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•
The C

B
P is developing the tools to quantify the effects of clim

ate 
change on C

hesapeake w
ater quality standards

through changes 
in w

atershed flow
s and loads, storm

 intensity, estuarine 
tem

peratures, sea level rise, and ecosystem
 influences including 

loss of tidal w
etland attenuation w

ith sea level rise. 

•
C

urrent efforts are to fram
e initial future clim

ate change 
scenarios based on estim

ated 2025 (short term
), 2035 (m

oderate 
term

), and 2050 conditions (long term
) by the close of 2019.

•
W

e should also keep in m
ind the potential long-term

 task of 
developing a 2025 N

ext G
eneration M

odel to support C
B

P 
decision m

aking in 2025.  The sequence of a 2019 and 2025 build 
of a C

B
P clim

ate change analysis provides the opportunity of 
considering foundational strategic investm

ents for 2019. 

T
he 2019 C

B
P C

lim
ate C

hange A
ssessm

ent



changes in C
O

2



A
pproaches, M

ethods, 
and Findings from

 the 
W

atershed
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For the analysis of clim
ate change in the C

hesapeake w
atershed, 

the prim
ary com

ponents considered are precipitation volum
e, 

precipitation intensity, tem
perature, and evapotranspiration w

ith 
an additional consideration to C

O
2 concentrations.

A
nalysis of C

lim
ate C

hange in the C
hesapeake W

atershed

O
verall, increased precipitation volum

es and intensity are 
estim

ated to increase nutrient and sedim
ent loads from

 the 
w

atershed in 2025, 2035, and 2050 com
pared to 1995.

H
ow

ever, increased future tem
peratures substantially am

eliorates 
the effect of estim

ated increased precipitation volum
e in the 

w
atershed through evapotranspiration.

C
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The trends in annual precipitation on a county level w
ere developed through the application of PR

ISM
 data 

and analysis provided and recom
m

ended by Jason Lynch, EPA
, and K

aren R
ice, U

SG
S.  The annual PR

ISM
 

dataset for the years 1927 to 2014 (88 years) w
ere used in for the regression trend analysis. For the analysis 

PR
ISM

 data w
ere first spatially aggregated for each Phase 6 land segm

ents.  The Phase 6 land segm
ents 

typically represent a county.  For each land segm
ent a sim

ple linear trend w
as fitted to the annual rainfall 

dataset. For the 2025 C
lim

ate C
hange Estim

ate:

Annual rainfall volum
es for the 88-year period linear regression lines are show

n in red for the tw
o land 

segm
ents (counties) –

(a) Centre County in Pennsylvania and (b) District of Colum
bia.  The values for the 

slope of the regression lines, and the corresponding 30-year projections in the rainfall volum
e (1995 to 

2025) are also show
n.

Source: Section 12 of Phase 6 Docum
entation

C
hesapeake B

ay Program
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(b) District of Colum
bia

(a) Centre County
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1940-2014 stream
flow

 trends based on observations

The study analyzed U
S

G
S G

A
G

ES
-II data for a subset of H

ydro-C
lim

atic 
D

ata N
etw

ork 2009 (H
C

D
N

-2009).

A
nnual average percent change w

ere calculated using S
en slope (H

elseland H
irsch, 2002).

Lins, H
.F. 2012. U

S
G

S
 H

ydro-C
lim

atic D
ata N

etw
ork 2009 (H

C
D

N
-2009). U

.S
. G

eological S
urvey Fact S

heet 2012-3047. https://pubs.usgs.gov/fs/2012/3047.
Helsel, D.R., and R.M

. Hirsch. 2002. Statistical m
ethods in w

ater resources. Techniques of w
ater resources investigations, Book 4. Chap. A3. U

.S. Geological Survey. https://pubs.usgs.gov/tw
ri/tw

ri4a3.

U
.S

. E
nvironm

ental P
rotection A

gency. 2016.
C

lim
ate change indicators in the U

nited S
tates, 

2016. Fourth edition. E
PA 430-R

-16-004. 
w

w
w.epa.gov/clim

ate-indicators.
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iverine discharges to C
hesapeake B

ay: A
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 (1927 -2014) records and im

plications for 
future flow

s in the C
hesapeake B

ay basin JEM
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O
bserved changes in rainfall intensity in the C

hesapeake region over the 
last century.  T

he equal allocation distribution (blue) is contrasted w
ith 

the distribution obtained based on observed changes (red).  

