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Satellite PSC algorithms
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Northeast U.S. continental shelf (NES)

= Highly productive, temperate marine
ecosystem

= Supports many economically
important fisheries

= Undergoing rapid warming' which
has been connected to changes in
phytoplankton bloom dynamics? and
shifts in the distributions of fish and
other marine species?

NOAA (2020) 'Pershing et al. (2015), 2Hunter-Cevera et al. (2016), 3Kleisner et al. (2017)



Motivation

Evaluate the performance of existing satellite PSC
algorithms in the NES region and determine whether they
can be optimized for regional application

Generate improved PSC imagery products for long-
term time series investigations and integration into regional
ecosystem modeling and fisheries management



Questions

Does re-parameterization of abundance-based PSC models using
a local in situ data set improve performance in the NES?

Can incorporating SST into an abundance-based model framework
improve model performance in the NES?

How do abundance-based and absorption-based algorithms
compare in their estimations of PSCs in the NES?
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Satellite data

= R.4(1), [Chl-a], a,,(4), and ayg(A) from the European Space
Agency’s Ocean Colour — Climate Change Initiative
(OC'CCI) version 4.2 (1 997-201 9)1 [https://esa-oceancolour-cci.org/]

= Match-ups with in situ data determined as median of 3x3 pixel
box centered on sampling location (same day)

= 368 HPLC, 123 a,,(4), 99 ay,(4) match-ups

= SST from Multi-scale Ultra-high Resolution analysis
(MUR) version 4.1 (2002-201 9)2 [https:/podaac.jpl.nasa.gov]

= Daily, gap-filled, 1-km resolution

= Matched with all in situ samples in time and space

https://podaac.jpl.nasa.gov/
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1Sathyendranath et al. (2019), 2Chin et al. (2017)
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Data partitioning

Parameterization
> data set
in situ HPLC
pigment data
Validation

Satellite match-ups > data set

53% of data

47% of data
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Statistical metrics

N
Mean Absolute Error (MAE):  MAE = %2 M, — 0]
=1

: _ I
Mean Bias (8): 6= Nz:i:l(Mi — 0;)

N represents the number of samples
M represents the modeled value (i.e., satellite estimate)
O represents the observed value (i.e., in situ measurement)

Pearson correlation coefficient (r): MATLAB function corr.m

Slope of Type-Il linear regression (S): MATLAB function /sqgfitgm.m
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Estimation of PSCs from HPLC plgments

Diagnostic Pigment Analysis (DPA) 2345
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Estimation of PSCs from HPLC plgments
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Abundance-based algorithms
Estimate the fractional contribution of PSCs based on total [Chl-a]

Erewin et al. (2010)
MODIS AQUA

April 2011

Hirata et al. {2011) Micro—phytoplankton

o INPUT: Satellite total chlorophyll

April 2011
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Abundance-based algorithms

Brewin et al. (2010) [B10]: Model parameters:

m m _ .
Cpico & Cpico,nano = maximum

D...
Cz?ilco,nano [1 — exp (_ Czrorcho,nano [Chl'a]>

F,; = picomano chlorophyll concentration of size class
piconano
[Chl-a] —
Dyico Dyico & Dyiconano = fraction of size
Cpico [1 — exp <— Cm [Chl-a])] class as total [Chl-a] tends toward zero
Fiico = g
P [Chl-a]
Re-parameterized Brewin model: [B-NES]
Hirata et al (2011) [H11]' Re-parameterized Hirata model: [H-NES]
Brewin et al. (2010): [B10]
Fuicro = la; + exp(aX + a3)]™ Brewin et al. (2015): [B15] Brewin model
f K
o = by + exp(b,X + by Brewin et al. (2017): [B17] amener
preo _ Hirata model
Devred et al. (2011): [D11] framework
where Hirata et al. (2011): [H11]
X =log10([Chl-a]) Moore and Brown (2020): [MB20] 15




Comparison of abundance-based models

Micro (20-200 pm)

Pico,nano (0.2-20 um)

Nano (2-20 pm)

Pico (0.2-2 um)

(©)) (@)
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Modification of B10 model with SST

= Brewin et al. (2017) and Moore and Brown (2020) showed that incorporating SST
into existing abundance-based model frameworks can improve performance

1 Micro (20-200 um) Pico,nano (0.2-20 pum) Nano (2-20 pm) Pico (0.2-2 um)
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Modification of B10 model with SST

