2021 Tidal Trends Summary

STAR, Nov. 17, 2022

Rebecca Murphy
University of Maryland Center for Environmental Science,
Chesapeake Bay Program Office

With results generated by: Mukhtar Ibrahim (MWCOG), Renee Karrh (MDDNR)
and Mike Lane (ODU)

Baytrendsmap development by: Erik Leppo and Jon Harcum (Tetra Tech)
Data from: DOEE, MDDNR, and VADEQ



Chesapeake Bay
Tidal Trends Stations
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Extensive long-term coordinated
tidal monitoring

* MDDNR, VADEQ, DOEE and others have been
sampling at 150+ stations since the 1980s 1-2
times/month

* Nutrients, chlorophyll-a, dissolved oxygen,
Secchi depth, salinity, temperature, and other
parameters at multiple depths

* Long-standing coordinated effort to analyze
trends in these data between the partners




Annual tidal trends
change production
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Annual tidal trend results

* Multiple parameters at every station:
* Nutrients: Total Nitrogen, Dissolved Inorganic Nitrogen, Total Phosphorus, Orthophosphate
* Secchi Depth, Chlorophyll a, Dissolved Oxygen, Total Suspended Solids
* Temperature

* Capture the spatial and temporal dynamics:
e Surface & bottom
* Observed conditions & flow-adjusted

* Post-process analysis possible for time periods and seasons:
* Long-term (ideally 1985-present)
* Short-term (last 10 years)
* Spring & summer chlorophyll-a, summer bottom DO




New this year: Addition of
Washington D.C. tidal trends

Team effort:

o Efeturi Oghenekaro, Blessing Edje and George Onyullo from
DOEE

o Mukhtar Ibrahim and Karl Berger from MWCOG
o Breck Sullivan, Alex Gunnerson, and myself from CBP

Parameters & time periods for 18 stations
> Annual Secchi depth

o

Spring & summer, surface Chlorophyll a

o

Summer surface DO
Annual surface TSS & PO4
Annual surface DIN — for graphs only

o

o

Flow adjustment: Used either Potomac USGS gage or NE Branch
Anacostia

Washington D.C. tidal trend
monitoring stations
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Washington D.C. stations

Chesapeake Bay Surface TSS: e
1999-2021 flow-adjusted change ...
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Results are presented on the applicable maps for
this year

Future work could include:
o Additional parameters,

o Analysis of the results with the team, and

Inclusion in Potomac Tributary Report during next
revision.
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Annual tidal trend results

* Multiple parameters at every station:
* Nutrient$Jotal Nitrogen Dissolved Inorganic Nitrogen, Total Phosphorus, Orthophosphate

«CSecchi Depth, Ghlorophyll a, Dissolved Oxygen)Total Suspended Solids
“Cemperature >

* Capture the spatial and temporal dynamics:
e Surface & bottom
* Observed conditions & flow-adjusted

* Post-process analysis possible for time periods and seasons:
* Long-term (ideally 1985-present)
* Short-term (last 10 years)
* Spring & summer chlorophyll-a, summer bottom DO




Total Nitrogen
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Chesapeake Bay Surface Total Nitrogen: | -, -
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Chesapeake Bay Surface Total Nitrogen: | -, -
2021 long-term flow-adjusted change* . ...
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- Surface TN flow-adjusted
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* Total nutrients (TN and TP) are decreasing over the long-
term at most the tidal stations.

e Over short-term, concentration at some stations have
plateaued or started to increase.
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- Surface TN flow-adjusted
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* Total nutrients (TN and TP) are decreasing over the long-
term at most the tidal stations.
e Over short-term, concentration at some stations have
plateaued or started to increase.
* With these type of results, we use our baytrendmap tool
to explore the results:
https://baytrends.chesapeakebay.net/baytrendsmap/
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Secchi depth

Chesapeake Bay Secchi depth: (‘ ~
2021 long-term flow-adjusted change* ...
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Secchi depth

Chesapeake Bay Secchi depth:
2012-2021 flow-adjusted change -
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Secchi depth
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Surface Water Temperature




Surface Water Temperature

Chesapeake Bay Surface Water Temperature: | - -
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Surface Water Temperature