S
ource: G

roism
an et al. 2004

Trends in O
bserved R
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C
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A
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C
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 projections from
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w
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N
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Tem
perature

trends
forthe

six
C

B
P

 states

15

N
Y
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D
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N
OAA N
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aticData

Center
https://w

w
w.ncdc.noaa.gov/tem

p-and-precip/state-tem
ps/

Annualtem
perature

for
1895

to
2015

are
show

n.

Approx.increases 
overthe

last30
years 

based
on

the
trend

line
are show

n.
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(a) Relative change in estim
ated change in potential evapotranspiration due to change in tem

perature is show
n 

from
 different m

ethods.  It show
s tem

perature alone can introduce considerable differences in estim
ation of 

potential evapotranspiration w
ith the selection of m

ethod. (b) Estim
ate of percent changes in potential 

evapotranspiration 

a
b

Estim
ated potential evapotranspiration
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(a) Relative change in estim
ated change in potential evapotranspiration 

due to change in tem
perature is show

n from
 different m

ethods.  It 
show

s tem
perature alone can introduce considerable differences in 

estim
ation of potential evapotranspiration w

ith the selection of 
m

ethod. (b) Estim
ate of percent changes in potential 

evapotranspiration 

a
b

Estim
ated potential evapotranspiration

C
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E
stim

ated Flow
 and Sedim

ent L
oad from

 the 2025 and 
2050 C

lim
ate C

hange Scenarios

W
e’ve had the advantage of being able to sort the various 

elem
ents of the clim

ate change challenge into “big 
problem

s” and “little problem
s”.  For exam

ple stom
atal 

resistance is a little problem
, but evapotranspiration is a 

big problem
. 
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E
stim

ated N
itrogen L

oads from
 the 2025 and 2050 C

lim
ate 

C
hange Scenarios
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E
stim

ated Phosphorous L
oads from

 the 2025 and 2050 C
lim

ate 
C

hange Scenarios
C
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ay Program
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A
pproaches, M

ethods, 
and Findings from

 the 
Tidal B

ay
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Estim
ates of the influence of sea level rise, increased tem

perature of tidal 
w

aters, and tidal w
etland loss w

ere incorporated into the W
ater Q

uality 
and Sedim

ent Transport M
odel (W

Q
STM

) of the tidal B
ay (C

erco and 
N

oel 2017).  G
uidance for increasing levels of regional sea level rise 

based upon global tide gauge rates and regional land subsidence rates 
cam

e from
 the C

lim
ate R

esiliency W
orkgroup C

RW
G

).  Specifically, the 
C

RW
G

 recom
m

ended that sea level rise projections for 2025 be based on 
long term

 observations at Sew
ells Point, VA

 (0.17 m
) and that a range be  

used for 2050 (0.3 -0.8 m
) be applied in the 

W
Q

STM
.  The approxim

ate m
edian of the 2050 

range  (0.5 m
) w

as used for initial sim
ulations.

A
nalysis of C

lim
ate C

hange in the Tidal B
ay

C
hesapeake B

ay Program
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O
verall, higher tem

peratures and loads from
 the w

atershed 
increases hypoxia in the tidal B

ay.
H

ow
ever, increases in sea level rise, salinity increases at 

the B
ay m

outh, and increased w
atershed flow

s all increase 
estuarine gravitational circulation w

hich in turn decreases 
estim

ated hypoxia in the C
hesapeake under estim

ated 2025 
and 2050 conditions of sea level rise and 
w

atershed flow
s.

A
nalysis of C

lim
ate C

hange in the Tidal B
ay

C
hesapeake B

ay Program
Science, Restoration, Partnership



From
 P

arris, A
. et al. (2012). G

lobal S
ea Level R

ise S
cenarios for the U

nited S
tates N

ational C
lim

ate A
ssessm

ent. 
N

O
A

A Technical R
eport O

A
R

 C
P

O
-1. N

ational O
ceanic and A

tm
ospheric A

dm
inistration, S

ilver S
pring, M

aryland. 

Follow
ing the recom

m
endations of the CBP Clim

ate 
Resiliency W

orkgroup, 0.5 m
, 0.3 m

 and 0.17 m
 of sea 

level rise w
ere estim

ated for 2050 m
oderate, 2025 high, 

and 2025 m
oderate, respectively (com

pared to TM
DL 

baseline of 1995 SL, i.e., m
id 1991-2000).

