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Generalized Additive Model (GAM) method review

TN = s(doy) + s(date)+ interaction(doy,date)
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Method documented: Murphy et al. 2019. Environ. Modelling Software 118: 1-13. https://doi.org/10.1016/j.envsoft.2019.03.027.

Implemented with R package baytrends: https://cran.r-project.org/web/packages/baytrends/index.html



https://doi.org/10.1016/j.envsoft.2019.03.027
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Tidal Trends/GAM method review

TN = s(doy) + s(date)+ interaction(doy,date)
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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)
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Total Nitrogen-Surface & Above Pycnocline at CB5.4
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2023 Results
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Example: The York tributary stations with short-term

increases have fairly low concentrations over the
long-term with an upswing in the last few years.
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Chesapeake Bay Surface Total Phosphorus:
2023 flow-adjusted long-term change*
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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.
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2023 long-term flow-adjusted change*
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inset Patuxent z )
above @ & *
o ¢ Choptank
. * ¢ 0
A A * P O ¢
Potoma Q@
* * *
* A ¢
Sl e 5 (R
Y Sl
A ¢ o B s
Rappar?annock *
A . Y v
L 4 >
* . Type of trend
@ ¢ ¢ , . sSignificant (p<0.05)
. A Y
‘CC)) ¢ o VW Decrease >50%
0,
. b A e e WV Decrease 0—52 %
O York © A A Increase 0-50%
?.)James . Y. A Increase >50%
Oy % & * Possible (0.05<p<0.25)
e WA A @ © Decrease
” . © Increase
A @ # Unlikely (p>0.25)
VADEQ, Trends wers computed wsind A (A @ #

GAM method in partnership between
CBP, DOEE, MDDNR, ODU,
MWCOG, and VADEQ,

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

: » N o 25 50
S I T Y B |
4 A Kilometers

18



Secchi
Depth

Example

Secchi Depth-Surface at ANA11

—

e

[T T T 7T W 10 TP

Chesapeake Bay Secchi depth:
2014-2023 flow-adjusted change

w@ |
o
E
£ o _|
o o
@
]
= = _|
2 o
@
w i
o i
o 1 i
IR 0 N owMmd % * % b %
[ [ [ [
1990 2000 2010 2020
#  Uncen. — Awg.GAM B Confint. — 11 —7N Hi Flw === Fit.GAM
—aAdj.eaM O sign. ® B/ICx a1 1001 B LgFlw

Example: Anacostia stations all show long-term
gradual improvement. DOEE’s Potomac stations
also show long-term improvement with both
rivers having mixed short-term trends.

@ Susquehanna
* o= © L 4
e S0 A "ge 10-year
(75) A @
o M * * *
L4
AL G e
0 5 4L @
@ LLLii] .
km ’
©Q ..
see * i
inset Patuxent z @)
above O & &
o% P Choptank
” * IR
A ¢ * 6 @ ¢
Potoma Q
* * *
€
< Ch ol @
\VAVA &,_)_ A
A ? o EN
Rappar?annock 4 *
A . Y
¢ &
¢ ¢ Type of trend
@ X ¢ ¢ , e significant (p<0.05)
* & W Decrease >50%
*» & L 2 *
(] _END,
o B 4 A e e WV Decrease 0 52 %
Oz York @ . A Increase 0-50%
%James P AL A Increase >50%
Sy ’ pe ¥ . Pos_,sible (0.05<p<0.25)
iie WA A @ © Decrease
” . @ Increase
Data are from DOEE, MDDNR and | 2 _ . @ ¢ Unlikely (p>0.25)
VADEQ.Trends were computed using A A O ¢
GAM method in partnership between A * N 0 25 50
CBP, DOEE, MDDNR, ODU, ‘ j
MWCOG, and VADEQ, 5’ A Kilometers
o ]
Disclaimer:
http://www.chesapeakebay.net/terms
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Secchi depth

Chesapeake Bay Secchi depth:
2023 long-term flow-adjusted change*

see
inset
above

oV

Potoma
*
& L &
*A
I

Rappah’annock
Q

W

L 4

¢

K

.Qv
© AV VV
v

@

AN

oV

4
&L York

# James
L

Ve Y

<

(]

4

L AN

Data are from DOEE, MDDNR and
VADEQ.Trends were computed using
GAM method in partnership between
CBP, DOEE, MDDNR, ODU,
MWCOG, and VADEQ,

Disclaimer:

http://www.chesapeakebay.net/terms

Patuxent;?