Chesapeake Bay Surface Water Temperature: Q ~
2012-2021 change

Readily available outputs for temperature:

e Surface and bottom changes by station.
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Surface Water Temperature

Chesapeake Bay Surface Water Temperature:
2021 long-term change*
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Readily available outputs for temperature:
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e Surface and bottom changes by station.
* Graphs of the long-term patterns.
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Surface Water Temperature

Chesapeake Bay Surface Water Temperature:
2021 long-term change*
Susquehanna
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Readily available outputs for temperature:

e Surface and bottom changes by station
Graphs of the long-term patterns.

e Current (last 2 years) and mid-1980s average

temperatures by station.
With just a few more steps:
* Any of this info by season or month.
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Summer Bottom Dissolved Oxygen




Bottom Summer DO

* Bottom DO varies greatly by depth, and
hence by station

Map from: https://baytrends.chesapeakebay.net/baytrendsmap/

Susquehanna

Bottom 2019- 1,-. A
2020 DO averages @ 6.

@ (200 O 24 O (63

Current mean

O 02 O 45 @ 810



BOttO m S ummer DO Chesapeake Bay Bottom Dissolved Oxygen: £\/

June-Sept 2012-2021 change -

Susquehanna
Chesapeake Bay Bottom Dissolved Oxygen: | o Jun-Sep Bottom DO observed o.® L
June-Sept 2021 long-term change* — S i P %
Susquehanna O long-term N o TU@
PR @ short-term ” =
he
% AU b & Wi ¢
V’ @ T * ~ O.
v Y e 5 D of
/ \ (7 T 2 , Patuxent@ | @ \
@ » ol 3 Joy: &
Yﬁ o o oo %\ Choptank
e )
Patuxent@y /iYW , 5 o _| . ) e ¢
*% o AJ & *@ ¥ L /
L : d o) Potomac \V4 A @
*¢ v Choptank o ¢ T ® P
» * sV . »— 8 N % e N fheF
- @ R . o | : 0 AT
X ! 60 * ¢ N *.® \ % & ¢
PotomaC™ Y : b ‘® o . AT
Ao Wiy el 2 P PRGN S s ST
@ A b A W & ) Rappahannock ; S fg *
*V N N ‘W’ 0 e Y o - A : 3 @ By 2 " .
v s . % % e o 2g<?, X Type of trend
'Y : Ny o [ ne improving no change degrading £ : _Significant (p<0.05)
Rappahannock 3 F . } _
- & N . @ v " VQ ¥ o o @ V' Decrease >50%
5 Tt - " v o " Type of trend y T3 gL & ¢ o ¢ V' Decrease 0-50%
< e ' Significant (p<0.05) _ Yen e T O @e A A Increase 0-50%
" Y. Ko o Vg VW Decrease >50% 3 james ¢ York o ’ s A Increase >50%
g & @ o V Decrease 0-50% L ¥) @ Y g e eer Possible (0.05<p<0.25)
: Ny Ae = /A Increase 0-50% PR ® O . Q : @ Decrease
A e York e A o | A Increase >50% : oo 0: * o @ Increase
Y) e, ¥ % 4 & @Y Possible (0.05<p<0.25) { , &) ¢ Unlikely (p>0.25)
e ) : - Data are from MDDNR and VADEQ. v A ¢
s & A ‘ v 2 A 2 O Decrease Trends were computed using GAM
! b ”‘ @ " O method in partnership between } O * *® o @
@, A * 2 Increase MDDNR, VADEQ, ODU, and CBP. ‘ ; ‘9 N o 25 50
T ¢  Unlikely (p>0.25) Disclaimer: s 5 A —Kiometers
Data are from MDDNR and VADEQ. O @ http://www.chesapeakebay.net/terms| { romelgrs
Trends were computed using GAM 3 § Y
method in partnership between A .A A @®
MDDNR, VADEQ, ODU, and CBP. ’ = ‘f N o 25 50
Disclaimer: ’5)-‘ ~% A W
http://www.chesapeakebay.net/terms A’ )
T *start dates vary: MD stations 1985 or 1986,
VA mostly 1985 except Elizabeth River 1989.




