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Extensive long-term coordinated
tidal water quality monitoring

Atlantic
Ocean

 MDDNR, VADEQ, DC 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 others

* Long-standing coordinated
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Outcome: Water Quality Standards
Attainment and Monitoring

o Assessing tidal trends annually is part our
Management Strategy and Logic & Action Plan
o Paired with assessing:

o Nutrient and sediment changes in the watershed,
and

o Attainment of water quality.

° These tidal trends are necessary to
understanding:
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> Links between the watershed and estuary response.  photo by will arson/Chesapeake Bay Program

° Incremental progress towards attainment of water
quality standards.




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, Salinity

* Capture the spatial and temporal dynamics:
e Surface & bottom
* True 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
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Total monitored flow into tidal waters

140,000 ! Note:
2019 highest in
this record. 2018
very high too.
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Figure 2. Estimated annual-mean streamflow entering Chesapeake Bay. Black line

_ represents the average annual-mean streamflow of 79,423 cubic feet per second. —_
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Chesapeake Bay Program
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1. Entire upper half of mainstem shows increase
TN before flow-adjustment. Example:
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TN summary

* Long-term decreases at most stations
(bottom is similar).

Surface TN flow-adjusted

100
|

e Short-term changes are mixed, possibly
some flow impacts that are not accounted 8
for with adjustment. :
* Only 2 long-term increases are not due to g @ -
wet year. *;g: o _ % %
o

improving no change degrading
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Chesapeake Bay Surface Total Phosphorus: -~
2019 long-term change* g o
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*start dates vary: MD stations 1985 or 1986,
VA mostly 1985 except Elizabeth River 1989.
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TP summary

* Long-term TP is decreasing at most of the
stations, but short-term changes are more
mixed.

Surface TP flow-adjusted
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e Long-term, the 1980s decrease in TP drives the
downward changes in many places.
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Chesapeake Bay Secchi depth: Q ~
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*start dates vary: MD stations 1985 or 1986,
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Secchi

1. Upper bay Secchi is flat over long-term,
with slight increase recently.
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*start dates vary: MD stations 1985 or 1986,
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Secchi

short-
term

Chesapeake Bay Secchi depth:

2010-2019 change
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Data are from MDDNR and VADEQ. .
Trends were computed using GAM
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Chesapeake Bay Secchi depth:
2010-2019 flow-adjusted change
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Data are from MDDNR and VADEQ.
Trends were computed using GAM
method in partnership between
MDDNR, VADEQ, ODU, and CBP.
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Secchi summary

e Long-term degradation of Secchi at many
stations is most obvious take-away.

e Shorter-term, the number of degradations is
much lower, and there are even slightly more
improvements than degradations (flow-
adjusted).

* The diverse set of data patterns over time
suggests that many different factors influence
water clarity depending on location.
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Chlorophyll-a
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Bay Surface Chlorophyll a:
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*start dates vary: MD stations 1985 or 1986,
VA mostly 1985 except Elizabeth River 1989.
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Chla: Diverse set of patterns Bay-wide

Chlorophyll a (Corrected) [ug/L]
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Chesapeake Bay Surface Chlorophyll a:
March-May 2019 long-term flow-adjusted change*

Susquehanna
. o\ f 7
1. Some Iong-term INCreases. A ¥ Q
Chilorophyll a (Corrected)-Surface & Above Pycnocline at EE1.1 hd . *
— \Wad
2 - M W T T -l IIIK R [ TTTTIN P ¢ A 4
= x 3w x BooE w oW . ® 3 @
Eﬁ_ - xxxx # xxxx " 3 " :)2; XX)SS'(?S‘i . N
8 — ] H 3&"'}& ﬂ.‘ﬁ{mﬁq‘}?ﬂ ) o .-"a D-ahnvnnLH@
et S AEF IR (3 Y Q@ A yy
® Pl RBRRE ) X x i l Choptank
£ Hix o, L < : % S
[=% H HX )(xx A » £ e . , # ’A O A
2 wom R W xy . @ ® ¢
o o - ® - ¢ o A
< » Potomac A
| | | | ® e ‘Q N
1990 2000 2010 2020 @D ¢ A
*® AA A
2. Some long-term decreases (this one focused on the spring). Ra;pa#annock ¢ . *
® O o ¢ v
Chlorophyll a (Corrected)-Surface & Above Pycnocline at LE5.4 A * ‘5 Type of trend
- TTITHI ST T T I [T Tr T v ¢ P ¥ e ¢ '® Significant (p<0.05)
X x40 | h oYV ¢ 0 WV Decrease >50%
. @ ¢ o0 V' Decrease 0-50%
v #74 York @ ® A Increase 0-50%
;James % P A Increase >50%
Sep A AV & * Pogsible (0.05<p<0.25)
e N e o © Decrease
. O’ ® @ Increase
— e R e A + Unlikely (p>0.25)
[ [ [ \ method in partnership between V. @
MDDNR, VADEQ, ODU, and CBP. < N 0 25 50