2050, 0.5 m
2025, 0.3 m

2025, 0.17 m



A
ssessm

ent of Influence of 2025 C
lim

ate C
hange in the 

Tidal B
ay

•Increased salinity in B
ay

•Increased up-estuary salt intrusion
•C

hanges in stratification
•Increased gravitational circulation
•Increased salinity at ocean boundary

From
 the Literature -R

esponses to Sea Level R
ise:
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This w
ork used the D

raft Phase 6 W
atershed M

odel and W
Q

STM
 to provide an initial estim

ate of relative 2025 and 2050 hypoxia under 
different tem

perature, sea level rise, and w
atershed flow

 and load conditions.  W
e need to run the analysis on the final W

atershed and 
W

Q
STM

 m
odels. Cubic Kilometers of Hypoxia

B
ig problem

s and little problem
s:  Increased gravitational circulation, w

atershed loads, 
and tidal w

ater tem
perature are big problem

s, but increased flow
s into the B

ay and 
changes in atm

ospheric deposition are little problem
s. 





• The extent from
 N

ational 
W

etlands Inventory is 
determ

ined largely from
 

vegetation perceived via aerial 
photography.

• 190,000 hectares of estuarine 
(green) and tidal fresh (red) 
w

etlands.

•
A

 tidal w
etlands m

odule is now
 

fully operational in the W
Q

STM
. 

The m
odule incorporates 

functions of sedim
ent and 

particulate nutrient  rem
oval 

and burial, denitrification, and 
respiration. The loss of w

etland 
function due to sea level rise and 
inundation w

ill be accounted for 
explicitly.

C
h

esap
eake B

ay T
id

al W
etlan

d
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Source: C
arl C

erco, U
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D
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2025 Projections for C
hesapeake B

ay W
atershed30

The central tendency of rainfall volum
e increase 

projections based on the 31 m
em

ber ensem
ble 

m
edian, P50, m

atches w
ell w

ith the extrapolation 
of P

R
IS

M
’s 88-year trends.

The rainfall uncertainty bounds (P10 and P90) of 
the ensem

ble m
em

bers are quite large.

The central tendency of the tem
perature increase 

is potentially bit higher.

C
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U
ncertainty quantification
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-0.22

-1.6%
-0.15

-1.8%
P10 Rainfall, CO2, P10 Tem

perature
-478.34

-18.3%
-36.01

-18.3%
-3.04

-21.9%
-2.15

-25.6%
P50 Rainfall, CO2, P50 Tem

perature
157.25

6.0%
16.44

8.3%
2.13

15.3%
1.36

16.2%
P90 Rainfall, CO2, P90 Tem

perature
966.74

36.9%
362.81

183.9%
81.80

588.3%
18.41

219.3%

Year 
2025

Year 
2050

Flo
w

N
itro

ge
n

P
h

o
sp

h
o

ru
s

Se
d

im
e

n
t

U
ncertainty estim

ates for the clim
ate change scenarios for the year 2025 and 2050. Change show

n 
are difference in average annual delivery over the 10-year average hydrology period.

C
hesapeake B

ay Program
Science, Restoration, Partnership



C
B

P M
anagem

ent 
D

irection and 
STA

C
 G

uidance

C
hesapeake B

ay Program
Science, R

estoration, Partnership



The C
B

P’s Scientific and Technical A
dvisory C

om
m

ittee 
(STA

C
) has conducted several assessm

ents of clim
ate 

science and has recom
m

ended processes to integrate 
consideration of clim

ate change into the B
ay Program

’s 
m

anagem
ent fram

ew
ork (D

iPasquale 2014; Johnson et al. 
2016; Pyke et al. 2008; Pyke et al. 2012; STA

C
 2011; 

W
ainger 2016; B

enham
 2018). 

In addition, three STA
C

 Peer R
eview

s (C
hesapeake B

ay Program
 Partnership’s C

lim
ate C

hange A
ssessm

ent 
Fram

ew
ork and Program

m
atic Integration and R

esponse Efforts (2017), the Phase 6 W
atershed M

odel (2017) and the 
W

ater Q
uality Sedim

ent Transport M
odel (2017)) guided m

uch of the data, m
ethods and m

odeling techniques of the 
M

idpoint A
ssessm

ent m
odeling effort. 

