Quantifying the impacts of past and future climate and eutrophication on the
dynamics of dissolved oxygen in the shallow waters of Chesapeake Bay
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Shallow Water Oxygen o
Is a Challenging Problem 0.
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Schematic of Analysis Design
High-Frequency Oxygen Observations
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Hourglass Approach
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CART to Discern Key Variables Driving Residual DO

Example: Regression Tree for DO residual (mg/L) at Little Monie Creek

N =208
Mean = 0.00168962
Std. dev. = 1.43902 At high temp, lower DO

WaterT < 20.839! aterT »= 20.8395

N =148
Mean = -0.610004
Std. dev. = 0.953827

N = &0
Mean = 1.51053
Std. dev. = 1.32089

At low salinity,
WaterT < 13.9138 aterT == 13.9138 IOWe r DO

Salt < 10.8207 alt »= 10.8207

N =103

M=16 M =44 M =45
Mean = 3.17382 Mean = 0.905703 Mean = -1.73516 Mean = -0.118431
Std. dev. = 0.988776 Std. dev. = 0.805713 Sid. dev. = 0.714183 Std. dev. = 0.537218

AR >= 343.601

vg3dChla = 7.28351 Salt < 9.50443 siSalt = 9.50443 PAR < 343.601

avg3dChla < 20.9811 vg3Chla >= 20.88¢3Chla < 7.28351

Chla = 20.3146 hla >= 20.3146 08985 avg3dChla < 7.55 vg3ChlaegdChi < 13.0757 wgdChla >= 1340F871.5718

prelPAR < 202192 SoprelPAR »= 202.‘19% 05 056198

0.90355 1.657 -1.7987 -2.34 -0.4888 0.036291 0.80192

2.2622 3.2032

alt == 11.5718

0.072823



Legend

Application of CART Across Stations » pem
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Most important predictor, by station
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e Diversity of Important variables
* Specific clusters
* Wind in upper mainstem
* Precipitation in lower Bay ES
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Time Series of sites with wind as MIP
How does wind impact DO?

Wind Station No.
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Primary Hypothesis: Wind coming from
the north generates Ekman
transport/counter-clock lateral
circulation (looking upstream), which
brings relatively salty water from the
eastern shore to the western shore sites

Alternatives for lower do residual: (a)
Wind transports upstream organic
matter downstream. (b) Air-sea
exchange (min and max ~100%
saturation)
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Under strong North Wind, Chlorophyll-a
declines and turbidity increases = lower DO

=) ) —_
=)
i
S >
=l g
= ©
S 3
3 _
&
= =%
=) —_
- S
S =3
=l g
=
=
Z N
= 8
— o
0
(0]

09/01 09/06 09/11 09/16 09/21 09/26 10/01
Month in 2009



n
o
o

Raw DO SAT
o
o

DO Residual SAT 30d
8 o

A
=}

&
3

Wind

9

8

Salinity

Turbidity (log10)

~
T

[——Min
~—— Max
T Variation

N Wind>6.49
I \Vind<6.49

1

L L
T T
Water
WalerT<27.02
——— Precip.
i I I I a i I I 4.0.08

10m/s

el Ml conty,_

0 . " .
05/01 05/06 05/11 05/16 05/21

Month in 2009

‘
° o ° °
= g 2
5] (%]

S
o
Precip. Deviation (in/h)

— 24
N — 12
77/ \\ '/ \/\\\ .
2 / i 120 £
\ 1 Q)
/ &
. 5
18 &
\Y \/ g

. g
05/26 05/31

Primary Hypothesis: Wind from the south
leads to the opposite effect: clockwise
lateral circulation and upwelling in the
western shore, which leads to salinity
increase and higher DO SAT, due to mixing
of nutrients to support blooms.
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How does precipitation effect DO?
Eastern shore cluster with precipitation as MIP
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Precip. Cluster Split value of Mean DOSAT Mean DOSAT
Station No. Precip. (cm/day) above below
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DO Residual SAT 30d

DOSAT is sensitive to precipitation change.

Precipitation divides positive/negative DO SAT.
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Primary Hypothesis: High precipitation
events deliver nutrients into the rivers, leads
to phytoplankton growth with increased
Chla, then more respiration consumes DO,
which eventually lead to low DO SAT.
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CART to Explain Hypoxia
Duration in Shallow Waters

Duration of hypoxia
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~Half of the MD stations experienced moderate hypoxia, DO < 3.2 mg/L
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Water Temp. is dominant at most stations except
some upper bay/river stations.

40 | MIP flor Hyppma

Precip
Wind
WaterT
Salt

PAR
avg3Chla
® Turb

39.5

x p O =+

39

<

38.5

LAT

38

37.5

37

36.5
(75 -77 -7165 -76 -755 -75

LON



CART for hypoxia (<4.8 mg/L)

Water Temp. is the most important controller.
The 2"9 and 3@ MIP are salinity and PAR for hypoxia.
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No. of Stations

As expected, higher water temp. leads to stronger
hypoxia. Lower Chla connects with stronger hypoxia.

Correlation with hypoxia
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Conclusions to Date

* Diversity of controls on oxygen variability, regional similarities in controls
 Climate-relevant variables are key drivers of oxygen and hypoxia (Temp, precip)

* Chlorophyll-a effect may be both positive and negative for DO
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