Following a similar methodology to Brewin et al. (2017) and

Derived model parameters as a function of
Moore and Brown (2020) the average SST of each bin:
Running fit of the model from low to high SST D e
using a bin size of 125 samples: S| (a) ]
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Modification of B10 model with SST

. © Pico,nano

8 10 12 14 16 18 20 22
SST[°C]

= Created a look-up table (LUT) for the
derived model parameters indexed by
SST

= Application of the LUT enables a dynamic
set of model parameters based on
observed SST
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Regional SST-dependent B10 model (B-NES-SST)
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Comparison of SST-dependent models
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dependent abundance-based

models:

Brewin et al. (2017) [B17-SST]
Moore and Brown (2020) [MB20-SST]

in situ validation set (N = 368)

Parameter Model
MAE % _change % .change
with SST with SST
F B-NES-SST 0.17 (0.24) -11 (-4) 0.58 (0.87) +32 (+2)
( C’;’I‘;’r‘;) B17-SST  0.20 (0.25) +5 (0) 0.44 (0.85) 0 (0)
MB20-SST 0.19 (0.24) -5 (-4) 0.49 (0.86) +9 (+1)
F B-NES-SST 0.17 (0.18) -11(-10) 0.58 (0.77) +32 (+6)
( CZZ:ZZOO) B17-SST  0.20 (0.20) +5 (0) 0.44 (0.72) 0 (+1)
’ MB20-SST 0.19 (0.19) -5 (-5) 0.49 (0.73) +9 (0)
F B-NES-SST 0.15 (0.26) -12 (-7) 0.39 (0.79) +225 (+6)
( C:::Z) B17-SST 0.16 (0.27) -6 (-4) 0.29 (0.75) +45 (+1)
MB20-SST 0.16 (0.27) -11 (-7) 0.18 (0.72) 0 (-3)
B-NES-SST 0.09 (0.20) -10 (-9) 0.73 (0.62) +16 (+15)
Foico (Cpico) B17-SST  0.09 (0.23) -10 (-4) 0.73 (0.53) +4 (+23)
MB20-SST 0.10 (0.22) 0 (-8) 0.72 (0.52) +3 (+37)
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Comparison of SST-dependent models
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Compared with two other SST-
dependent abundance-based

models:

Brewin et al. (2017) [B17-SST]
Moore and Brown (2020) [MB20-SST]

Addition of SST consistently decreased error and
increased correlation coefficient for all size classes

in situ validation set (N = 368)

Parameter Model
MAE % _change % .change
with SST with SST
F B-NES-SST| 0.17 (0.24) -11 (-4) 0.58 (0.87) | +32 (+2)
( C’;’I‘;’r‘;) B17-SST  0.20 (0.25) +5(0) 0.44 (0.85) 0(0)
MB20-SST 0.19 (0.24) -5 (-4) 0.49 (0.86) +9 (+1)
F B-NES-SST| 0.17 (0.18) |-11(-10)) 0.58 (0.77) | +32 (+6)
( C‘;’/‘;‘;ZZ’;Z) B17-SST  0.20 (0.20) +5 (0) 0.44 (0.72) 0(+7)
’ MB20-SST 0.19 (0.19) -5 (-5) 0.49 (0.73) +9 (0)
F B-NES-SST| 0.15 (0.26) -12 (-7) 0.39 (0.79) | +225 (+6)
( C:Z:Z) B17-SST 0.16 (0.27) -6 (-4) 0.29 (0.75)  +45(+1)
MB20-SST 0.16 (0.27) -11 (-7) 0.18 (0.72) 0(-3)
B-NES-SST| 0.09 (0.20) -10 (-9) 0.73 (0.62) | +16 (+15)
Foico (Cpico) B17-SST  0.09 (0.23) -10 (-4) 0.73(0.53) +4 (+23)
MB20-SST 0.10 (0.22) 0 (-8) 0.72 (0.52)  +3 (+37)
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Comparison of SST-dependent models
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Compared with two other SST-
dependent abundance-based

models:

Brewin et al. (2017) [B17-SST]
Moore and Brown (2020) [MB20-SST]

B-NES-SST model consistently out-performed the

other two SST-dependent models

in situ validation set (N = 368)