Susquehanna
A 2 4
C

Q @

v Y.

v
.

v

OV v W

V e

s VY
Y v
*V

@

w Vv

A

VVV
v

AOV%

*
v

V.
v

Choptank

*

Type of trend
Significant (p<0.05)
W Decrease >50%
V¥ Decrease 0-50%
A Increase 0-50%
A Increase >50%
Possible (0.05<p<0.25)
@ Decrease
@ Increase
4 Unlikely (p>0.25)

N o 25 50

A

Kilometers

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

Percent of stations

Surface Secchi flow-adjusted 2023

100
J

O long-term
@ short-term

80

40

improving no change degrading

Chesapeake Bay Secchi depth:
2014-2023 flow-adjusted change

Summary for Secchi

* Long-term degradation in
Secchi depth is notable
across many regions of the
bay.

 Butin last 10 years, there are
more improvements than
degradations.

S Susquehanna
A ¢
g A
O (\?’C}X * ¢
(o) b 4
’77@0 - y > A’ Q@
A\
A q
O L @
km ’
bl P
see &
inset Patuxent z ()
above ® *
o & Choptank
. 2 * 0
pAY A . @ (O]
Potoma )
* * *
@
* A | W § F G
Y 5l
A g . O
Rappah‘annock *
A * 24
&
¥ . * Type of trend
@ K # ¢ , ‘e Significant (p<0.05)
¢ AL ¢ o WV Decrease >50%
. o0 e .o ¥V Decrease 0-50%
O York 9 A A Increase 0-50%
¢, James b4 AL A Increase >50%
(@7 5% % & $ * Pogsible (0.05<p<0.25)
e A A @ © Decrease
* o @ Increase
Data are from DOEE, MDDNR and | £ _ @ ¢ Unlikely (p>0.25)
VADEQ.Trends were computed using A Q. ¢
GAM method in partnership between * N 0 25 50

CBP, DOEE, MDDNR, ODU,
MWCOG, and VADEQ,

Disclaimer:

http://www.chesapeakebay.net/terms

A

Kilometers
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Spring
Chlorophyll a

Surface
Flow-adjusted

Chesapeake Bay Surface Chlorophyll a:
March-May 2023 flow-adjusted long-term change*

Susquehanna
» 4
£ Pe % Long-term
’A o ek (mostly
Tas N AR 39 years)
b ;
N
Patuxent z :
& o e Choptank
S{) ® O Sl
Potomac A e A
@ ,
. . ‘100 * LA 4
OR * A
O N ® s &
Rappah‘annock k¢ Y *>
® N of un >
A * \ - Type of trend
v @ 5 Y v o Ve Significant (p<0.05)
v ¢ @ + V' Decrease >50%
® “e e @ V' Decrease 0-50%
A 4 : N 0
& York FN . A Increase 0-50%
;nges é OOV A Increase >50%
P O A ®) W ¥ \ 4 : Possible (0.05<p<0.25)
e YW e e © Decrease
4 ‘VO v @ Increase
Troce wos plen e o2 . Tl = A ¢ Unlikely (p>0.25)
method in partnership between O v v 6)
MDDNR, VADEQ, ODU, and CBP. 3 o N 0 25 50
Etitz?}/avivr\?v(\eﬂrfchesapeakebay.netlterms ) g ’ A Kilometers

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

Chesapeake Bay Surface Chlorophyll a:
March-May 2014-2023 flow-adjusted change

Susquehanna

v = .0
“or ¥ @ £° 10-year
%, s @ P
ao;y .
o
0 5 C) C) ’
v [ ¢
km ’
@
see * () d
inset Patuxent : (@)
above % * Py
: Choptank
\VAC M *
R
. *
*
F’otomacv & ® A
* i@
* ¢
&‘QO 7 - e
. > L 4
» O
Rappaﬂgnnock ¢ W *
A . o *
2 @ L Type of trend
*5 ¢ ¢ |, . significant (p<0.05)
A N o’ @ o V Decrease >50%
. y S * @ V' Decrease 0-5(1%
¢4 York * . A Increase 0-50%
*, James & PP A Increase >50%

Possible (0.05<p<0.25)

@ Decrease
@ Increase

*« O
Data are from DOEE, MDDNR and | ~ & * 4 Unlikely (p>0.25)
VADEQ.Trends were computed using ¢ o) C> © ¢
GAM method in partnership between y & N 0 25 50
CBP, DOEE, MDDNR, ODU, Q
MWCOG, and VADEQ, Ces A Kilometers
o >
Disclaimer:
http:/fwww.chesapeakebay.net/terms




Spring
Chlorophyll a

Surface
Examples

Chlorophyll a (Corrected)-Surface at ET2.

