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Satellite Turbidity at Selected Stations over Time
Monthly Turbidity Averages Oct 2010 — Mar 2016
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Main stem influenced

2010- 2013
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Small decrease or no change


Presenter
Presentation Notes
Given a general trend in decreased satellite turbidity across the bay over the last decade, we looked at what a 1km satellite grid cell might tell us about turbidity trends at specific key locations in the Choptank HFA.


Mean Oyster Biomass™ by Area from
Oyster Annual Fall Survey (AFS) over Time

Biomass Estimates using a *modified formula by NOAA (Fall 2009 - Fall 2016)

DOyster Biomass Estimates based on Annual Fall Survey Samples
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Presenter
Presentation Notes
AFS calculates biomass for 5cm length intervals and is a more accurate estimate of the given sample. NOAA only had the size class mean lengths for spat, small, and market and therefore provides a more generalized biomass estimate using the same formula (for determining grams dry tissue weight) as MD-DNR. See Jordan et al, 2002. 


Does oyster restoration improve water clarity?
Public interest in socioeconomic value of oyster restoration

Suspended Matter map, SAV density,
Oyster sample locations

[ r

e Use satellite total suspended matter
concentration (TSM) as an indicator
of water clarity (250m resolution)

e Compare with MD DNR Annual Fall
Survey oyster biomass

e Compare with VIMS aerial overflight
SAV coverage

e SAV has increased substantially in the
region over this time period

* Comparisons over 8 years: 2009-2016




Total Suspended Matter (TSM)
from Satellite

> Sediment concentration (mg/L) in surface
water (top 1m)

> TSM algorithm specifically developed by

NOAA for Chesapeake Bay (Ondrusek et June 24, |

al., 2012) 2013

> Once daily observation (from a single
satellite)

> Clouds cause missing data

> Provides spatial overview
> Detect spatial patterns

> Monitor change over time
> 250 m spatial resolution

> Data from NASA’s Aqua satellite, MODIS

instrument June 26,
2013

Total Suspended Matter (mg/L)
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TSM Over Time:

TSM annual trend for each satellite grid cell, 2009-2017

SIOpe (mg/L / year)
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TSM Trend Analysis (2009-2017)
Linear Regression Model
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Presentation Notes
Slope:  mg/L / year


TSM Over Time:
TSM annual trend for each satellite grid cell, 2009-2017

Slope
. no® \ by
Harris Creek- Change Bar |
= m &
10 W Harris. o - .'
-0.531677 mg/L / year Creek qr
g > \ | o!
Iﬂ | ! 4

'/

fed
&}

-]

2009 2010 2011 2012 2013 2014 2015 2016 =
e TS50 val Linear [TSM_val)
Single grid cell annual trend at AFS sample location (blue circle) on Change Bar oyster restoration site.

Perimeter grid cells have a high amount of variability.
Spatial aggregations of grid cells with consistently high slopes might suggest real TSM decrease.
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Presentation Notes
Note that commercial harvest ceased in 2010
Other AFS sampling locations (red circles)


TSM Over Time:
TSM annual trend for each satellite grid cell, 2009-2017

Slope Standard Error (SE) measure of how well points fit on TSM/yr line
B ; IM Trend Analysis (2009- 2017)5,.%
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Individual Temporal Trend Plots
(2009-2016, stronger relationships)

Harris Creek Change Bar
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Individual Temporal Trend Plots
(2009-2016, relationships are unclear)

Little Choptank River- McKeils Point
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TSM (mg/L)

TSM and Oyster Biomass Relative to Oyster Fishery
Management Regime

TSM- Satellite Oyster Biomass-AFS
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Pairwise comparison (Tukey): different letters have different mean values
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Presentation Notes
So given the observed trends in TSM and Oyster abundance we merged the satellite and AFS oyster data together.
Binned TSM and Biomass into fishery management categories 1) Open/public Fishery areas 2) Sanctuaries closed to the public fishery 2010-2016 and 3) Restoration sanctuaries that reflect activity in Harris Creek and Little Choptank 2012-2016
Found that TSM was significantly lower in restored sanctuaries than public areas and unrestored sanctuaries
Found that oyster biomass was significantly greater in restored sanctuaries than public areas and unrestored sanctuaries  


TSM (mg/L)

Is there a relationship between TSM and Oyster
Biomass?