Parameter Model
MAE % _change % .change
with SST with SST
F B-NES-SST| 0.17 (0.24) -11 (-4) 0.58 (0.87) +32 (+2)
( C:IIZZ) B17-SST  0.20 (0.25) +5 (0) 0.44 (0.85) 0 (0)
MB20-SST 0.19 (0.24) -5 (-4) 0.49 (0.86) +9 (+1)
F B-NES-SST| 0.17 (0.18)] -11(-10) | 0.58 (0.77) +32 (+6)
( CZZ:ZZOO) B17-SST  0.20 (0.20) +5 (0) 0.44 (0.72) 0 (+1)
’ MB20-SST 0.19 (0.19) -5 (-5) 0.49 (0.73) +9 (0)
F B-NES-SST| 0.15 (0.26) -12 (-7) 0.39 (0.79)] +225 (+6)
( C:Z:Z) B17-SST 0.16 (0.27) -6 (-4) 0.29 (0.75) +45 (+1)
MB20-SST 0.16 (0.27) -11 (-7) 0.18 (0.72) 0 (-3)
B-NES-SST| 0.09 (0.20) -10 (-9) 0.73 (0.62)] +16 (+15)
Foico (Cpico) B17-SST  0.09 (0.23) -10 (-4) 0.73 (0.53) +4 (+23)
MB20-SST 0.10 (0.22) 0 (-8) 0.72 (0.52) +3 (+37)
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Validation of satellite total [Chl-a]

= Compared the standard OC-CCI [Chl-a]

10

Sat [Chl-a] [mg m'3]

algorithm with the regional algorithm of
Pan et al. (2010)
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Validation of satellite size-specific [Chl-a]
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Validation of satellite size-specific [Chl-a]
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Validation of satellite size-specific [Chl-a]
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Absorption-based algorithms

Estimate the fractional contribution of PSCs based on changes in
phytoplankton absorption [a,,(2)]

0.08 )
T a,p, (4) = chlorophyll-normalized
g 0.06: phytoplankton absorption
= 0.04 .
< Smaller cells more efficient
;/go.oz b ight absorbers
S

0.00 1 - _arger cells less efficient
400 450 500 550 600 650 700 ight absorbers

wavelength (nm)
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Ciotti et al. (2002)

a;‘,h(/l) — [Fpico * plCO (/1)]

in situ
© o OC-CCI
Ciotti micro
— Ciotti pico

0]

(00 (1 0)

:
)

< 0.05 g
X

s

; :

400 500 600 700
Wavelength [nm]

[(1 o Fpico) * mlcro (/1)]

Satellite a,,, (1) calculated as
satellite a,,(1)/satellite [Chl-a]
Fyico cCOmputed by linear least
squares optimization using
published basis spectra at four
wavelengths (443, 490, 510,
555 nm)

F micro,nano = 1-F pico
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Mouw and Yoder (2010)

Employs an optical LUT containing
ranges of [Chl-a], a,,(443), and F,c,
from which R,.(1) was modeled using

the radiative transfer modeling software
HydroLight'

Ris(2) [sr]

Uses satellite [Chl-a] and a,,(443) as
input to narrow the search space of the
LUT, and the closest matching LUT
R..(1) to the satellite R, (A1) is found to
retrieve the corresponding F...,,

F, pico,nano — 1 = Fricro
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Validation of satellite a,,(2) a
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Validation of satellite size-specific [Chl-a]
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Validation of satellite size-specific [Chl-a]
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MY10 model performed with
similar error as the B-NES-SST
model, but with improved
correlation coefficients and
regression slope values
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Examples of r egiOnal imagery Black line indicates the 400 m isobath
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Comparison of B-NES-SST and MY10 imagery

B-NES-SS T . MY10 .

micro

April 2019

Black line indicates the
400 m isobath

September 2019
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Summary

Abundance-based model re-parameterization alone did not result in significant
improvement in performance in the NES compared with other models

The incorporation of SST into the re-parameterization of the B10 model did
improve PSC prediction accuracy

Absorption-based models showed comparable performance to abundance-
based models at estimating size-specific [Chl-a] in the NES

The regional B-NES-SST model is currently being integrated
into the Northeast U.S. implementation of the ATLANTIS
ecosystem model and incorporated into other NOAA
ecosystem-based fisheries management products
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Table 2. Summary of in situ data sources. N denotes the number of samples (after QA),
where the number in parentheses refers to the number of satellite match-ups. Citations

for the individual data sets from SeaBASS are also provided.