2
T T T T AT =T e T O T areeey ey

Chesapeake Bay Surface Chlorophyll a:
March-May 2014-2023 flow-adjusted change

o X Susquehanna
@
A=Y v

oy Tl P - 10-year
S -
i ? > O

-
fy] — W ® /
% e b A 4 Vs *
o B _:_. km »*
5 0@
g I see * (] {7
§ o inset Patuxent : ()
- above * Py
— W — .
E v(‘);\ Choptank
5 o
=
£ -
O
1990 2000 2010 2020
% Uncen. —— Adj.GAM O  Sign. s BICx 4/ 1001 = o Flw
o Cens. — Avg.GAM W Conflnt. —— 1/ —n HiFlw o Fit. GANM
.
Chlorophyll a (Corrected)-Surface at EE3.0 .  trond
e of tren
g [ e
& - I Significant (p<0.05)
= g2 - WV Decrease >50%
& YV Decrease 0-50%
% S A Increase 0-50%
O o | A Increase >50%
m .
= o 4 Possible (0.05<p<0.25)
£ C* o o @ Decrease
5 % e ® |
2 | _ . ncrease
9 o *« O i
© I I I I Data are from DOEE, MDDNR and |~ & * 4 Unlikely (p>0.25)
VADEQ.Trends were computed using * C) (j O *
1990 2000 2010 2020 GAM method in partnership between : * N o 25 50
CBP, DOEE, MDDNR, ODU, (Q
= Uncen. Adj.GAM O  Sign. * BICx 41 10/ = i Sal MWCOG, and VADEQ. 0 A Kilometers
o Cens. — Avg.GAM B Confint. — 1M — 7 Lo Sal - Fit.GAM Greslimes L 4

http:/fwww.chesapeakebay.net/terms




Summary
Chlorophyll a

Surface
Flow-adjusted
o Mar-May Surface Chlorophyll-a flow-adjusted 2023 o Jul-Sep Surface Chlorophyll-a flow-adjusted 2023
O o
- O long-term* - O long-term*
@A short-term @A short-term

o _| o _|
[ce] [ce]

[2] (2]

c c

9 9

5 8- 5 8-

(7] (7]

ks ks

c c

5 9 g 9

o o

o o
o _| o _|
AN AN
o - o

improving no change degrading improving no change degrading

* In both seasons, this is a large mixture of trend types for chlorophyll a.

* There are slightly better bay-wide trends in spring than summer.

*Note: Bar charts do not include Washington D.C. stations since DC is only short-term



Water
Temperature

Surface
Flow-adjusted

Chesapeake Bay Surface Water Temperature:
2023 long-term flow-adjusted change*

Susquehanrz :
Long-term AAAA
(mostly a0 o
39 years) AR A
y
. A i
AKX
Pat A t e Af
atuxen
A -
7 : Choptank
A P
PotomaC A A A A
S AL s
MA st
Rappa‘r%nnock 2 A% A 8 A
A LA e
A & = Type of trend
" A A ) A significant (p<0.05)
) A A o WV Decrease 1-2.5°C
A AL V Decrease 0-1°C
* o AﬁYQ’k f . A Increase 0-1°C
A- w M 2K G OAS A Increase 1-2.5°C
2y T S e Possible (0.05<p<0.25)
A A Ai A A © Decrease
' A A © Increase
Data are from MDDNR and VADEQ. A J )
menod ezt g A ; Pl e
MDDNR, VADEQ, ODU, and CBP. - % 2 N 0 25 50
Etitiﬂla\i/n\:vil;.:chesapeakebay.net/terms % | A W