Analysis of Covariance for RASTERVALU * Slmple regr955|0n: TSM = |Og_b|0maSS
5 e 13 Trib sites (blue)
20 °  Slope=-0.49, p <0.0001
e n=601

e 12=0.04 (4% of TSM variation is
explained by oyster biomass)

e Non-trib sites (red)
e Slope=-0.17, p <0.0024
e n=1468

e r2=0.0006 (0.06% of TSM variation
explained by oyster biomass)

15

10

e ANCOVA: the two slope parameters are
significantly different (p=0.0052)

Log oyster biomass (g tissue dry weight)
—— 13 =— All Other
Tribs Sites
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Presentation Notes
TSM satellite grid cell value at AFS oyster sample locations.  Oyster biomass zero values removed.  TSM values of “1” removed (“1” = no TSM data at oyster sample location).



Is there a relationship between TSM and SAV coverage?

Fit Plot for RASTERVALU

° e 13 Trib sites (blue)
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What Other Factors contribute to TSM variability?

s ey sl General Linear Model (GLM) analysis:
IR st I Evaluate TSM against Time, Location, Oyster

Analyses since 03/07/2018 Meeting

Biomass, SAV

The GLM Procedure

Source DF Sum of Squares Mean Square F Value Pr=F
Model 13 1744765004  134.212693 4445 <0001
Error 556 1678791999 3.019410 o
Comected Total 569 3423567003 Sum of Squares statistics(SS)
R-Square Coeff Var | Root MSE RASTERVALU Mean
e Wl Wb ki Type 111 SS: Considers all independent variables
Source DF Typel SS Mean Square F Value Pr=F together
LOG_Sav_val 1 168.055724  168.055724  55.66 <.0001 . . .
— - When all variables are in the model TSM varies
log_biomass 1 49893136 49893136 16.52 < 0001 . . . .
Zonon 13 10 1510664876 151066488  50.03 <0001 significantly only with Location (Zones_13) and Year
Year 1 16.151268  16.151268 535 0.0211 (p values < ()'()5)
Source DF Type lll S5  Mean Square F Value Pr>F
LOG_Sav val pct 1  0.876608 0.876608  0.29 0.5902
log_biomass 1 1.767920 1.767920

Zones_13 10 1514.976069 151.497607
Year 1 16.151268 16.151268




What Other Factors contribute to TSM variability: Location

Q: Does TSM vary relative to location?

Model: Rastervalu = location Slngle Term GI_IVI: Locat|0n Only

Zone_13 Only
Remove oyster biomass < 1 values
Analyses since 03/07/2018 Meeting

The GLM Procedure

R2 — Location (Zones_13) explains 51% of

Source DF Sum of Squares Mean Square F Value Pr=F . g .
the variation in TSM

Model 1" 1802 444453 163.858587 5627 | <0001

Error 589 1715.253592 2912145

Corrected Total 600 3517.698045

Var Root MSE | RASTERVALU Mean
199 1.706501 7.8488T1

R-Square | Cod
0.512393 | 21.7]

Source Type | 55 | Mean Square F Value Pr=F

Zones 13 11 1802 444453 163.858587 56.27 <.0001

Source DF Typelll 55 Mean Square F Value Pr>F
Zones 13 11| 1802 444453 163.858587 5627 < 0001
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Presentation Notes
These plots were put together to determine whether the pattern of TSM and location was inverse to spatial patterns for Biomass or SAV.
This shows that locations with highest TSM generally have low oyster Biomass and SAV.
However, for locations that have low TSM, variability in Biomass and SAV is high both within and among locations




Summary

e Satellites are a good method of observing large-scale spatial and temporal
patterns in water clarity

e Recent Oyster Biomass and SAV trends are improving over time (AFS & VIMS survey)

e Temporal TSM trend suggests a water quality improvement in Harris and Broad
Creeks, and some parts of Tangier Sound, but no cause is implied

e TSM values are significantly higher on Public areas than Restored Sanctuary
Management Areas. Inverse relationship for oyster biomass

e TSM decreases significantly with increased Oyster Biomass and increased SAV

e Oyster Biomass explains 4% of TSM variability; SAV explains 5% of TSM variability;
unknown Location effects explain 51% of TSM variability