1990 2000 2010 2020

I 3. Over the short-term, many more constant patterns. I

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

Map created by RM, 10/2/2020

T N T A T |
A Kilometers

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




Chlorophyll-a
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*start dates vary: MD stations 1985 or 1986,
VA mostly 1985 except Elizabeth River 1989.
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Chlorophyll-a summary

* Like Secchi, patterns differ greatly by

region. o Spring Surface Chlorophyll-a flow-adjusted
O J—
* Short-term chlorophyll-a has leveled out at
many stations, turning degrading long-term 8
changes into no change in the short-term. o
5 8-
S
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Summer
Bottom
DO

long-
term

Chesapeake Bay Bottom Dissolved Oxygen: | —~, -
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*start dates vary: MD stations 1985 or 1986,
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Map created by RM, 9/25/2020

* Depths vary greatly across
the tidal waters.

* Very different forces are
influential depending on
mixing and depth.
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Chesapeake Bay Bottom Dissolved Oxygen: | —, -

S u m m e r June-Sept 2010-2019 change ——

1. Small, but meaningful DO increase in deep
mainstem in last 10 years.
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DO initial reactions

* A wide-variety of DO trends are likely due to 5 Summer Bottom DO
different bottom conditions throughout the tidal 27
waters.
8 ]

* Most stations show no significant change over time.

60
I

* Notably, mainstem deep channel stations are
slightly improving due to near-zero values not
occurring as much anymore.
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improving no change degrading
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2019 Summary

e Two very wet years influenced true o Surface TN flow-adjusted - Surface TP flow-adjusted
conditions. ) )
* Nutrient concentrations improved at |, © . |
the vast majority of stations overthe |5 s- IER
Ion -term, with less improvement 5 s //
ately. 5 *le | & 2
. . 112 2 . %
* Secchi, chlorophyll-a and DO improved et | /
at fewer stations than nutrients, but .25 _1 o -
the numbe.rs Of degradathnS have improving no change degrading improving no change degrading
decreased in recent years.
Secchi Depth flow-adjusted Spring Surface Chlorophyll-a flow-adjusted ) Summer Bottom DO
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Results available
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- Science. Restoration. Partnership.

—

Projects and Resources

Maps of 2019 Tidal Water Quality Change
1. Long-Term Change

urface Total Nitrogen, Annual 1985

James Potomac Susquehanna

Researchers

search

Stats

https://www.chesapeakebay.net/who/group/
integrated_trends_analysis_team

C @& gischesapeakebay.net/wip/wqmonitoring/

Apps G Google @ Google Scholar Introtin

Monitoring cep umd
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Columbia L]
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@ Quick Start Infor

(¢}

; X s s

& Tidal Water Quality Monitoring Aanapolc A
Instructions: Click on a monitoring station to open mors

@ informati that station and to access a chart of the

end. Click on the “Layer List” widget at the

bottom of the map to change the water quality parameter g

displayed on the map, Use the other widget icons at the

bottom of the map to access additional features

ou

ngton
monitoring

Quick Guide: Access more detailed background »
information on how to use this tool and the development of
the tidal water quality trends

Background: The Chesapeake Bay tidal water quality
monitaring program is carried out in partnership with
Maryland, Virginia and EPA. Water quality paramete
Iincluding temperature, salinity, dissolved oxygen, clarity,
chiorophyll-a, nitrogen and phosphorus are measured at

over 100 stations at least once a month, Trends in water A
quality parameters are analyzed by state agency and
Chesapeake Bay Program partners using » Generalized

Additive Model (GAM) statistical approach. More

information on the tidal water quality monitoring program

can be found here. More information on the GAM methods

can be found
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2. Filter Data
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e e
Range Map Options e
A Updaie Range Map.
Filer by ‘State”

Mt updat g o (o s
 Select Al
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Variabie o Pt
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o Select variable:
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Filler by 'C8 Segrient
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https://baytrends.chesapeakebay.net/baytrendsmap/




baytrendsmap

Tetra Tech Team: Jon Harcum and Erik Leppo

@ baytrendsmap Rpackage 120" X | + https://baytrends.chesapeakebay.net/baytrendsmap/ - X

1.SelectData 2 F

Data

After upload (~ 3 second / MB) the data will appear below.

oose baytrends Output

1a. Load final file

Choose file to load

Can select from current data sets

® Mon-linear Trend (Full Period)