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

Chesapeake Bay Surface Water Temperature:
2014-2023 flow-adjusted change

Susquehanna
A
A A 10-year
A K
@A a3
. Al
7
A A4 AN
Patuxent§ A ‘
E s c% tank
Albe : optan
Aa % Ay
A
Potoma A A @
A At AR r
allls LA&A o S
Ad . AA A
RaA ha eyl A I P®
ppahannock i O
A | . @ -
& T A T AR
A g ! = Type of trend
o A A Ai significant (p<0.05)
O%) A e g V Decrease 1-2.5°C
®5 0 A * Ae ¥ Decrease 0-1°C
i A York N A £ A\ Increase 0-1°C
%  oy Mk 1y @8 A Increase 1-2.5°C
PR % A A ’ : Possible (0.05<p<0.25)
A, AZ 7 A‘ © Decrease
Data are from MDDNR and VADEQ ’ ’ A . Ingrease
re irrom ¢ 4 A A .
methot 1 parohipboueen. | Mol g @ A  Hnllkelyrip=0.25)
MDDNR, VADEQ, ODU, and CBP. A ﬁ N 0 25 50
Etit;‘?llla\:/r:le\n:fchesapeakebay.net/terms % A ITEISES
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Water
Temperature

Surface
Example

Water Temperature-Surface & Above Pycnocline at CB5.4

o 8 0 Illl% -1 §;E.— X—E I T!TW ;T_XI EXI I ; I E”l IIH!)ET “Iili
& A gﬁ Suul
S & ﬁ Bil § Fﬁﬁg ﬁ‘
= M il (i H ,
2 o |
= iR
S ’ AL -‘-.------L
o L - e el ettt ot el g g ] . 1 a M
Q .l'.
5 2 - _ ? . '
s o | i
© errrrry i V L !
= o w X % x X i H ok ES ”
[ [ [
1990 2000 2010 2020
* Uncen. — AdIGAM O  Sign ® BICx 41 101 = HiSal
--- MthChg — Avg.GAM ™ Conflnt. 1M — TN LoSal - Fit. GAM

Example: Water temperature values vary a lot
throughout the year, but consistently we see a

mean increase.

Chesapeake Bay Surface Water Temperature:
2014-2023 flow-adjusted change

Susquehanna
A
A A 10-year
A K
A A A
AR i
@
A
7y
A g A
Patuxent§ A
( A A
Choptank
YA/A 2 P
AB % AAd
A
Potomac A A @
A A A
A A %& 8. @
Ad A, &
) A A A s
Rappahannock # ®
A © ”
A A &
S Type of trend
N o A A A significant (p<0.05)
O (% A e WV Decrease 1-2.5°C
® 0 A e A e ¥V Decrease 0-1°C
2
g A York N * A Increase 0-1°C
A y 4 * O A Increase 1-2.5°C
*A-» A A ® Possible (0.05<p<0.25)
& A AA A A © Decrease
. * A © Increase
ata are from MDDNR and VADEQ. A
Trend: ted using GAM ’ i
methiocin s <ratehie boticen ag9 A A ¢ Hntikeiy(p=0:29)
MDDNR, VADEQ, ODU, and CBP. é% N 0 25 50
Etits;:?l//avivn\;/?/'.:chesapeakebay.net/terms [(1 A Kilometers




Water
Temperature

Chesapeake Bay Surface Water Temperature:
2023 long-term flow-adjusted change*

Susquehanna

Choptank

A

Rappah‘annock

A A A%
N AA oA A A
A > A @
* A A:York f AA
AJames A 5A0

“ A

Type of trend

© Decrease
@ Increase

Data are from MDDNR and VADEQ. A A A
Trends were computed using GAM
method in partnership between A A A

N o 25

Kilometers

Significant (p<0.05)
WV Decrease 1-2.5°C
YV Decrease 0-1°C
A\ Increase 0-1°C
A Increase 1-2.5°C

Possible (0.05<p<0.25)

¢ Unlikely (p>0.25)

