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Yearly MWCIndex Scores By Region

Regio Eid 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
Admiralty Reach| 5 3 G 3 0 3 3 14 12 8 The MWC Index scorera nges from
Georgia Basin| 10 2 -7 1 g -9 T 16 -7 3 -50to +50 (100 points)
Grays Harbor-Ocean 4 2 3 5 b -10 -2 ] -1 1
Grays Harbor-River| -2 -8 -13 9 14 8 8 11 2 -3
S. Hood Canal[_9 0 | 10 [ b 0 [ 1 [ aa | 1| 1 4 *Good change, score >0, (green)
Central-South Basin| -6 -9 -5 4 1 -7 -1 7 0 1 _

Bellingham Bay| 6 13 | 10 6 2 12 | 4 7 9 0 *Unchanged, score =0, (yellow)
Sinclair Inlet|__6 5 | a2 3 [ 3 13 3 4 3 *Bad change, score <0, (red)
Oakland Bay| -8 5 1 3 3 1 6 0 3 1
South Sound| 0 5 4 3 0 8 12 9 6 B .

Elliott Bay| 3 14 9 2 3 B 5 4 5 B Explain:
Commencement Bay 0 -3 -1 7 -6 -8 -9 1 2 8
Whidbey Basin|_-9 1 2 8 7 9 14 3 3 2
Willapa Bay-Ocean| 10 K = 7 7 3 4 K 3 5 *What can change tell us?
Willapa Bay-Proper| -2 -8 7 -3 11 6 3 8 1 5 *Are change and water quality
Willapa Bay-River 0 -4 10 8 -2 5 7 -2 5 ,
Budd Inlet| 9 7 3 B 4 3 & 3 & 0 the same?

Where Do We Find Significant 10-Year Trend

Greater Puget Sound Coastal Bays Maps showing regions with

significant negative (red)or
positive (dark green) change in
iy T the MWCl score.

e To show a significant change
: specific to nutrients, we use a

subset of the MWC Index, the
-l Eutrophication Index
ne R (negative= positive= ).

MW(CI - YEARS 2004-2013

& "’\1 Regions covered by the MWCl are
5 Y in (blue), stations are indicated by
Pt = dots.

R Explain:

*What is a significant change?
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Are change and water quality the same?

The MWC Index is a complementary tool for reporting water quality

using national water quality standards.

The MWC Index measures change against pre-existing conditionsina

complex estuarine environment. We can tell whether a change affects
marine water quality positively or negatively by taking larger natural
oceanic influences and climatic variability into account.

Maps show if a change in the MWC Index occurs in a region of general
water quality concern. Red and orange depict regions that had
persistently water quality concerns in the last decade.
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What are pre-existing
conditions?

From 1999-2008 we established
a baseline in persistent water
quality gradients that we use to
sensitively track change.

Is the ranking scheme part of
the MWC Index?

No, it helps place part of the
MW(Cl into the context of pre-
existing and persistent patterns
of water quality.

Why is the MWCI not using
marine water quality
standards?

Standards are sparse and not
sensitive enough for the
estuarine complexity.

Where can | find information
on marine water quality

standards?

Water Quality Program Home
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m What can change tell us

e Estuaries have naturally large differences in marine water conditions and water quality. This
makes it challengingto apply one water quality criteria to a diverse system such as Puget Sound,
Willapa Bay, and Grays Harbor. Instead, the Detailed Reportsshow how conditions at each station
have changed relative to a historicsnapshotin time. The conditions between 1999 and 2008 are
not pristine, but provide an informed baseline to measure change because we have very good data
coverage, consistent methods, and information on larger oceanographicand climatic patterns.

e Asaresultthe MWClcan sensitively detect a change at each station. The challenge to account for
the large temporal and spatial variation within Washington’s marine water bodiesis thereby
creatively omitted.

e Totestif achangecontinues (trend)orfindsa new equilibrium we use test statistics.
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Significant Change

Natural conditions fluctuate from year to year, respondingto climatic and oceanographic
influences.

To have confidence in describing a continuing change (trend) we statistically testif yearlyindex
scores follow a trend over a 10-year window. To do so, we use non-parametrictest statistics using
the Spearman Rank Correlations (N=10, p=0.05).

When a significant change in marine conditions occurs, we focus the attention towards these
regions to focus the attention towards these trends. We present significant trends for the Marine
Water Condition Index (MW(CI) and the Eutrophication sub-indexon maps (click here).

You can read more about the focus of each module here.