Next Steps?

e Examine additional location effects: land use, precipitation, basin
morphology, wind vs. water depth, bay circulation patterns

* Explore using oyster abundance datasets other than AFS that are increasingly
becoming available from Sanctuary and Restoration monitoring efforts

e AFS may not do a great job of quantifying oyster biomass (length converted to biomass
may introduce error)

e Revisit the TSM/oyster relationship in a few years when restored reefs are
mature and restoration is complete



Backup Slides



Question: What is the relationship between Oyster
Biomass and TSM for Study Sites?

Fit Plot for RASTERWALL
Q: Does TSM vary relative oyster biomass? =
Model: Rastervalu = log_biomass i
Zone_13 Only |
o =]
Remove oyster biomass < 1 values o o
Analyses since 03/07/2018 Meeting 8 2 s 2
(=] -
The GLM Procedure o o of 0B o0 oo e g
= & o go Bop @ : :.ldgbm 8% o8 2, o ﬂ'r_.._-s -
T 0% & -] I 2 fl'-“x' wﬁa '%-5' =t
a e —— B0 g D I'ﬁ'-" Q_E, 8 o
i T—t t%q::, @ , {ﬁ:ﬂa a
Source DF  Sum of Squares Mean Square F Valug Pr>F IE-'l'-' . e, ;:ﬁ - ;_,P = é_?;% i ﬁ'a:',& _";_‘C‘__
Madel 1 136335266 136335268 24.15 <0001 o .y TR f;g o2 o olbn o B P e
-] e %p e T D >
Error 595 J381.362TTT 5645013 5 % ®pos o ¥ o Q o, o
o & o o a0 8#.'- u ‘ﬁ"l & L=
Correctad Total 600 3517 698045 a = . el -
o “ g 2@
L2+ ] o
R.Square Coeff Var Root MSE RASTERVALU Mean e
&
0038757 3027090 237504 784881 0
3 4 5 &
Souree DF Type | 55 Mean Square | F Value Pr>F fog_tiomass
log_blomass | 1 136 3352676 136 3352676 24,15 | < 0001 Fit O 95% Confidance Limis 85% Pradiction Lemits

Source DF Typelll 55 Mean Square F Valuve  Pr>F
log_biomass | 1 136.3352676  136.3352676 2415 <0001

Removed oyster biomass values that =0

TSM declines significantly with Biomass (oyster)

Slope =-0.499

Biomass explains ~4% of the variability in TSM (r?)

Slope parameters (-0.413,-0.499) and r? (0.054, 0.039) are
similar for the SAV and Biomass models respectively

Parameater Estimate Standard Ercor t Value Pr> i
Intercept 10. 15550521 047926256 2119 < D001
leg_blomass -0 49545545 010163279 -4 91 < D001



Question: Is there a relationship between Oyster and SAV?

Q: Does SAV vary relative oyster blomass? Fit Plot for LOG_Sav_val_pet
Model: LOG_Sav_val_pct = log_biomass
Zone_13 Only
Remove oyster biomass < 1 values o o ooo pnme s THea o
4 o o o3 @ o Do @
Analyses since 03/07/2018 Meeting Po e “EFE S rWETH
o a a o & o B
The GLM Procedura .8 " @ f a :1% = a‘!f&. _-'\:'g ,___"'
o Cr nﬁwww W ¥ (= A =
:__:I 2 .:. nd__n-—ﬂ_'m_m o 0D
Source DF Sum of Squares Mean Square | F Value PrsF HI a0 'J ooe el o Moo aa
i o Ef pilfas %
Model 1 61614405 61614405  34.86 <0001 5 2 5 “%’ (éﬂ e mSoQ o
Error 568 1004050720 1767711 = == o Sooogs bs"eo 3
B L -‘.é'i'}w o TMW‘HE& = e

