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2021 Tidal Trend Results

* Long-term (1980s-2021) and short-term (2012-2021) change:

* Annual surface & bottom TN, TP, water temperature, salinity
* Annual & SAV season Secchi depth

* Spring & summer, surface & bottom: Chlorophyll a
 Summer surface & bottom DO

e 1999-2021 and short-term (2012-2021) change :
 Annual surface & bottom TSS, DIN, PO4

x2 =2 (a) Observed conditions, and (b) flow- or salinity-adjusted conditions



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

trends
Washington D.C. tidal trend

 Team effort;: monitoring stations

* Efeturi Oghenekaro, Blessing Edje and George Onyullo from
DOEE — provided data, guidance, testing & DOEE approval

* Mukhtar Ibrahim and Karl Berger from MWCOG — ran M flow
baytrends, tested options, finalized the results * gage

* Breck Sullivan, Alex Gunnerson, and myself from CBP —
training, maps

Anacostia
Potoma flow gage
(NE branch)

ANAO1
PMSO01 & ANAO
* Parameters & time periods for 18 stations B KNGO?..ANAos\
* Annual Secchi depth o KNG‘”.O
* Spring & summer, surface Chlorophyll a 5% "M ANatg KNA?ZIA”
e Summer surface DO . X,\ﬁm
* Annual surface TSS & PO4 ANASS ANa24

* Annual surface DIN — for graphs only .. AMS29

* Flow adjustment: Used either Potomac USGS gage or NE s
Branch Anacostia 4 0 5
o




Washington D.C. stations

* Results presented on the applicable

maps for this year —

* Future work could include:
* Additional parameters,

* Analysis of the results with the team,
and

* Inclusion in Potomac Tributary Report
during next revision.
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Tidal Trends/GAM* method review

TN = s(doy) + s(date)+ interaction(doy,date)

Total Nitrogen-Surface & Above Pycnocline at CB5.4
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Tidal Trends/GAM method review

TN = s(doy) + s(date)+ interaction(doy,date)

Total Nitrogen [mg/L]

Total Nitrogen-Surface & Above Pycnocline at CB5.4
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Tidal Trends/GAM method review

Is variability in river flow the cause of year-to-year fluctuations?

Total Nitrogen-Surface & Above Pycnocline at CB5.4
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Approach: Include upstream flow or local salinity in the model,
depending on location of analysis.



Tidal Trends/GAM method review

TN = s(doy) + s(date)+ interaction(doy,date)
+ s(flw_sal) + interaction(flw_sal,doy) + interaction(flw_sal,date) + interaction(flw_sal,doy,date)

Total Nitrogen-Surface & Above Pycnocline at CB5.4
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Tidal Trends/GAM method review

Total Nitrogen-Surface & Above Pycnocline at CB5.4

1.4

1.0

Percent change =-34%
p-value < 0.0001

0.6
|
=T
==
——

Total Nitrogen [mg/L]
0.8
|
i ;;;'«;iki'
_; D
SONR S
X
¥¢
Kok Fagosleoons X
S %
X
2
e
29822 3¢
3¢ X
=X
&KX
%X
X
X
X
g

g s ; | .:‘: )&;:)0( ‘x N
P S ' B2 Y = Y 3 4
x 2% TR AT VT TR A R R R A AT m
1 e Y Y VR e
S SROF R KR % AR AVATEES |29
x XX R FROE R TLEVARS
X X X X ’§§‘
X M X X R
X x'.‘:
R :

1990 2000 2010 2020

X Uncen. — Adj.GAM — Avg.GAM B Conf.Int. = Lo Sal ® HiSal « - Fit. GAM

10



Tidal Trends/GAM method

Chesapeake Bay Surface Total Nitrogen: | — -
2021 long-term flow-adjusted change* >
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<
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| @ Increase
compued sngcan |V o e o & # Unlikely (p>0.25)
o obU anacar. | Voo T N o 25 50
| | | | esapeakebay.netterms| - %/ ) A Kilometers
Soneatclyietomel /X *start dates vary: MD stations 1985 or 1988,
VA main 1988, Elizabeth 1989, and VA tributaries 1994.
1990 2000 2010 2020
X Uncen. — Adj.GAM — Avg.GAM B Conf.Int. = Lo Sal ® HiSal « - Fit. GAM

Note graph is 2020, but result is the same for this station.
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Total monitored flow into tidal waters

2021 in the
normal range

Streamflow {cubic feet per second)

‘Water year (October through Sgptember)

B 2bove normal streamflow [l Below normal streamflow :- Mormal streamflow

https://www.usgs.gov/media/images/estimated-annual-mean-streamflow-entering-chesapeake-bay
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2021 Tidal Trend Results

* Long-term (1980s-2021) and short-term (2012-2021) change:

* Annual surface & bottowater temperature, salinity
* AnnualSecchi depth

* Spring & summer, surface & bottom:Chlorophyll a
e Summer surface '

e 1999-2021 and short-term (2012-2021) change :
 Annual surface & bottom TSS, DIN, PO4

x2 =2 (a) Observed conditions, and (b) flow- or salinity-adjusted conditions



TN

Surface
Long-term

Chesapeake Bay Surface Total Nitrogen: | - -
2021 long-term flow-adjusted change* ...