8
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Reportingregions were grouped based on
similarity in water conditions

To provide a quantitative approach to selecting
reportingregions, we grouped stationsinto
statistically pre-determined groups. We based
station groups on multi-dimensional scaling
criteria using 16 variables (see Detailed Report
2011). The approach employed cluster analysis
(PRIMER) using 10-year monthly averages of
each variable.Some shallow stations grouped
closely. Wetherefore partially separated
shallow stations to achieve a better geographic
coherence.

Trend Details

Station clusters
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Variables

Reporting Regions

GYS5008
G¥S004
WPADD
WPADDE
WPADDS
WPADODT
WPADD3
GYS016
WPADD4
BLLOO®
SINCO1
BUDOOS
OAK004
ADMOO
ADMOOZ
HCBO04

NSQO02
CMBO03
ELBO01S
GRGO0Z
ADMOO3
EAPODM
GOROO1
PSB0O03

Reporting regions

Grays Harbor-River
Willapa Bay-River

Willapa Bay-Proper

Grays H.-Ocean
Willapa B.-Ocean
Bellingham B.-Shallow
Sinclair Inlet-Shallow
Bud Inlet-Shallow
Oakland Bay-Shallow

Admiralty Reach
Lynch Cove-Hood Canal

Whidbey Basin

South Sound-Deep

Com. Bay-Urban
Elliott Bay-Urban
Georgia Basin

Central and South Basin

Comm. Bay: Commencement Bay, Tacoma.
Central and South Basin: Central and South Basins of Puget Sound.
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Long-Term Marine Water Quality Monitoring Program  ==5c°.0%
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DEPARTMENT OF

Station Location:

Stationlocations were determined by integrating
three existingand recommended station networks:
existing Ecology sites, sitesrecommended in 1988by
the PugetSound Water Quality Authority —
Monitoring Management Committee (MMC, 1988),
and from historical stations surveyed by Collias, et al.
duringthe 1950s and 1960s. Our samplingstrategy
incorporates 3 types of stations:

Core Stations
Core stations are located in the center of distinct
hydrographicregions. These stations provide along-
termrecord of ambient water column conditions,
annual variability and changing marine water quality
conditions.

Rotational Stations
Rotational stations are sampled to augment
information collected from core station monitoring.
These additional stations allow more extensive
observation of specificregions and increase
geographiccoverage of the station network.

Seasonal Stations
Seasonal stations are selected occasionally based on
recommendations and data needs, and may be
movedto fill orimprove data records for other
sections of the monitoring program.
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Georgia Basin: Decreasing Tendency

MWCI EUl V A E I

Bellingham Bay: Decreasing Tendency

Click on regions for more information
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Key questions underlying the modules of the MWCI

Marine Water Condition

Index (MWCI) : . . . Eutrophu.:a!tlon Index:
. .. Are changes in ambient nutrients Have conditionschanged
Are physical conditionsand . _ o
. related to oceanic processes? to imply a shiftin
eutrophication jointly

o
changing water quality? eutrophication?

Enrichment
relative to ocean levels of

*Ammonium
*Phosphate
*Nitrate

Ambient

*Mitrate conc.
*Nitrate : DIN
*Phosphate conc.

Are nutrients changing
from historic baseline
conditions?

Are the nutrient balance
and algal biomass
changing from historic
baseline conditions?

*DIN : Phosphate
=Silicate : DIN
*Chl @ content

*DO content
*Thermal energy content
sEnergy to vertically mix water

Ventilation

P,
Aysical processe®

Do physical conditions affect the

availability of oxygen and renewal of
water?

Explore the trends of the MWCI modules by region
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Graphics of the time series of MWCI modules explained

Schematicreporting layer (absolute change from baseline)
Trend line of MWCI over

the last 10 vears Describingthe certainty Combiningtrends with Significant
. Y of long-termtrend geographicdifferences changesin
Its change is used to ) .
: in water quality .. modulesover
scalethearrow
: : 10 years
Central-South Basin: Significantly Decreasing
7 s
MWCI [SV]} V AEI
| 50 MWCI, PDO rs=10.68, p=0.05 EUI, PFEL rs=0.69, p=0.05 = PDQ, rs=-0.76, p=0.02
eIl T = g e . #0.. Ventilation module
Trendsin ots g s w .3 : .
Il ey £ 21 [PDO included in red]
Eutrophication Index = . s §
-~ (EUI, bar graph) ' t 3 < *
- \EUL, 3 > : :
z £ - Correlations with
ot T et e T climateindices
Eutroph|cat|on Eutrophlcatloprﬂlf::g;": R PDO, Upwelllng Index
Module & Trends o4 3 ° (PFEL, top of panels)
-Ambient | Eiii.. e =iei
*Enrichment 2> R ante| E® ! : .
: - ol & D o = Variable most lowering
O mEac 4n_NR NRNNRM N NPPP :Z MH N N MW N N P P NHP _452 -NP NP NP C NP C C.S.N.S.N.STQ ........ " |
60§§§§§§§§§§ -§Eg§§%§§§§ §EE2228¢238E&8 themOdU|e5C0re
T 7 Vime,rs=088,p=0 3 Tmfre=084p-0 _ ooommEmEas