50

Percent of stations

60 80 100

40

20

Surface Water Temp observed 2023

O long-term

@ short-term

|

decreasing no change increasing

MDDNR, VADEQ, ODU, and CBP.
Disclaimer: A
http://www.chesapeakebay.net/terms

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

Chesapeake Bay Surface Water Temperature:
2014-2023 flow-adjusted change

Susquehanna

A
AX %A
A 7K
&A 23w
A
~ ol
A DAL
Patuxent § A
(@ A
A@ Choptank
Aa % &2
Potomaé‘x A - A ®
A Al A
e LYW . o
AA AA A
I N A ~ o
Rappahannock o o
@ a
S A
= A &
A i Type of trend
@ A A Significant (p<0.05)
O % A e WV Decrease 1-2.5°C
000 A ¢ Ao V Decrease 0-1°C
* e A York A, A\ Increase 0-1°C
% . ) 4 * 00 A Increase 1-2.5°C
Oy A A 5@ / Possible (0.05<p<0.25)
A AA A A © Decrease
Dat: fi MDDNR and VADEQ ’ A Qﬁ InCreaSe
ata are from aﬂ. i A A .
etioan pameee etien. T8 A £ * Dnlikely{p=0.25)
MDDNR, VADEQ, ODU, and CBP. A N 0 25 50

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

Kilometers
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Bottom
Summer DO

Chesapeake Bay Bottom Dissolved Oxygen:
June-Sept 2023 long-term change*

Susquehanr%
Long-term At
© U
(mostly v’ % *
39 years) YW e
v @
.
NAVAON
Patuxentv’ v
O ) 4
o' v Choptank
” * @V
o510 v
Potoma@ A ¢
A 9.1\ 0
$
@ A A é
oV 8. »
VA *
Raoo ¢ @ O
appahannock v
A @
A Y )
A Type of trend
p = X & , e significant (p<0.05)
¢ W * o WV Decrease >50%
Py PN WV Decrease 0-50%
@7% . York § ® A Increase 0-50%
V’James O *@0 A Increase >50%
Ty % < & A Possible (0.05<p<0.25)
PN C* o o © Decrease
AO . © Increase
Trands were computed using GAM. | & .  Unlikely (p>0.25)
method in partnership between ’A/_\_. A *
MDDNR, VADEQ, ODU, and CBP. *

N o 25 50

Kilometers

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

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

Chesapeake Bay Bottom Dissolved Oxygen:
June-Sept 2014-2023 change

Susquehanna
. #
)
O 10-year
d ® i
O
AR
¢ ¢
*
: V.
Patuxent z ¢
e s *
W P Choptank
P @ s@ @
@O @
PotomacO A *
ST Yy @
‘ L
DA *
-V 8/ »
@ @ _ ¢
Rapparﬁannock ® o ®
® A . &
L 4
_ A ¢ Type of trend
™ & &, e significant (p<0.05)
¢ e ® @ WV Decrease >50%
* % O oo ¥V Decrease 0-50%
"¢ York O . A Increase 0-50%
%)James * PUPON A Increase >50%
*¥y ® & e * Possible (0.05<p<0.25)
Vv O o o @ Decrease
* > o @ Increase
Tronds were compued using GAM. | @ . + Unlikely (p>0.25)
method in partnership between O * * o (Q
MDDNR, VADEQ, ODU, and CBP. 9 N o 25 50
Etltspf:'?\:vnvlﬂ:chesapeakebay.net.fterms Cz A Kilometers

N
N




Bottom Summer DO

Chesapeake Bay Bottom Dissolved Oxygen:
June-Sept 2014-2023 change

. . Susquehanna
Chesapeake Bay Bottom Dissolved Oxygen: E . : ;
xample: K r in mainstem i ¥
June-Sept 2023 long-term change* el LN a_ Sl ainste U 10-year
Susquehanna and nearby regions where x 8 e
v . . . . )
Long-term » AA @ increasing DO is starting to show S
- o ‘
(mostly e e up in the trends. ;
39 years) ) - N
Patuxent; 'S
*& &
W Choptank
Patuxent Dissolved Oxygen-Bottom from June to Sept at CB5.1 »
b 4 o~ [ Py
»'e Choptank - 1ac
S @
o O
*. £ - & * @
PotomaC ¢ o >V *
AN O e
@ 6 © — . Rappalannock O ®
v g T X %o X * x >>j<>< % * ) d
Rappahs k 2 I o x X x x X% x X - Type of trend
ppahannoc a o % ¥ %X x x X XK X X X U iX XX e % L . g
a a =¥ LIS S AN S-S S8 TR o ¢ Significant (p<0.05)
5 &> o - a@xi&ﬁx§§<x&§x§xxxx§§‘xx’§)§§<§xi¥x%g&§X%§Xx’§<x . ® W Decrease >50%
v i Ty ! ! ! ! " V Decrease 0-50%
o \% A% e signil 1990 2000 2010 2020 *°§ York A Increase 0-50%
James A 0
\v4 * r'S VI Increase >50%
VI — .
O:York ﬁ * e A | X Observed Value 6/1-9/30 | *o ® & e .O. PO;Slble (0.05<p<0.25)
W James © o VA * 0 D Decrease
“ O *a@ A Increase >50% s, @ Increase
Cavig ¥ A Possible (0.05<p<0.25) Trends wers compuiod using GAM | 9 * + Unlikely (p>0.25)
(4 * o @ Decrease method in partnership between @ * o
@ .» : MDDNR, VADEQ, ODU, and CBP. * N
A @ Increase Q 0 25 50
ORER 4 7o