A Watershed Pastnorship
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¢ v » /
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A % Y v 7 Ve Significant (p<0.05)
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. A4 V' Decrease 0-50%
\V4 OYYork V4 Vv A Increase 0-50%
%James é AV, A Increase >50%
Wz v Y R\ 4 Possible (0.05<p<0.25)
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VV - @ Increase
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. . I Y T N T T T |
Disclaimer: A H
http://www.chesapeakebay.net/terms % Kilometers

*start dates vary: MD stations 1985 or 1986,

VA main 1988, Elizabeth 1989, and VA tributaries 1994.
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TN

Surface
Long-term

Chesapeake Bay Surface Total Nitrogen: | -, -
2021 long-term change*

Chesapeake Bay Program
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Data are from MDDNR and VADEQ. v v .
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MDDNR, VADEQ, ODU, and CBP. : @® N o 25 50
Disclaimer: A L ||<'|| L t' L1 |
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*start dates vary: MD stations 1985 or 1986,
VA main 1988, Elizabeth 1989, and VA tributaries 1994.

Chesapeake Bay Surface Total Nitrogen: | - -
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*start dates vary: MD stations 1985 or 1986,
VA main 1988, Elizabeth 1989, and VA tributaries 1994.
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TN

Surface
Short-term

Chesapeake Bay Surface Total Nitrogen: Q ~
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TN

Surface
Example
Total Nitrogen-Surface at RET3.2
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Example: The Rappahannock stations with short-
term increases have fairly constant concentrations
over the long-term with an upswing in the last few
years.

Chesapeake Bay Surface Total Nitrogen: | -
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TN summary

* Long-term trends decreasing at
majority of stations (bottom is
similar).

e Short-term trends are more mixed,
but the largest group is improving.

Percent of stations

60 80 100

40

20

Surface TN flow-adjusted

Long-term

Short-term

O long-term
2 short-term

improving

no change

—

degrading




TP

Surface
Long-term

Chesapeake Bay Surface Total Phosphorus: | -

2021 long-term change*

Chesapeake Bay Program
A Watcrshod Parincrship
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Data are from MDDNR and VADEQ. v

Trends were computed using GAM

method in partnership between V v v i
MDDNR, VADEQ, ODU, and CBP.

Disclaimer:
http://www.chesapeakebay.net/terms

4 Unlikely (p>0.25)

N 9 25 50

S T N T A TN O |
A Kilometers

*start dates vary: MD stations 1985 or 1986,

VA mostly 1985 except Elizabeth River 1989.

Chesapeake Bay Surface Total Phosphorus: | «

2021 flow-adjusted long-term change*

Chesapeake Bay Program
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Susquehanna
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L] v .
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v OQAYork 4 gv A Increase 0-50%
‘James A AV, A Increase >50%
Wy < o p2 \V4 Possible (0.05<p<0.25)
vy, & VW @ Decrease
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Data are from MDDNR and VADEQ.
Trends were computed using GAM

method in partnership between V( v v i
MDDNR, VADEQ, ODU, and CBP. .

Disclaimer:

http://www.chesapeakebay.net/terms

4 Unlikely (p>0.25)
N g 25 50

S T T T T T |
Kilometers

*start dates vary: MD stations 1985 or 1986,
VA mostly 1985 except Elizabeth River 1989.
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TP

Surface
Short-term

Chesapeake Bay Surface Total Phosphorus:

—
2012-2021 change —_—
Susquehanna
O L 4
> &
Observed w1 IE>
L] L] ~ ’
Conditions |
4
Patuxent \
v S d
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« K
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,.. o ~ . . Possible (0.05<p<0.25)
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Data are from MDDNR and VADEQ.
Trends were computed using GAM
method in partnership between
MDDNR, VADEQ, ODU, and CBP.