Bottom Summer DO

Chesapeake Bay Bottom Dissolved Oxygen: | —, -
June-Sept 2021 long-term change*
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2021 Summary

Surface TN flow-adjusted

Surface TP flow-adjusted
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baytrendsmap app: Web tool to map the trends,
current concentrations, and zoom in on regions

A C C e S S https://baytrends.chesapeakebay.net/baytrendsmap/

View Tidal Trends

ITAT we b page : Basic Functions  Select data and map options
Stat i C m a pS a n d S u m m a ry d O C u m e n t Range Map, Interactive Range Map, Static Change Map

1. Choose Data
httpSI//WWW.Chesa pea kEbay.net/WhO/gFOUp/ Choose file to load & Save Change Basic Map

integrated_trends_analysis_team ® Norlinear Trend (Long Temn)

O Non-linear Trend (Short Term) Dissolved Oxygen [mg/L]

O Non-linear Trend with Flow Adjustment (Long Term) GAM: Non-Linear Trend
\ Chesa peake Bay Program O Non-linear Trend with Flow Adjustment (Short Term) ',;.:’;Zf?:,}f?s,iud
\/ . . ! Season: Jun-Sep
Science. Restoration. Partnership.
_ 2. Choose Map Layer (parameter|layer|season) .
usquehanna
nthe lssues  State of th peake  TakeAction  IntheN ) Filters % dio

Filter by 'Map Layer'

| nteg rated Trends Analy5is Team Select mapLayer:
Maps of 2020 Tidal Water Quality Change
- 2020 (267 M) DO|Bottom|Jun-Sep e

Tigal Water Ch,

Maps of 2021 Tidal Water Quality Change

The Chesapeake Bay Program (CBP], Maryland Department of Natural Resources (MDDNR), Virginia
Department of Environmental Quality (VADEQ), Old Dominicn University (ODU), District of Columbia

Department of Energy and the Environment (DC DOEE), and Metropolitan Washington Council of 3 Map Options
Governments (MWCOG) collaborate annually to produce bay-wide summaries of water guality trends in

the tidal waters. These annual estimates at more than 150 stations for nutnents, dissolved cxygen, Secchi 3.a. Range Map Oplions

depth. chlorophyll 2 and other parameters help gauge the health of the bay and identify changes due to

management actions and climate. Additional tools are available to explore the tidal trends results Color Palette (Range Map Only)

including baytrendsmap and the Watershed Data Dashboard. Tidal page.

Select palette:
1. Long-Term Change

Observed change in water quality by station from the beginning of the pericd te 2021. The beginning of Purple_QCrange -
the pericd vanies for stations but is indicated in the bottom right corner of the map.

Total Mitrogen Surface Annual Long-Term Change 2021 (png - 467.547 KB) Type of change
W Signiicant Decreass

A Signiicant Increase

Total Phospherus Surface Annual Long-Term Change 2021 (png - 474.563 KB) 3b Change Map Options
ce Spring Long-Term Change 2021 (png - 468.456 KE) o

Chlorophyll-a 5

@ Possible Decreasa

Chlorop a Surface Summer Long-Term Change 2021 (png - 478.301 KB} Color Palette (Change Map Only) @ Fossile increase
Secchi Depth Annual Leng-Term Change 2021 (png - 485.687 KB) @ Uniikely

Total Suspended Solids Surface Annual 1995-2021 Change (png - 475.476 KB) .

Water Ternperature Surface Annual Long-Term Change 2021 (png - 480.091 KB} Select palette. )

Dissolved Oxygen Bottom Summer Long-Term Change 2021 (png - 456.576 KB) Red_Blue - 0 25 50km

H pavalue thresholds (possible
2. Long-Term Flow-Adjusted Change " sriicant = 055,005
Change in water guality by station computed under the condition of average freshwater flow into the
Chesapeake Bay over the long-term. This approach answers the question: “What would the change in
water quality have been if flow had been average?”

Total Nitrogen Surface Annual Long-Term Flow-Adjusted Change 2021 (png - 468.272 KB) 29
-Adjusted Change 2021 (png - 471.729 KB)
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Total Phosphorus Surface Annual Long-Term Flo
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