Chesapeake Bay climate extremes and
variability: a recent past, present, and
near future analysis

Kari Pohl?!
kstlaurent@umces.edu
November 20th, 2015

Victoria Coles?, Raleigh Hood!, Jenny Allen?, Willy Reay3, Jenn Raulin?, Sasha Land?, Sandra Erdle3, Sarah McGuire3, Bob Wood*

lUniversity of Maryland, Center for Environmental Science, Horn Point Laboratory
23Chesapeake Bay National Estuarine Research Reserve-2Maryland and 3Virginia
“formerly NOS/NCCOS, NOAA (currently at Campbell Foundation)



Who: The faces of our team

NOAA*

CBNERR-MD

Jenn Raulin
Sasha Land
Jenny Allen

*now at Campbell Foundation

|

i
{

I 77 | NaTtioNnaL
/ " J ESTUARINE
| 4 ’ \‘R ESEARCH
R ESERYVE
mm———

—————— s S YSTEM

TEE————,

CBNERR-VA
Willy Reay
Sandra Erdle

Sarah Nuss
Ken Moore




“Traditional Research Project” “Our Approach”

= =

Think Tank |
Work Plan

“Charette”
Refined DPSIR
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vearly mean® C

Annual Mean Temperature

1— Maryland 0.10 ® C/decade ( R =0.237) M ea ns VS EXt re mes

— Virginia 0.05 ® C/decade | R =0.077)

| Organisms don’t feel annual means
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They feel extremes and variability
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Climate Extremes Indices

* Intensity: what is the hottest temperature?
* Frequency: how many days were below freezing?
* Duration: How long is the growing season?

SWMP
15 minute frequency
1892 1901 2001 2010 2014 2100
H a d EXZ Area-weighted average v

GCM

. 18 individual weather stations,
G H c N = Da I Iy aggregated as North and South RCP4.5 & RCP8.5




Ecological Applications of Climate Indices

* 1) Percentage of warm days & SAV diebacks

 2) Wet day frequency & annual nitrogen loading
* 3) Warm autumns + cold snaps & brown pelican deaths
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4) Coming soon: extension of GSL with Vibrio probability




ed Aguatic Vegetation: The Highs and Lows

Underwater Bay Grass Abundance
Goal: 185,000 acres

Year

tly Acreage 1]y Estimated Additional Acreage

Virginia Institute of Marine Science; Chesapeake Bay Program, U.S. Fish and Wildlife Service



air temperature { ° C)
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What happens in the air...happens in the Bay

Mean Temperature at Goodwin Island, VA

¢ y=00972652(x)- 0882401

-~ R°=0.82

| — tipping point

water temperature ( © C)

30

Eelgrass gets stressed at temperature >30°C (86°F)

What ATemps are needed to get WTemp to 30°C?

Mean Air Temp
28°C

Range
24 to 33°C



Frequency of warm summer days and nights

%days

When >25% of summer is “extra” warm, we observed declines in SAV populations

Summer exceedances of the 90th percentile

¥ - — Warm Summer Days (TX90p) 34°C
— Warm Summer Nights (TN90p) 23°C
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Frequency of warm summer days & SAV diebacks

Warm Summer Days and Nights Increased Variance
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Future Projections: Continued Increases Expected

TX90p (% of days)
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From Observations to Predictions
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Historical Precipitation Observations

Total Annual Precipitation

—— HadEX2—— MNorth —— South

1900

1920 1940 1960 1980

Year

2000

North: +16.8 mm/decade
South: +5.2 mm/decade
HadEX2: +6.8 mm/decade

Coefficient of variation
significantly increased



Future Projections: Continued Increases Expected
o
g | = North observed — Historical mean model — RCP8.5 mean model - RCP4.
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Rainy Days = Very Wet Days + Moderately Wet Days + Mildly Wet Days
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Wet Day Frequency & Nitrogen Loading in Patuxent River

Wet Days
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Mean Annual Total Nitrogen (lbs/yr)
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Warm autumns + cold snaps & brown pelican deaths

Fall: TX90p (% warm days)/TN10p (%cool nights)
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GSL: The length (in days) that wheat could grow.