¢ Unlikely (p>0.25)

N o 25 50

4 4 9 3 )
A Kilometers

Disclaimer: o §
http://www.chesapeakebay.net/terms

Chesapeake Bay Surface Total Phosphorus:

_ %
2012-2021 flow-adjusted change —
Susquehanna
v 0
Flow-
vv V

adjusted

0%
Potomac
”’O‘ PR N s
Rappahannock + ~* .
N ,, - Type of trend
A - Significant (p<0.05)
. V¥V Decrease >50%
B V' Decrease 0-50%
* "
78 York A Increase 0-50%
Q‘James @, A Increase >50%
e "Q'_L’ > 4 & 55 Possible (0.05<p<0.25)
' Py e © Decrease
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Data are from MDDNR and VADEQ.
Trends were computed using GAM
method in partnership between
MDDNR, VADEQ, ODU, and CBP.

¢ Unlikely (p>0.25)

N o 25 50
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TP

Surface
Example

Chesapeake Bay Surface Total Phosphorus:
2012-2021 change

Susquehanna
WA
Observed w1 e

b 4
oL » ®
Conditions «+ OO

&

N

Chesapeake Bay Program
A Watcrshed Partnership

)
A4

® £ {Choptank

Potomac

*
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@)
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; PN . ® 58 Possible (0.05<p<0.25)
e Qg o Vv © Decrease
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A 4

Data are from MDDNR and VADEQ. P ¢ Unllkely (p>025)

Trends were computed using GAM

4
method in partnership between : "v V @

MDDNR, VADEQ, ODU, and CBP. ‘ B\ N 0 5 50
Disclaimer: 2 3 i A A O O O T T
http://www.chesapeakebay.net/terms { Kilometers

Example: Several of the trends that improve over the long-
term but degrade over the short-term have large TP
decreases in the 80s and smaller increases in the last decade.

Total Phosphorus [mg/L]

0.10 0.20

0.05

0.0z

Total Phosphorus [marl]

Total Phosphorus-Surface at ET7.1

— ®
—] X
I I I I
1990 2000 2010 2020
Total Phosphorus-Surface at ET7.1
=}
& T TnT TN [THWCTT
2
o
L
[ R—
o
S - Flow-adjusted version | |
1990 2000 2010 2020
*  Uncen. - Avg.GAM B Conflnt. —1 —TM Lo Sal - Fit.GAM
—Adj.GaM O  Sign. * BiCx 1041 B Hi Sal




TP summary

* Long-term trends decreasing at
majority of stations (bottom is
similar).

e Short-term improvements reduced by
more than half, with many more
regions showing “no change” over the
short-term.

Percent of stations

60 80 100

40

20

Surface TP flow-adjusted

O long-term
2 short-term

improving no change degrading




Secchi depth

Chesapeake Bay Secchi depth: g ~
2012-2021 flow-adjusted change -

Che<apeake Bay Program
A Watcrshed Partnership
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* 009\\ AL
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¢ R * @ short-term o » P
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above \V4 A - Potomac™ &
oV t Choptank 2 ’. ® VAN o O
* S o * ¢ O O
v v V¥V v o < L VN # A
F‘otcmag Q vy ® & @ a o Wik N o O V
. O x v ° Rappahann?ck ; - v P
i LAY S B Hp® el
AA ¥ . * I Y o
% v : o 2 : “~ Type of trend
' @ \V4 pe A4 ¥ @ o ¢ Significant (p<0.05)
Rappahahnock * o . .4 ; 3
o @ v 4 o o o V' Decrease >50%
. . . L & ' 0
improving no change degrading SV 278 o V' Decrease 0-50%
v v VV Type of trend QAO York Foe ® A Increase 0-50%
v ’ ¥ V V .. Significant (p<0.05) %)James . % : :’.‘ 2 A Increase >50%
V% WV Decrease >50% ,A. ® O ¥ e : " Possible (0.05<p<0.25)
V Decrease 0-50% ‘ @ ot ; ®
v V 0 % & o o ) Decrease
A’ York v A Increase 0-50% A o @ Increase
®_ James | >50% R
@ b VW A . nerease ’ Data are from DOEE, MDDNR and | iy @ ¢ Unlikely (p>0.25)
OV & V v Possible (005<p<025) VADEQ.Trends were computed using @ * * o o
L 3 @ ® GAM method in partnership between = ’ N ¢ 25 50
A & V v ’ Decrease CBP, DOEE, MDDNR, ODU, e A,
VO . ® Increase MWCOG, and VADEQ, 3 A Kilometers
Data are from DOEE, MDDNR and * Un"kely (p>0'25) r?tltspc:;?mfchesapeakebayne!/terms
VADEQ.Trends were computed using A.v V g
GAM method in partnership between N 0 25 50
CBP, DOEE, MDDNR, ODU,
MWCOG, and VADEQ, & A BT Ty
Disclaimer: b4 * . i 2 3
. start dates vary: MD and DC stations 1985 or 1986,
http:/iwww.chesapeakebay.net/terms VA mostly 1985 except Elizabeth River 1989.