Comrected Total 569 1065 674125

R-Square Coefl Var Root MSE LOG_Sav_val_pet Mean

0.05TE17 | 8461724 1.329553 1571255 =
Source OF Typel 55 Mean Square F Value Pr>F L] i 5 & T
log biomass 1 6161440477 6161440477  34.86 <0001 *g_blemass
Fil 0 3% ConBdsncd Lamels 95% Pradichon Limits

Source DF | Type Il 55 Mean Square F Value Pr>F
log_biomass 1 6161440477 6161840477 3456 <0001

Parametar Estimate Standard Eror t Value Pr> |t - Removed oyster biomass values that =0

D bkl I e Bl bl - SAV increases significantly with Biomass (oyster)

log_blomass | 03519739405  0.05961766 590 <0001 g| _

' - ope = +0.35

- Biomass explains 6% of the variability in SAV



Question: If Management type is significant, and we’re
managing for oysters, does relationship between TSM
and oyster biomass vary by managment type?

ANCOVA Q: Does the relationship between TSM and oyster vary relative to Management levels(Other/Sanctuary/Sanctuary_Resto Source DF | Typelll 5 Mean Square | F Value  Pr>F
Model: Rastervalu = Log_Biomass + rr:lanagement + Log_Biomass*Management log_blomass 1| 4834592796 48 34692796 859 00035

Managment is the Co-variate -

Remove oyster biomass < 1 values Management 21 14.03701166  7.01850583 1.25 0.2882

Remove TSM =1 log_bioma*Management 2 1449712245 724856122 129 0.2767

03/07/2018 Analyses
The GLM Procedure
e Analysis of Covariance for RASTERVALU
L]
Source DF | Sum of Squares | Mean Square F Value Pr=F o
Model 5 168.132802 33.626560 597 <0001 5
Error 595 3349.565243 5629521 - ] @
Corrected Total | 600 3517.695045 "'““--
R-Square | Coeff Var Root MSE | RASTERVALU Mean o T o af
0.047796 | 3022933 2.372661 7.848871 OO o go 083 @%‘-
oo o ] o]
Source DF Type | SS | Mean Square | F Value | Pr>F - ____ _____:_ B —0—9 “ 9
log_biomass 1 136.3352676 | 136.3352676 | 24.22 <0001 (% o o
Lol
Management 2 17.3004118 5.6502059 154 0.2160 - o o o fe)
o
log_bioma*Management | 2 14.4571224 7.2485612 1.29 | 0.2767 @ a
5 o
Lo}

 ANCOVA Results: A significant relationship exists
between TSM and biomass but it is not affected by 0

management regimen. 2 - - .
Log oyster biomass

Public Sanctuary (Non-Restored) Sanctuary (Restored)




Data Distribution by Area- “13 Tribs”

Distribution of TSM by 13 Tributary Sites Lowest TSM values:
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Satellite TSM Seasonal Averages, 2009-2015

Summer | - Winter

6 8 10 12 14 16 18 20
Total Suspended Matter (mg/L)




TSM Over Time:
TSM annual trend for each satellite grid cell, 2009-2017

R-Squared

TSM Trend Analysis (2009-20 £
Linear Regression Model %

3L

[ Boundares for Analysis .

TSM Annual Trend (sans 2011) TSM Annual Trend (sans 2011)

R-squared R-squared

I 0-0.099 I 0-0.099
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gh R"2 suggests a water quality

improvement but with no cause implied. Some areas of Tangier Sound also show this (but not Fishing Bay).



How a satellite instrument measures the earth

surface
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Algorithm Description

Ondrusek et al., 2012, Remote Sensing of Environment
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Satellite TSM Accuracy

Chesapeake Bay Program in-water TN sampleswerespatially &
temporally matchedto satellte TEM values at single pixels, Bay-wide

forone year: 2009
[Ondrusek etal.,, 2012, Remote Sensing of Environment)

Sntedlte TSM (mg1)

100

s & & B

=

Satellite TSM vs Meas. TSM

o g 40 50 30 100

Aeasmed TSM (mg 1)

=] a1

« CBPTSM

Bias(mg/L): -1.82443
RMSE (mg/L): 6£.93795
Mean Rel Diff. -4 2%
Mean Rel Abs Diif: 36%
M 241

TSM values <20 mg/L are more accurate than values >20 mg/L
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