. . N, N, N,
Cruise/Experiment — P.1.(s) Year(s) Month(s) HPLC  am(i) aue(?)
Impacts of Climate Variability
on Primary Production and Feb
Carbon Distributions in the 2009- Ma J’un 424 182 153
Middle Atlantic Bight and Gulf 2012 Auy, NO\; (212) (101) (86)
of Maine (CliVEC) — Mannino 9
et al., 2009
NgAAME‘;‘]OSf f\}lerr':n'_\flon'tto”lng 2013, Feb, Aug, 71 24 14
(EcoMon) poannino etal, - a01g Nov @) (18)  (9)
Optical and Nutrient
Dependence of Quantum 26
Efficiency (OnDeque3) — Marra UL L] (15) 2 0
et al., 2008
Tara Oceans Expedition —
Boss et al., 2009 2012 Jan, Feb 2 0 0
East Coast Ocean Acidification 37
(ECOA-1) — Mannino et al., 2015 Jun, Jul (16) 0 0
2015
LOBO timeseries — Roesler,
5009 2009 Mar 6 0 0
Western Gulf of Maine — 2006- All 188 3 0
Moore, 2006 2009 months (68)
Ocean Color Cal Val (OCV) — 2007, 16
Hooker et al., 2005 o009 May,Nov 7 0 0
6 5 6
COASTAL (C7) — Hooker, 2000 2008 Oct 5) ) )
Delaware and Chesapeake
Bay Fluorescence — 2008 May 1 0 0
Chekalyuk, 2008
20090ct_Chesapeake — Gould, 7
5009 2009 Oct @) 0 0
BIOCOMPLEXITY — Harding, 2
2001 2003 Aug (1) 0 0
Totals: 786 214 173
' (368) (123) (99)

CIVEC (424)

EcoMon (71)

OnDeque3 (26)

Tara Oceans (2)

ECOA-1 (37)

Penobscot River LOBO (6)
UNH Gulf of Maine (188)
OCV (16)

C7 (6)

VIMS04-DCB1 (1)
NRL2009 (7)

MOVE0803 (2)



Table 3. Diagnostic pigments [P] and their associated taxonomic groups and attributed
size classes, along with weighting coefficients [ W] obtained from this study and previous
studies. The number of data points and geographical regions of each study are also

provided.
Primary Attributed : Weights [ W] :
Pigment [P] taxonomic size This U’tzl et Br f W/’” Br ?W/’”
roup(s class(es al. etal. etai.
group(s) (6S) study  opos) (20158) (2017)
Fucoxanthin : Micro/
(Py) Diatoms nano 2.20 1.41 1.51 1.65
Peridinin (Pz) Dinoflagellates Micro 1.08 1.41 1.35 1.04
19'-Hex (Ps) Prymnesiophytes Nano 0.86 1.27 0.95 0.78
19'-But (Ps) Pelagophytes Nano 3.63 0.35 0.85 1.19
Alloxanthin (Ps) Cryptophytes Nano -0.10 0.6 2.71 3.14
Total
chlorophyll-p  Frochlorophytes, i 459 401 127 1.38
Chlorophytes
(Ps)
Zeaxanthin (P;) rochlorophytes, o0 599 086 093  1.02

Cyanobacteria

Number of data points

Geographic region

786 2419 5841 2239

North

NES Global Global Atlantic




Table 4. Parameter values for the abundance-based models of Brewin et al. (2010) (Egs.
9 and 10) and Hirata et al. (2011) (Eqg. 16), obtained from this study and from previous

studies.
i Parameters for Equations (9) and (10
Study Geographic Years q 9) (10)
region Cmpico, nano Cmpico Dpico, nano Dpico
Brewin et al. )
(2010) Atlantic 1997-2004 - 1.06 0.11 0.90 0.73 -
Brewin et al.
(2015) Global 1992-2012 - 0.77 0.13 0.94 0.91 -
Brewinetal. \ atiantic  1995-2015 - 0.82 013 087 073 i
(2017)a
De‘(’;%ﬂ f)t al NW Atlantic  1996-2003 - 0.55 015  1.00  1.00 i
This Study NES 2003-2018 - 0.81 0.15 0.78 0.54 -
Parameters for Equation (16)
b 1,micro b2, micro b3, micro b 1,pico b2, pico b3, pico
Hirata et al.
(2011)p Global 1995-2008 0.91 2.73 0.40
Moore and )
Brown (2020)c Atlantic 1997-2014 0.82 -1.33 0.39 1.41 2.82 1.72
This Study NES 2003-2018 1.03 -1.68 -0.12 -3.45 0.67 2.29