Secchi de th Example: Anacostia stations all Chesapeake Bay Secchi depth: R
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*start dates vary: MD and DC stations 1985 or 1986,
http://iwww.chesapeakebay.net/terms.

VA mostly 1985 except Elizabeth River 1989.




Secchi depth summary

* More than half of the long-term
degradations have turned to “no
change” for the last 10 years.

e Stations with long- and short-
term improvements are fairly
consistent.

Percent of stations
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Spring Surface Chlorophyll a

Chesapeake Bay Surface Chlorophyll a: [
March-May 2021 flow-adjusted long-term change*
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Chesapeake Bay Surface Chlorophyll a: L v
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*Note: Bar chart does not include Washington D.C. stations since they are only short-term




Spring Surface Chloroph

Chesapeake Bay Surface Chlorophyll a: ~»
March-May 2021 flow-adjusted long-term change*....:......

Susquehanna

vil a

Example: Long-term increases in
some regions have plateaued or
decreased in the spring for the
short-term.

Chleorophyll a (Corrected)-Surface & Above Pycnocline at CB3.2

Chesapeake Bay Surface Chlorophyll a:
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*Note: Bar chart does not include Washington D.C. stations since they are only short-term




Summer Surface Chlorophyll a

Chesapeake Bay Surface Chlorophyll a:
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Chesapeake Bay Surface Chlorophyll a:
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*Note: Bar chart does not include Washington D.C. stations since they are only short-term



Summer Surface Chlorophyll a

Chesapeake Bay Surface Chlorophyll a: I
July-Sept 2021 long-term flow-adjusted change* ...

Example: Same station (different
length of record) as Secchi. Shows
the clarity improvement likely
linked to phytoplankton.

Chlorophyll a (Corrected)-Surface at ANA11
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Chlorophyll a summary

* In both seasons, conditions have improved from the long- to
short-term.

* Slightly better bay-wide trends in spring than summer.
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Bottom Summer DO

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

e Overall patterns consistent with
last year. (more TP and chla
improvements)

* Nutrient trends mostly
improving over the long-term
with some leveling-out over the
short-term.

* Fewer degrading short-term
trends than long-term for
Secchi, chlorophyll a and DO.
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& Integrated Trends Analysis Team X +

& C 8@ chesapeakebay.net/who/group/integrated_trends_analysis_team

Accessing 2021 Tidal Trends 1 pmmie oy g

Discover the Chesapeake Learn the Issues State of the Chesapeake

— updates to occur soon

Projects and Resources
Maps of 2020 Tidal Water Quality Change

° ITAT WEbpage 1. Long -Term Change

* https://www.chesapeakebay.net/who/group/inte '
grated trends analysis team >

e Baytrendsmap
* https://cast.chesapeakebay.net/TrendsOverTime

* Chesapeake Bay Watershed Data Dashboard
(Beta) — 2020 just updated recently

* Includes maps and static graphs of simplified 37 st x .
results. 5o 5”%?\ O T B L
1 H £ ° g7 PO PR %k 7
* https://gis.chesapeakebay.net/wip/dashboard/ : . | TR NG R
g ° - R 4
[ I I - I
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* Observed Value =— Estimate of Avyg M Conf. Interval 34



https://www.chesapeakebay.net/who/group/integrated_trends_analysis_team
https://cast.chesapeakebay.net/TrendsOverTime
https://gis.chesapeakebay.net/wip/dashboard/

Acknowledgements

* Data collection through MDDNR, VADEQ, DOEE

e Elgin Perry, Jon Harcum (Tetra Tech), and Jeni Keisman (USGS) for
method development

e Contributing to this year’s results:
* Renee Karrh (MDDNR);
* Mike Lane (ODU) and Cindy Johnson (VADEQ);

e Efeturi Oghenekaro, Blessing Edje and George Onyullo (DOEE); Mukhtar
Ibrahim and Karl Berger (MWCOG);

* Breck Sullivan (USGS), Alex Gunnerson (CRC)



extras



Surface Water Temperature
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Chesapeake Bay Surface Water Temperature: | ~ -
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Surface Dissolved Oxygen
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Surface TSS (1999 analysis start)
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Surface DIN (1999 analysis start)
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Surface PO4 (1999 analysis start)
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*Note: Bar chart does not include Washington D.C. stations since they are only short-term



2020 Summary

Overall patterns consistent
with last year.

Nutrient trends mostly
improving over the long-term
with some leveling-out over
the short-term.

Fewer degrading short-term
trends than long-term for
Secchi, chlorophyll a and DO.
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