 2011]
5 10 15 20
: Bloom timing matrics of Gaussian Curve
Time [8days] B(t) = shifted Gaussian ?unction t; = time when chl (B(¢) — (B + B X t)\
By = backgourd value of chl reaches 20% of bloom amplitude
B X t = additive linear term t,, = time when bloom peaks
h = amplitude of bloom t; = time when chl(") decreases
o = width of chl peak to 20% of bloom amplitude
t = time ty = period from initiation to
termination

\ t, = peak intensity J
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Data & Methods

Data sources

0.25degree, 8days, 1998~2014
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Result & Discussion

Annual mean
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Result & Discussion

Spatial distribution: climatological mean
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Result & Discussion

Interannual variability
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Result & Discussion

. Relationship between bloom timing metrics
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Result & Discussion

. The effect of physmal factors Stong correlation
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Summary

<< advanced <—> longer
»» delayed  »—< shorter

Spring ‘ Autumn

In the East Sea (1998~2014)

Temporal Weak trend No remarkable trend
Trend t; <ty ty; —>
Q1.
Relationship 1

t; c— t; ot
between bloom Pty P e ta b Xtm
timing metrics
Q2. :

tiy ty;y X WND,_, weak correlation
Influence of S . :

: : faster and strong stratification: The biotic impact is more

physical forcing : :

earlier blooms? important?
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Further thought

v Why does the earlier bloom tend to be longer
lasting?

v We expected that if the bloom initiation is
advanced, the peak magnitude is lower. But, why
is there no relationship between them?

v Is the wind stress in Feb and Mar really going

to decrease? If not, how can we explain the trend
of bloom initiation in the East Sea?
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Introduction

Ephemeral periods of
deep convection
—>positive buoyancy
(in the absence of
stratification)

diapause
Turbulence below a
certain threshold
abiotic
Shutdown of biotic
deep convection
Restratification
(reduction of turbulence mixing,
mesoscale features: eddies and
fronts, even in the absence of net .
positive heat input) [Lindemann and John, 2014]
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Data & Methods

Analysis flow
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= Creating merged Spatial binning

data (oc4v6)

Parameters Spatial  Temporal Spatial Spatial
titm, ta, Ly, Ly * +

T

using shifted

Gaussian Curve
t; bloom initiation

t,, peaktiming

t; bloom duration

t; bloom termination
t, peak magnitude

(spatial: interval value using mean

Gab Filling

AN

(horizontally, vertically, diagonally), n > 4)

HE -

(chl<50, mean-1.96ssd<x<mean-1.96+sd, n=3)
95% of all observations

Spatial filtering
[Racault et al., 2014]
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Data & Methods

Description of physical metrics

Physical driver Metric name Definition

SST SST,.5 The SST average in Feb and Mar
SST nacrease max The date of largest increase rate in SST between the beginning of the annual cycle
and the maximum SST
SS5T4.10 The SST average in Sep and Oct
SST jeacrease max The date of largest decrease rate in SST between the maximum SST and the end of
the annual cycle
NHF NHF,_; The NHF average in Feb and Mar
NHFynp The first date when NHF turns from zero into positive value
NHFg 15 The NHF average in Sep and Oct
NHF,,,. The first date when NHF turns from zero into negative value
PAR PAR,_; The PAR average in Feb and Mar
PAR pacrease max The date of largest increase rate in PAR between the beginning of the annual cycle
and the maximum PAR
PARy 19 The PAR average in Sep and Oct
PAR jeacrease max The date of largest decrease rate in PAR between the maximum PAR and the end of
the annual cycle
WND WND,._; The WND average in Feb and Mar
WNDy_;, The WND average in Sep and Oct
EKE EKE; The EKE average in Feb and Mar
EKEy ;0 The EKE average in Sep and Oct
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Result & Discussion

Interannual variability

2.0 In the East Sea
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®Result & Discussion
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Result & Discussion

Interannual variability of annual mean
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Result & Discussion

Spatial distribution: linear trend
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Result & Discussion

Spatial distribution: climatological mean
SST NHF PAR WND(7)
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Result & Discussion

Spatial distribution: linear trend
SST NHF PAR WND(T) EKE
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Spatial distribution: trend relationship
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. Correlation
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‘ " .
@Result & Discussion
. Spatial distribution: trend relationship
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Result & Discussion

. Relationship between bloom timing metrics

Spring Autumn
ti Y
lm @
ta 4>
tt 0
more variable more variable
’hi t_‘ \ ( L 2, g | |
L rrrrrs. SRR > A R >
4. .................................. } ‘. ............ }
* If the bloom initiation (t;)  If the bloom termination (t,)
advanced, the peak timing advanced, the peak timing
(t,,) tends to be advaned. (t,,) tends to be advanced.
* If the bloom initiation (t;) * If the bloom termination (t,)
advanced, the bloom tends advanced, the bloom tend to
to last longer (t,). last shorter (z,).
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Result & Discussion
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Further study

Why does the earlier bloom tends to be longer lasting?

Ceratium fusus 1 600 Cylindrotheca closterium

Phytoplankton community respond SRl o T |
differently to physical forcing! éiﬁ:ﬂﬂﬁ‘/ AN 1, |
>Deriving  phytoplankton  groups  fum| 7|\ # S PN
using bio-optical models and HPLC B

-3

Ceratium fusus Cylindrotheca closterium

—2>Analysis of relationship between WWW i if"_%‘i d

phytoplankton bloom feature and

physical forcing Year _ ear
[Edwards & Richardson, 2004]

pigments

a  a

o
N 200 @ O N

Month of seasonal peak

~

Month of seasonal peak
o]

How about the spatial distribution?

Description of spatial differences in
phytoplankton phenology patterns
- using K-means clustering
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