Data are from MDDNR and VADEQ. PN
Trends were computed using GAM

*
method in partnership between ‘AA A :

MDDNR, VADEQ, ODU, and CBP.
%

N ¢ 25

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

¢ Unlikely (p>0.25)

50

T T O T T |
A Kilometers

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

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

S T T Y Y N |
A Kilometers
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Bottom Summer DO

Chesapeake Bay Bottom Dissolved Oxygen:
June-Sept 2014-2023 change

Chesapeake Bay Bottom Dissolved Oxygen:
June-Sept 2023 long-term change*
Susquehanna o Jun-Sep Bottom DO observed 2023
AY o © T
. 4 (,» ~
® S O long-term
A cx it . B short-term
o o _|
v e ®
@ o
v &
y TAIN 5 8-
Patuxent v 2
Yom v 2
Choptank <
’0 V p o) o _|
» * sV e
e v o
PotomaC o ¢
A AN ) Q
& AN
» A VA ®
"4 &1, &
V X * -
Rappa@mnock @ % v © -
A’ ® ol improving no change degrading
A ° Type of trend
v A &, e Significant (p<0.05)
¢ % * o WV Decrease >50%
B o & e ¥ Decrease 0-50%
O York ° A Increase 0-50%
VQJames ¢ @0 A Increase >50%
Ty & A Possible (0.05<p<0.25)
A @
@ * o o 2 Decrease
AO . @ Increase
Trends were compuied using GAM, . + Unlikely (p>0.25)
method in partnership between ‘AA A *
MDDNR, VADEQ, ODU, and CBP. * N o 25 50
isclaimer: o :
Etltspc.l’?\:vrunvivr chesapeakebay.net/terms % A Kilometers
*start dates vary: MD stations 1985 or 1986,
VA mostly 1985 except Elizabeth River 1989.

Susquehanna
WiE
&) ot
® Se*
Y ) O
o
¢ 7 *
*
*
i £ ]
*
Patuxent : *
& &
W . Choptank
P, @ e@'0
@ge) @
ptomac A *
) *
Yo % '1% é
C
*V 81 ¢
@ O ; *-
Rappar%nnock @ ¢ @
® A & 7
) g .
, A C’ Type of trend
o O’ D e PR Significant (p<0.05)
v.* @ o WV Decrease >50%
* 259 o . V Decrease 0-50%
\ 7% York [ A A\ Increase 0-50%
ﬁ)James * PPN A Increase >50%
4 ® & & P Possible (0.05<p<0.25)
VAR © o o @ Decrease
.‘ * @ Increase

Data are from MDDNR and VADEQ. @
Trends were computed using GAM X

* # Unlikely (p>0.25)
method in partnership between C/" * (g)

MDDNR, VADEQ, ODU, and CBP. 9 N 0 25 50
Disclaimer: (‘f A i
http://www.chesapeakebay.net/terms \‘ Kilometers
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Combo conc & trend map ideas

Chesapeake Bay Bottom Dissolved Oxygen:
June-Sept 2023 long-term change*

Susquehanna
A v. @
® S5
" . *
o7
v e
@
W
Vil @
Patuxentv’ A 4
+© DV
o't \V4 Choptank
. * 2@V
v : V.
@0 o ¢
PotomaC v
A @) O
Y 4 81 #
2 &
raoo N @ O
appahannock "4
AN @)
. S
A Type of trend
p = ZL &, % Significant (p<0.05)
¢ VA * o WV Decrease >50%
ﬁ PN W Decrease 0-50%
O.York A Increase 0-50%
V‘James & OCO A Increase >50%
Ty A & e A Possible (0.05<p<0.25)
N * o o @ Decrease
AO . @ Increase
D from MDDNR and VADEQ. .
Tl?t;sdzr?vezenlomputed ir;ing GAM ¢ * * Unllke'Y (p>025)
method in partnership between A A ¢
MDDNR, VADEQ, ODU, and CBP. JAN * N o 25 50
Etlti)‘?.l’?\:irunve\;.chesapeakebay.net!terms % Kilometers