Significant temporaltrends (bottom of panels)

Temporally reporting layer (change within 10 year time frame)



http://www.ecy.wa.gov/programs/eap/mar_wat/pdf/MWCI_Report_redirect.html

Overview Regional Trends Trend Details Variables Report A

Communicating the direction, intensity and confidence of trends

Color range on a horizontal bar represents the status of historic baseline
conditions in relative terms (ranks), lower O=red, higher 100= green.

Arrow length and direction are The arrow origin is placed into qualitative
proportional to the absolute change over context with other stations on a horizontal

the last ten years. It is calculated by a color bar. Stations are ranked between 0-
trend line through yearly MWCI scores 100

MWC Index Eutrophication Ventilation ~ Ambient  Enrichment  Impact
Index

Arrows ( ‘ 4 ) indicate significance and direction of trend, (- not significant)

back” by including statistical criteria for decision making
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Admiralty Reach: Significantly Improving . — Georgia Basin
4 .
MWCI  EU VWV A E | Bellingham Bay
MWCI, PDO rs=-0.73, p=0.02 PDO, rs=-0.84, p=0.01
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— MWCI: 11.3 points Y
o |
- — B Central Sound
- = =]
o - Q
g = : . .
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2 - 3
5 = =3 Hood Canal
fr = ]
e . .
g Sinclair Inlet
=
£ . _
TomessBa Elliott Bay
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MWC Index, Time, rs=0.79, p=0.01 Time, re=0.66, i Commencem_ Bay
Eutrophication Modules
P South Sound (deep)
50 50 50
40 | 40 - a0 - Budd Inlet
30 4 23 30 20 .
= 20 - 11 . w 2p - . 16 15 . — 20 - ) 13 . Oakland Bay
o o, oz e 10 - 2 3 = 10 - 3
= _.___,_,.-—""')- 7] = I p—
W 0 T T T T T T T E a E a L m—— ! ! ! '_ Grays Ha rbor Ocean
'E -10 - 2 7 0 S -10 - -3 g -10 - 1
< 20 - i = c 20 | a2 = 3p 10 i )
20 | 18 S SLI L w0l 3 “ Grays Harbor River
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- un [f=] - [x3] o = — ™~ m - un w - co o = - ™~ [az] - un w - co o = - ™~ (2]

MW Ci= Manne Water Condltion index, EL= Euvtrophication indsx, Ventilation (V] T=Heat content, D= DO content, P=-Fotential energy, PD0=Facrfic Decadal Oscillation, FFEL= Upweling
Euvtrophication Modwes  Ambient (A): N=NO3, P=P04, NR=NOZ/DIN, Ennchment (E): N=NQO3, P=PO4, NH=NH3, Impact (il. SN=S{OHDIN, C=Chl a, NF=DINFO4

Willapa Bay River

DEPARTMENT OF

4ecotov | ( Explain graphic )
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Georgia Basin: Decreasing Tendency Georgia Basin
MWCl EUI Bellingham Bay
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MW Ci= Manne Water Condltion index, EL= Euvtrophication indsx, Ventilation (V] T=Heat content, D= DO content, P=-Fotential energy, PD0=Facrfic Decadal Oscillation, FFEL= Upweling
Euvtrophication Modwes  Ambient (A): N=NO3, P=P04, NR=NOZ/DIN, Ennchment (E): N=NQO3, P=PO4, NH=NH3, Impact (il. SN=S{OHDIN, C=Chl a, NF=DINFO4

Willapa Bay River
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Grays Harbor-Ocean: Decreasing Tendency Georgia Basin
MWCI  EUl V A E | Bellingham Bay
Admiralty Reach
— MWCI: -5.5 points Y
=
- — B Central Sound
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H 2 z Whidbey Basin
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MW Ci= Manne Water Condltion index, EL= Euvtrophication indsx, Ventilation (V] T=Heat content, D= DO content, P=-Fotential energy, PD0=Facrfic Decadal Oscillation, FFEL= Upweling
Euvtrophication Modwes  Ambient (A): N=NO3, P=P04, NR=NOZ/DIN, Ennchment (E): N=NQO3, P=PO4, NH=NH3, Impact (il. SN=S{OHDIN, C=Chl a, NF=DINFO4