Growing Season Length
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The Growing Season has gotten longer

North: +1.7 days per decade
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Summary

* % of warm summer days and nights has increased
* Relationship to major SAV diebacks

* Annual Precipitation has increased
* More very wet days and less mildly wet days
* Wet day frequency linked to TN in Patuxent

* Tendency to get mild autumns
* Cold variability can threaten cold snap events

Climate Change in Chesapeake Bay:
A gaze into the scientific process

SciencePensieve.org

 Climate indices have ecological applications to
inform management strategies




Acknowledgements

Immzfion/' for asbetter ﬁatum

ﬁ

e e
e gy
e S N

University of Maryland
CENTER FOR ENVIRONMENTAL SCIENCE

Chesapeake Bay

' National Estuarine Research Reserve

'Maryland
WILLIAM(MARY
VIRGINIA!TITUTE OF MARINE SCIENCE
SGHOOL OF MARINE SGIENGE




Total Annual Precipitation (mm)
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Initial Work: Return Periods

1901-1955 vs 1956-2010 Return Periods
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Wet Days
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Wet Day Frequency vs Annual Precipitation

If we get 1071 mm precipitation, we can
estimate to have had 20 moderately wet days

Wet Days vs PRCPTOT
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Mean Annual Mitrogen (Ibsfyr)
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o o L AT T ) .
— e -7 O gmm=""" o © o o
””” $ R L S o © " . .
T F = f -] ] e ° L ] - L BN
::::i—’r o L » © o > .0 PRI W SRS W
Ry - S -——CIziFEREESTTTY
L [ ] ¢ - 3 -'-—-.———.—__"'. _____ _:;:;;;-::-=—=--=—='=='—-, »
o —e—— T T - ==:=;:=F=a,¢—=-=-==-_==_ ... o
____ . ._,_-:;=ir€“%=====5!""== .y @ eg® 80" © o
L_co===®==5=57 L] * . o o oo *
=Y . MU e - -3
et - fuf iy sh il -~ ?:é :::Iﬁ:%:::::%:@m__?eﬁ_%__:e_.dp%_e..@,@g__@___.@. ________ .@__,_%_,:,____v _____

—*- Patuxent ( R* =0.23%) —=- James (R*=0.28%) —*= Pamunkey (R®=0.31%) .
- Susquehanna (R =0.27%) —*~ Mattaponi (R =0.30%) —*~ Appomatox ( R”=0.32%)
=== Potomac{ R =0.41%) =a= Rappahannock ( R"=0.94*) == Choptank { R"=0.62% - .
.
. L ] L
™
™ . o __
_ . - . e ——m-TIZZEETIL
* . . e - ——mm T T osizi e
o T -——"" Le==Z=EEFET L
¢ © e g ppmzoTTITETT *
s . e . meeezESEEIEEESTTC .
- . NN St o e oz e
e -G L SRt B 2O % e o
I -7 o o ¥ - % o .

~===9

=TT T

—mm= ==t
a:-“':___

o ———

| | | | |
1200

Total Annual Precipitation (mm)

2.0e+08 3.0e+0B

1.0e+08

0.0e+00

Mean Annual Mitrogen (Ibsfyr)



CDD (days)

CWD (days)