a Refers to the SST-independent model from their study

b Hirata et al. (2011) used a different empirical formula to estimate picoplankton (Eq. 15; see their Table 2)
¢ Refers to coefficients derived using the DPA method [see Table 4 of Moore and Brown (2020)]



in situ parameterization set (N = 418)

in situ validation set (N = 368)

Parameter  Model
MAE 1) r MAE 1) r
B-NES 0.18(0.24) 0.01(0.11) 0.56(0.86) 0.19(0.25) 0.01(0.13) 0.44 (0.85)
H-NES 0.18(0.21) 0.00(0.10) 0.55(0.86) 0.19(0.25) 0.01(0.12) 0.46 (0.85)
B10 0.19(0.24) -0.08 (0.00) 0.56(0.86) 0.21(0.26) -0.08 (0.01) 0.44 (0.85)
Fricro B15 0.18 (0.24) -0.02(0.05) 0.56(0.86) 0.20(0.25) -0.04 (0.05) 0.45(0.85)
(Cricro) B17 0.18 (0.24) -0.02 (0.07) 0.56(0.86) 0.19(0.25) -0.02(0.08) 0.44 (0.85)
D11 0.19(0.24) 0.03(0.10) 0.55(0.86) 0.19(0.25) 0.02(0.09) 0.45(0.85)
H11 0.19 (0.25) -0.06 (-0.02) 0.56(0.86) 0.21 (0.25) -0.08 (-0.04) 0.44 (0.85)
MB20 0.19(0.24) -0.06 (0.04) 0.55(0.86) 0.20(0.25) -0.05(0.06) 0.45 (0.85)
B-NES 0.18(0.19) -0.01(0.06) 0.56(0.67) 0.19(0.20) -0.01(0.06) 0.44(0.72)
H-NES 0.18(0.19) -0.01(0.06) 0.55(0.67) 0.19(0.19) -0.01(0.07) 0.46(0.73)
B10 0.19(0.21) 0.08 (0.14) 0.56(0.67) 0.21(0.22) 0.08(0.14) 0.44(0.72)
Fpico,nano B15 0.18(0.20) 0.03(0.09) 0.56(0.66) 0.20(0.21) 0.04(0.10) 0.45(0.71)
(Cpico,nano) B17 0.18(0.19) 0.02(0.08) 0.56(0.66) 0.19(0.20) 0.02(0.09) 0.44(0.71)
D11 0.19(0.20) -0.03(0.01) 0.55(0.65) 0.19(0.20) -0.02(0.03) 0.45(0.70)
H11 0.19(0.22) 0.06(0.09) 0.56(0.47) 0.21(0.22) 0.08(0.12) 0.44(0.68)
MB20 0.19(0.20) 0.06 (0.14) 0.55(0.67) 0.20(0.20) 0.05(0.13) 0.45(0.73)
B-NES 0.15(0.24) 0.00(0.10) 0.37(0.66) 0.17(0.28) 0.01(0.13) 0.12(0.74)
H-NES 0.14(0.24) -0.01(0.10) 0.38(0.67) 0.16(0.28) 0.00(0.12) 0.16 (0.72)
B10 0.18(0.29) 0.12(0.25) 0.37(0.66) 0.21(0.32) 0.13(0.27) 0.20(0.74)
Frano B15 0.15(0.25) 0.05(0.16) 0.38(0.66) 0.17(0.29) 0.05(0.19) 0.20(0.74)
(Chano) B17 0.15(0.25) 0.04 (0.15) 0.37(0.66) 0.17(0.28) 0.04(0.18) 0.20(0.74)
D11 0.14 (0.24) -0.04 (0.02) 0.39(0.65) 0.16(0.26) -0.04 (0.05) 0.21(0.73)
H11 0.16 (0.26) 0.02(0.09) 0.36(0.55) 0.19(0.30) 0.04(0.15) 0.10(0.73)
MB20 0.17 (0.27) 0.07 (0.21) 0.26(0.67) 0.18(0.29) 0.06(0.21) 0.18 (0.74)
B-NES 0.08 (0.21) -0.01(0.05) 0.61(0.55) 0.10(0.22) -0.02(0.04) 0.63(0.54)
H-NES 0.07(0.21) 0.00(0.09) 0.67(0.53) 0.09(0.21) -0.01(0.07) 0.73(0.59)
B10 0.08 (0.25) -0.04(-0.10) 0.63(0.40) 0.10(0.25) -0.04(-0.08) 0.71(0.40)
B15 0.08 (0.24) -0.02(-0.04) 0.63(0.41) 0.10(0.24) -0.02(-0.01) 0.70(0.42)
Fico (Cpico) B17 0.08 (0.24) -0.02(-0.04) 0.63(0.43) 0.10(0.24) -0.02(-0.02) 0.70(0.43)
D11 0.09 (0.24) 0.01(0.03) 0.63(0.40) 0.10(0.24) 0.02(0.05) 0.71(0.40)
H11 0.09(0.25) 0.05(0.19) 0.62(0.52) 0.11(0.25) 0.04(0.17) 0.64(0.51)
MB20 0.08 (0.24) -0.01(-0.02) 0.63(0.34) 0.10(0.24) -0.01(0.01) 0.70(0.38)