Willapa Bay River
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Grays Harbor-River: Improving Tendency - Georgia Basin
MWCl  EUl V A E | Bellingham Bay
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MW Ci= Manne Water Condltion index, EL= Euvtrophication indsx, Ventilation (V] T=Heat content, D= DO content, P=-Fotential energy, PD0=Facrfic Decadal Oscillation, FFEL= Upweling
Euvtrophication Modwes  Ambient (A): N=NO3, P=P04, NR=NOZ/DIN, Ennchment (E): N=NQO3, P=PO4, NH=NH3, Impact (il. SN=S{OHDIN, C=Chl a, NF=DINFO4

Willapa Bay River
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S. Hood Canal: Decreasing Tendency N <« Georgia Basin
MWCI  EUl V A E | Bellingham Bay
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MW Ci= Manne Water Condltion index, EL= Euvtrophication indsx, Ventilation (V] T=Heat content, D= DO content, P=-Fotential energy, PD0=Facrfic Decadal Oscillation, FFEL= Upweling
Euvtrophication Modwes  Ambient (A): N=NO3, P=P04, NR=NOZ/DIN, Ennchment (E): N=NQO3, P=PO4, NH=NH3, Impact (il. SN=S{OHDIN, C=Chl a, NF=DINFO4

Willapa Bay River
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Central-South Basin: Improving Tendency Georgia Basin
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Euvtrophication Modwes  Ambient (A): N=NO3, P=P04, NR=NOZ/DIN, Ennchment (E): N=NQO3, P=PO4, NH=NH3, Impact (il. SN=S{OHDIN, C=Chl a, NF=DINFO4

Willapa Bay River

DEPARTMENT OF

4ecotov | ( Explain graphic )



http://www.ecy.wa.gov/programs/eap/mar_wat/pdf/MWCI_Report_redirect.html

Overview Regional Trends Trend Details Variables Report A

Willapa Bay-Ocean: Significantly Decreasing N < Georgia Basin
MWCl  EUI Bellingham Bay
Admiralty Reach
— MWCI: -16.3 points Y
=
- — B Central Sound
— = =]
U - =1
g - : . .
H 2 z Whidbey Basin
= —
S = N Hood Canal
fr = ]
=l . .
= Sinclair Inlet
=
Elliott Bay
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
EUl, Time, rs=-0.72, p=0.05 Commencem. Bay
Eutrophication Modules
P South Sound (deep)
50 50 50
40 | 40 - a0 - Budd Inlet
30 20 4 . . 30 4
.E- 20 - 5 a 11 w20 . — 20 9 14 ] ) Oakland Bay
= 0=z 2 £ 10 \‘k‘i\ -‘E o
[ o 7]
o a T T T T |——-4—.___|____‘_|___-|___ E 0 T T T T T T y y m 0 - -
2 ] 0 = £ 0. . \‘M g . . . - Grays Harbor Ocean
-8 =] = -2 —_ -8
= -20 - -12 = -20 -20 -12 -12 .
30 | = e 22 30 | Grays Harbor River
40 - 4D -40 - .
g /M PNRP PNRNR P P N g INH N NH NNHP P N MNP cp IMP NP NP C SNSNSN C C C Willapa Bay Ocean
- un [f=] - [x3] o = — ™~ m - un w - co o = - ™~ [az] - un w - co o = - ™~ (2]
Time. ree0.81, 001 Willapa Bay Proper

MW Ci= Manne Water Condltion index, EL= Euvtrophication indsx, Ventilation (V] T=Heat content, D= DO content, P=-Fotential energy, PD0=Facrfic Decadal Oscillation, FFEL= Upweling
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MW Ci= Manne Water Condltion index, EL= Euvtrophication indsx, Ventilation (V] T=Heat content, D= DO content, P=-Fotential energy, PD0=Facrfic Decadal Oscillation, FFEL= Upweling
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Budd Inlet-Shallow: Improving Tendency Georgia Basin
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4 MOdUIeS Ambient Enrichment Impact Ventilation
3 Variables Nitrate Phosphate NO; : DIN Baseline

* *

Link to 10-year baseline

Activetabs are in bold

In this section you find heat maps that showthe monthly variability of twelve water variables
of the MWCI. We subtracted a time averaged (median) 10-year seasonal cycle (=site specific
baseline) from the data. This step effectively removes the seasonal cycle. The resulting de-

seasonalized data highlights the variability and trends around the baseline. Colorsred and
green emphasize theanomalies Download data and heat mapsin Excel.