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

We have

separate maps

on

baytrendsmap

that show the

recent average |:>
concentrations

Also, MDDNR
already does
status & trends
on their website
with symbols

Iike:‘

Dissolved Oxygen [mg/L]
GAM: Non-Linear Trend
Layer: Bottom

Period: Full Period
Season: Jun-Sep

Susquehanna
e @ ® N
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(]}
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&
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(6]
o® o
o0 ® ! Choptank
Q o©o ©
g ¢ N o ¢
& tomac o) o
o e e
O O %d). Q
e 0
®.0 ®
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Rappahannock. O O/
o o ' 4
O 5 ® 0 o O
‘.OO ¥ O @
Q2 8 vork ®0e
.James Q. ® o
® ~ O (elee}
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Currentmean @ 021 O (24 O (46 @ (638

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



Combo conc & trend map ideas

Note: this is from last year, for 2022

m One baywide
idea: Scale size
of symbols by
average 2021-
2022
concentration

m For DO, larger
symbols are
smaller summer
bottom DO

Summer Bottom Dissolved Oxygen: 2022
long-term change and recent average concentration

Susquehanr&a
DRAFT: M
Concentration " °A M
and Trends %
Yo
9& O
Patuxent (ﬂ V
o0 A4 Choptank
¢ ¢ 9@V "
'S e
Potomac L 4 <> ¥
A h / O
o A ® 4
0.V 0 ¢
/4 <> . A
Rappahannock \ 4
A O - Symbol Shape:
6 ® ® Type of Trend
Significant (p<0.05)
\ 4 A Q 0
0 A 4 ¢ V Decrease
v‘% O ¢ A Increase
A0 A@® Possible (0.05<p<0.25
] 9. York A o © Decrease
& games V ¢ @ ® |ncrease
90p 0 6 A ¢ Unlikely (p>0.25)
0 <><> ®
A Symbol Size:
) ! 0 Mean '21-'22 summer DO
N 0 © VvV 6.0-8.3mg/L
0 OV 4.0-6.0
OOV 2.04.0

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

OON/ 0.06-2.0




Surface TN flow-adjusted 2023

Surface TP flow-adjusted 2023

2023 SUI I II I la ry =] O long-term o O long-term
@ short-term @ short-term
* Nutrient trends mostly improving over |¢ g
the long-term with some leveling-out |5 g - 3 8
over the short-term. 5 5
« The number of stations with T E =
. . L |9 a8
degrading conditions have decreased o || .
over the short-term for Secchi and 118 s :
chlorophyll a, while DO has different —
patterns in deeper vs. tributary - _ °©
waters. improving no change degrading improving no change degrading
* Overall patterns consistent with last
few years.
° Surface Secchi flow-adjusted 2023 o Mar-May Surface Chlorophyll-a flow-adjusted 2023 ° Jun-Sep Bottom DO observed 2023
o O long-term - O long-term - O long-term
@ short-term @ short-term @ short-term
5 9 8 9 5 g
e @ @
improving no change degrading improving no change degrading improving no change degrading
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More info on GAM approach development and the R package:

* baytrends: Long Term Water Quality Trend Analysis. R package version 2.0.12. https://cran.r-
project.org/web/packages/baytrends/index.htmi

* Murphy, R.R., E. Perry, J. Harcum, and J. Keisman. 2019. https://doi.org/10.1016/].envsoft.2019.03.027



https://cran.r-project.org/web/packages/baytrends/index.html
https://cran.r-project.org/web/packages/baytrends/index.html
https://doi.org/10.1016/j.envsoft.2019.03.027
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Total monitored flow into tidal waters

140,000

7

:

g 2022 in the

$ <— normal range,
: 2023 slightly
E below normal

B 2bove normal streamflow [l Below normal streamflow [l Normal streamflow

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