Statistical metrics obtained when comparing
the in situ pigment-based estimates of Fg,,
and Cg;,, from the parameterization and
validation data sets with estimates from the
abundance-based models shown in Figure 7.
Statistical calculations were performed in
linear space for Fg;,, and logso Space for
Csize. Metrics for Cg;,. are shown in
parentheses.



Table 6. Mean absolute error (MAE) and correlation coefficients (r) for Fsize and Csize
(values for Csize shown in parentheses) for the SST-dependent abundance-based models
applied to the in situ parameterization and validation data sets. The percent change in the
metrics when incorporating SST relative to the SST-independent models is included for
reference. Percentages are rounded to the nearest 1%.

Parameter

Model

in situ parameterization set (N = 418)

in situ validation set (N = 368)

% change % change % change % change
MAE with SST r with SST MAE i sST r with SST
B-NES-SST 0.16 (0.21) -11(-13) 0.68(0.89) +21(+3) 0.17(0.24) -11(-4) 0.58(0.87) +32(+2)
(g';) B17-SST 0.19(0.23)  +6(-4) 054(0.87) -4(+1) 0.20(0.25) +5(0)  0.44(0.85) 0 (0)
MB20-SST 0.18 (0.23) -5 (-4) 059 (0.83) +7(3) 0.19(0.24) -5(-4) 0.49(0.86)  +9 (+1)
B-NES-SST 0.16 (0.17)  -11(-11)  0.68(0.75) +21 (+12) 0.17(0.18) -11(-10) 0.58(0.77)  +32 (+6)
(gf"’?"’”a"o) B17-SST  0.19(0.20) +5(+5) 0.54(0.59) -4(-11) 0.20(0.20) +5(0)  0.44(0.72) 0 (+1)
peonanel MB20-SST  0.18 (0.20) -5 (0) 0.59 (0.56) +7(-16) 0.19(0.19)  -5(-5)  0.49 (0.73) +9 (0)
B-NES-SST 0.13(0.21) -13(-13) 0.55(0.74) +49 (+12) 0.15(0.26) -12(-7) 0.39(0.79) +225 (+6)
(ga‘;) B17-SST  0.14 (0.24) -7 (-4) 044 (0.66) +19(0) 0.16(0.27) -6(-4)  0.29(0.75)  +45 (+1)
MB20-SST 0.16 (0.26) -6 (-4) 0.28(0.58) +8(-13) 0.16(0.27) -11(-7) 0.18(0.72) 0 (-3)
B-NES-SST 0.07 (0.19) -13(-10) 0.70 (0.64) +15(+16) 0.09(0.20) -10(-9) 0.73(0.62) +16 (+15)
Foico (Coico)) ~ B17-SST  0.08 (0.23) 0 (-4) 0.63 (0.46) 0 (+7) 0.09(0.23) -10(-4) 0.73(0.53)  +4 (+23)
MB20-SST 0.08(0.21)  0(-13)  0.67(0.53) +6(+56) 0.10(0.22) 0 (-8) 0.72(0.52)  +3(+37)