) Non-linear Trend (1999-2000 to 2018-2019)

) MNon-linear Trend (2010-2011 to 2018-2019)

(O Non-linear Trend with Flow Adjustment (Full Period)

(O Non-linear Trend with Flow Adjustment (1999-2000 to
2018-2019)

(O MNon-linear Trend with Flow Adjustment (2010-2011 to
2018-2019)

Load 'Final' File
1b. Load user file

Select CSV input file

Choose file to upload (maximum file size 100 MB)

Or load your own run results

| : . . G42AM
to search P i ]




Options for filtering parameter/layer/season

@ baytrendsmap R packagev1.20° X +

2. Filter Data

| Apply Filters |
Reset Filter Selections

Filters

O~

2. Filtered Data
—_  —

Filtered Data Summary Filtered Data Range Map Change Map

The number of unique entries by station are in the table below. Modify filters and click 'Apply Filters' if value is greater than one.
For 'final' files, the only field that requires filtering is 'Map Layer'.

For 'user-created’ files, you may need to filter by 'Parameter’, 'GAN', 'Layer’, 'Period’, and 'Season’.

0 = Number of stations with more than 1 record.

TN|Surface|Annual

L Type here to search

Filter by "State'
Select mapLayer: Search:
Filter by 'CB Segment'
TN|Surface|Annual =
Filter by "Station Group' : n_mapLayer
_ _ n CHLA|Surface|Annual
Filter by "Station Identifier
CHLA|Surface|Jul-Sep
et by ‘Map Layer CHLA|Surface|Mar-May 1
- . -
Select mapLayer: 2 cB21 1
3 CB2.2 1




Can view the filtered data set in the browser

@ baytrendsmap R packagev1.20° X + - X
Filtered Data Summary Change Map
2. Filter Data show[5  v|entries Search:
Apply Filters Table 3. Filtered data
station layer latitude
Reset Filter Selections
Filters
: , , 685 CB1.1 surf 39.54794
Filter by 'State 7 urace N
Filter by 'CB Segment 687 CB2.1 Surface 39.44149
Filter by "Station Group'
89 CB22 Surface 3934873
Filter by "Station |dentifier’
) 691 CB3A Surface 39.2495
Filter by 'Map Layer'
693 CB32 Surface 3916369
Select mapLayer:
3
TN|Surface|Annual -
Showing 1 to 5 of 136 entries Previous 1 2 3 4 5 25 MNext

. 11:26 AM
H £ Type here to search | 2212001 ~




Range map: Can map various features of the data set
(current mean, change over time, etc)

@ baytrendsmap R package v1.20. X

2. Filter Data

Apply Filters

Reset Filter Selections

Filters
Filter by "State'

Filter by "CB Segment’
Filter by "Station Group’
Filter by "Station Identifier’

Filter by ‘Map Layer'

Select mapLayer:

TN|Surface|Annual

+

2. Filtered Data

Filtered Data Summary Filtered Dafa

Plot Data Range

Range Map
Options

| Update Range Map

Must 'update' map prior
to save.

& Save Range Map

Variable to Plot

Select variable:

Current mean

Range Map Chapge Map

Total Nitregen [mg/L]
GAM: Mon-linear Trend with Flow Adjustn
Layer: Surface

Period: Full Period
Season: Annual

Total Nitrogen [mg/L]

GAM: Non-linear Trend with Flow Adjustment
Layer: Surface

Period: Full Period

Season: Annual
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Change map: Map the changes over time,
choose colors, save image, etc

2. Filter Data

Apply Filters

Reset Filter Selections

Filters
Filter by "State'

Filter by "CB Segment’

Filter by "Station Group'

Filter by "Station Identifier

Filter by "Map Layer'
Select mapLayer:

TN|Surface|Annual

@ map_range_20210...png

H L Type here to search

@ baytrendsmap R package v1.20. X

Filtered Data Summary Filtered Data Range M@

Plot Data Change

p Change Map

Total Mitrogen [mg/L]

GAM: Mo o low Adjustment
Layer: Surf 3.b. Plot Change
Change Map Period: Full Period

Season: Annual

Total Nitrogen [mg/L]

GAM: Non-li Trend with Flow Adjustment
Layer. Surtace e Exported

Period: Full Period
Season: Annual
p-value thresholds (possible, significant): 0.25, 0.05 ma p
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Thank you

GAM team:
* Jeni Keisman (USGS)

rmurphy@chesapeakebay.net
Elgin Perry ikeisman@usgs.gov

Jon Harcum and Erik
Leppo (Tetra Tech)

Renee Karrh (MDDNR)
Mike Lane (ODU)
Cindy Johnson (VADEQ)
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