R
ecom

m
en

d
ation

s from
 S

T
A

C



STA
C

’s peer review
s and w

orkshops on the assessm
ent of clim

ate change 
in the C

hesapeake w
atershed and B

ay has m
ade a substantial contribution 

to the C
B

P as part of STA
C

’s essential ongoing advice on the state of the 
science in this field, and particularly w

ith respect to w
atershed and coastal 

w
ater restoration in the C

hesapeake region.  O
ngoing, long-term

, technical 
and strategic support by STA

C
 for C

B
P decision m

aking on clim
ate change 

going forw
ard

provide im
portant guidance going forw

ard.  Specifically, 
there is a need for deeply collaborative w

ork am
ong C

B
P technical 

m
anagers (C

lim
ate R

esiliency W
orkgroup, M

odeling W
orkgroup, W

Q
G

IT, 
W

SW
G

, etc.) and the C
B

P scientific com
m

unity (STA
C

) to effectively 
achieve the policy m

akers (PSC
) goal of the first inclusion of clim

ate 
change m

anagem
ent in the C

B
P by 2022.

R
ecom

m
en

d
ation

s from
 S

T
A

C
:



The Principal Staff C
om

m
ittee (PSC

) in D
ecem

ber 2017 directed the C
B

P, through the 
M

odeling and C
lim

ate R
esiliency W

orkgroups, to direct im
m

ediate efforts tow
ard a 

m
ore refined analysis of clim

ate change influence on C
hesapeake w

ater quality, to be 
delivered as a com

plete and fully operational m
odeling system

 by the close of 2019. 

M
an

agem
en

t A
ction

s on
 C

B
 C

lim
ate C

h
an

ge:

PSC
 D

ecisions of D
ecem

ber 2017 
U

nderstand the Science -A
ddress the uncertainty by docum

enting the current understanding of the science 
and identifying research gaps and needs:
-D

evelop an estim
ate of pollutant load changes (N

, P, and S) due to clim
ate change conditions [so that] 

starting w
ith the 2022-2023 m

ilestones, [the C
B

P w
ill] determ

ine how
 clim

ate change w
ill im

pact the B
M

Ps 
included in the W

IPs and address these vulnerabilities in the tw
o-year m

ilestones.
-D

evelop a better understanding of the B
M

P responses, including new
 or other em

erging B
M

Ps, to clim
ate 

change conditions.
-In 2021, the Partnership w

ill consider results of updated m
ethods, techniques, and studies and revisit 

existing estim
ated loads due to clim

ate change to determ
ine if any updates to those load estim

ates are needed.
-Jurisdictions w

ill be expected to account for additional nutrient and sedim
ent pollutant loads due to 2025 

clim
ate change conditions in a Phase III W

IP addendum
 and/or 2-year m

ilestones beginning in 2022.





The U
pcom

ing 
C

lim
ate C

hange 2.0 
STAC

 W
orkshop 

C
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questions to be addressed at the upcom
ing STAC-

sponsored “Clim
ate Change 2.0” w

orkshop, 

A
 tw

o-day w
orkshop that w

ill bring together experts in clim
ate change, 

estuarine, and w
atershed sciences to undertake a detailed and focused 

exam
ination of the current results of the C

hesapeake B
ay Program

’s (C
B

P) 
M

idpoint A
ssessm

ent clim
ate change m

odeling efforts, assess lessons-
learned, and recom

m
end next steps. The goal of the w

orkshop is to develop 
recom

m
endations for new

 and/or refined m
ethods and m

odeling techniques 
to be com

pleted and fully operational by 2019 that w
ill assess future im

pacts 
of projected clim

ate change on w
atershed loads and estuarine processes, 

including the m
ethodology for developing jurisdiction-specific nutrient 

pollutant loads due to 2025 clim
ate projections.

STA
C

 W
orkshop: C

hesapeake Bay Program
 C

lim
ate C

hange M
odeling 2.0



●
H

ow
 does the C

B
P W

atershed M
odel (W

SM
) and W

ater Q
uality Sedim

ent Transport M
odel 

(W
Q

STM
) response to future clim

ate forcing com
pare to other com

parable m
odeling efforts and 

fram
ew

orks?
●

W
hat additional or different clim

ate change approaches and m
ethods should be incorporated 

into the W
SM

 and W
Q

STM
?

●
H

ow
 can C

B
P m

odeling efforts account for potential im
pacts of larger landscape-level changes 

(e.g., changes in land use or agricultural system
s) on nutrients and sedim

ents loads?
●

W
hat ranges of inputs should be used for the W

Q
STM

 for w
ater colum

n tem
perature and ocean 

boundary changes?
●

H
ow

 does the relative rate of increasing precipitation, tem
perature, and sea level rise influence 

C
hesapeake w

ater quality in 2035, 2050 and other future years? In other w
ords, are trends in the 

im
pacts of clim

ate change increasing or changing going forw
ard beyond 2025?