Should the link not work type in:
http://www.ecy.wa.gov/programs/eap/mar_wat/pdf/data.zip
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Ambient: Are nutrient concentrations different from baseline conditions?
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Black indicates no anomaly, red indicates a positive anomaly, green indicates a negative anomaly, and gray indicates missing data.
Heat maps were calculated by subtracting baseline conditions from the dataset. The color range represents the percentiles of the
dataset: 25th percentile (green), 50th percentile (black), and 75th percentile (red).
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Ambient: Are nutrient concentrations different from baseline conditions?
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Black indicates no anomaly, red indicates a positive anomaly, green indicates a negative anomaly, and gray indicates missing data.
Heat maps were calculated by subtracting baseline conditions from the dataset. The color range represents the percentiles of the
dataset: 25th percentile (green), 50th percentile (black), and 75th percentile (red).
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Ambient: Are nutrient concentrations different from baseline conditions?

%‘ECOLOGY Am bient Enrichment Impact Ventilation
Nitrate Phosphate NO3 *DIN Baseline
Station 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
S GRGI2 1 Wil | 1 nmim i1 n
H P 1l | i1 | | i
rEm 1 il miil
o | | 1 n I II|
w
10 D
| A
s 0 T
T A
A SN0
T ELBME R
I CMBO03
i E
¥ 1 °
N
T I ©
|| u
; ! i
N 1 i s
il i E
M il il
A i1 11
|
P
il mn

Black indicates no anomaly, red indicates a positive anomaly, green indicates a negative anomaly, and gray indicates missing data.
Heat maps were calculated by subtracting baseline conditions from the dataset. The color range represents the percentiles of the
dataset: 25th percentile (green), 50th percentile (black), and 75th percentile (red).
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Enrichment: Are changes in nutrient concentrations related to the ocean?
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Black indicates no anomaly, red indicates a positive anomaly, green indicates a negative anomaly, and gray indicates missing data.
Heat maps were calculated by subtracting baseline conditions from the dataset. The color range represents the percentiles of the
dataset: 25th percentile (green), 50th percentile (black), and 75th percentile (red).
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Black indicates no anomaly, red indicates a positive anomaly, green indicates a negative anomaly, and gray indicates missing data.
Heat maps were calculated by subtracting baseline conditions from the dataset. The color range represents the percentiles of the
dataset: 25th percentile (green), 50th percentile (black), and 75th percentile (red)
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Heat maps were calculated by subtracting baseline conditions from the dataset. The color range represents the percentiles of the
dataset: 25th percentile (green), 50th percentile (black), and 75th percentile (red).
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Black indicates no anomaly, red indicates a positive anomaly, green indicates a negative anomaly, and gray indicates missing data.
Heat maps were calculated by subtracting baseline conditions from the dataset. The color range represents the percentiles of the

dataset: 25th percentile (green), 50th percentile (black), and 75th percentile (red).
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Black indicates no anomaly, red indicates a positive anomaly, green indicates a negative anomaly, and gray indicates missing data.
Heat maps were calculated by subtracting baseline conditions from the dataset. The color range represents the percentiles of the
dataset: 25th percentile (green), 50th percentile (black), and 75th percentile (red).
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Black indicates no anomaly, red indicates a positive anomaly, green indicates a negative anomaly, and gray indicates missing data.
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Heat maps were calculated by subtracting baseline conditions from the dataset. The color range represents the percentiles of the
dataset: 25th percentile (green), 50th percentile (black), and 75th percentile (red).
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Ventilation: Are physical conditions affecting the availability of oxygen?
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Black indicates no anomaly, red indicates a positive anomaly, green indicates a negative anomaly, and gray indicates missing data.
Heat maps were calculated by subtracting baseline conditions from the dataset. The color range represents the percentiles of the
dataset: 25th percentile (green), 50th percentile (black), and 75th percentile (red).
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Black indicates no anomaly, red indicates a positive anomaly, green indicates a negative anomaly, and gray indicates missing data.
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Heat maps were calculated by subtracting baseline conditions from the dataset. The color range represents the percentiles of the
dataset: 25th percentile (green), 50th percentile (black), and 75th percentile (red).
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Black indicates no anomaly, red indicates a positive anomaly, green indicates a negative anomaly, and gray indicates missing data.
Heat maps were calculated by subtracting baseline conditions from the dataset. The color range represents the percentiles of the
dataset: 25th percentile (green), 50th percentile (black), and 75th percentile (red).
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