●
W

hat new
 and/or refined m

ethods and m
odeling techniques could be used to better assess 

projected im
pacts on w

atershed loads and estuarine im
pacts for a range of future scenarios?

●
W

hat im
provem

ents could be m
ade to the m

ethodology used to develop jurisdiction-specific 
nutrient pollutant loads due to 2025 clim

ate change conditions and beyond?
●

W
hat are the rem

aining research gaps and highest priority inform
ation needs (e.g., data, 

research, m
odeling m

ethods and techniques, program
m

atic efforts)? 

W
orkshop Q

uestions



Supplem
ental 

Slides

C
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Thoughts O
n Potential N

ext Steps and Future Synthesis A
ctivities

C
lim

ate change is a m
ultigenerational challenge for the C

B
P. The 

C
B

P needs a better road m
ap to help plan w

hat’s ahead
.

•
For the synthesis think in “out-there long-stretch term

s. (The 2019 die has largely already been 
cast.)

•
W

hat about longer grow
ing seasons and increased double crops?  H

ow
 w

ill 10,000 farm
ers in 

the C
hesapeake w

atershed respond to clim
ate change conditions

•
H

ow
 about the tim

e w
e estim

ate w
e have to respond to the loss of C

B
 tidal w

etlands?  Should 
w

e use that tim
e to prepare?

•
The need for w

ork on co-benefits:
-W

Q
 response to C

C
 and im

proved flood control
-W

Q
 response to C

C
 and better ecosystem

 restoration/protection
-W

Q
 response to C

C
 and better storm

 surge m
anagem

ent
-W

Q
 response to C

C
 and infrastructure im

provem
ent/protection



A
ccounting for C

lim
ate C

hange
• D

ecision: The P
S

C
 agreed to the follow

ing language laying out how
 and w

hen the jurisdictions’
P

hase III W
IP

s w
ould address clim

ate change narratively and num
erically:

Factoring C
lim

ate C
hange C

onsiderations into the P
hase III W

atershed Im
plem

entation P
lans

1. Incorporate C
lim

ate C
hange in the P

hase III W
IP

s
Include a narrative strategy in the P

hase III W
IP

s that describes the state and local jurisdictions’
current action plans and strategies to address clim

ate change and com
m

it to adopting clim
ate

change targets by 2021, em
ploying the P

artnership’s suite of m
odels that factor in clim

ate
change and other relevant local inform

ation. A
cknow

ledging the challenges that lie ahead,
reference the prelim

inary m
odeling estim

ates attributable to clim
ate change by 2025 to be

roughly an additional 9 m
illion pounds of nitrogen and 0.5 m

illion pounds of phosphorus

S
ource:  https://w

w
w

.chesapeakebay.net/channel_files/26045/actions.decisions_final_03.02.18_clean.pdf

Principals’ Staff C
om

m
ittee M

eeting M
arch 2, 2018 Final 

A
ctions/D

ecisions on C
lim

ate C
hange



2. U
nderstand the S

cience
• B

y refining the clim
ate m

odeling and assessm
ent fram

ew
ork, continue to sharpen the

understanding of the science, the im
pacts of clim

ate change, and any research gaps and needs.

• D
evelop an estim

ate of pollutant load changes (nitrogen, phosphorus, and sedim
ent) due to

2025 clim
ate change conditions.

• D
evelop a better understanding of B

M
P responses, including new, enhanced and resilient

B
M

P
s, to better address clim

ate change conditions such as increased storm
 intensity.

• In M
arch 2021, the P

artnership w
ill consider results of updated m

ethods, techniques, and
studies and refine estim

ated loads due to clim
ate change for each jurisdiction.

• In S
eptem

ber 2021 jurisdictions w
ill account for additional nutrient and sedim

ent pollutant
loads due to 2025 clim

ate change conditions in a P
hase III W

IP addendum
 and/or 2-year

m
ilestones beginning in 2022.

• S
tarting w

ith the 2022-2023 m
ilestones, the P

artnership w
ill determ

ine how
 clim

ate change
w

ill im
pact the B

M
P

s included in the W
IP

s and address these vulnerabilities in the tw
o-year

m
ilestones. 

S
ource:  https://w

w
w

.chesapeakebay.net/channel_files/26045/actions.decisions_final_03.02.18_clean.pdf

Principals’ Staff C
om

m
ittee M

eeting M
arch 2, 2018 Final A

ctions/D
ecisions on 

C
lim

ate C
hange