40

30

25

20

15

10

12

10

I\ | )
“| = North observe I p— Illistorical mean model | —— RCP8.5 mean model T RCP4.
—— South observ'p istorical model ensemble —— RCP8.5 model ensemble RCP4.
— ' | ‘ ‘ ' ‘ |
i il ‘ |
| | iy Il |
- Al I [1! ‘ \ | lll ‘ f : l"l
| IR I, 111l | ol ‘ \ il UM
| l]],‘ | [i ‘ ' (‘ ‘ | ‘l' 3 | :‘ ' | | | I l‘ { | : j | ' "‘H ‘\
) “ ;,||.“\ | | 1 ¥ Wi | \ { | ‘I' [ \
_ A & i (118 | ,k"‘ | 'H‘"‘I" | . N 1' ; i l'. ‘l' I
OGS WU AT O AU A ATt i M ) L
1N | | | A | A 8L [ 1171 | Yy l \ | “’ : i v“ ' f
A AN AL AL A ,' TR ' N WA
1 v = \ | ' Y ) \ 1‘._ \
= ‘: ',')(Jv \ ' W F ‘: (“\ ! { i\l \ “ h 1 ‘”; ’ | '“.‘} ' 4
‘ R N SN A .\u N i il S Y
AN R A ! IV T R ke 1) L VR o ‘\t i
I RN A T JRVLE A" (] [ () M Wi [ { A UHY (V[ Wy
1V TRRANT WY AR S (R
ey ( | I ‘ \ vl I\ r‘ I i I | ‘ [
| | I
T T T T T T T
1980 2000 2020 2040 2060 2080 2100
Year
| \ D |
= —  Historical mean model '~ RCP8/5imeanimadel ||| +— Rcpa.

—— North observed
South observed

—

~—— RCP8.5 model ensemble

R20mm (mm)

TN10p (% of days)

. J ‘
e Ty A Y |
| RN (YTEL Y v T | QIS r \ I INGT TR |
I | f A LR D | il {{ |
f [V (riva | (B 1 ' [ il
AL IV T R e "H AV LA
SRR LR Rl | D Lk | \} (th l | !
' ' | | i1 ! I \'
. ! | | (1]
4 | \ [ 1] ' 1 . Al
I I I | | 1 1
1980 2000 2020 2040 2060 2080 2100

30

| = North observed
- South observed

—_ Hlstoncal meéan model
~—— Historical model ensemble

—— RCP8.5 mean model |
—— |RCP85 model ensemble

n —
I | | | | | 1
1980 2000 2020 2040 2060 2080 2100
Year
& 4 — Chesapeake observed —— RCP8.5 mean model ~—— RCP4.5 mean model
—— Historical mean model ~—— RCP8.5 model ensemble RCP4.5 model ensemble

S ﬁistorical model ensemble




Temperature (® C)

32

30

28

26

24

22

20

SAV Diebacks and Warm Temperatures
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Submerged Aquatic Vegetation: The Highs and Lows

2014

Exceedances of 30°C at Goodwin Islands
Month (% of Year (% of
exceedances) exceedances)

Jan 0.0% 1998 2.4%

Feb 0.0% 1999 10.2%

Mar 0.0% 2000 0.4%

Apr 0.0% 2001 3.2%
May 0.0% 2002 12.4%
Jun 8.7% 2003 3.4%
Jul 46.4% 2004 2.6%
Aug 44.9% 2005 20.7%
Sep 0.0% 2006 8.6%
Oct 0.0% 2007 5.8%
Nov 0.0% 2008 2.6%
Dec 0.0% 2009 1.3%
2010 10.6%
2011 7.2%
2012 6.2%
2013 2.5%

0.1%
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Frost Days: The amount of days each year when
the coldest daily temperature is below freezing

Frost Days

—— HadbEX2 — MNorth —— South
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We have seen a decrease in the amount of frost days
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North: -3.3 days per decade
South: -2.8 days per decade
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Tropical Nights: The amount of days each year when the
coldest daily temperature is > 20°C (68°F)

Tropical Nights
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The amount of warm “summer” nights have increased
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R95p: The “extra” rain wet get each year, defined as the
amount of rain >95t™ percentile.

RO5p
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We have seen more precipitation

North: +14.8 mm per decade
South: +2.8 mm per decade

95t percentile in North: 16.1 mm (0.63 in)
95t percentile in South: 16.9 mm (0.67 in)
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The longest warm spell defined as at least 6

Wa r m S p e | | D u rat | O n consecutive days that are hotter than 9 out of 10

th :
Warm Spell Duration Index Changes to 10 percentile

0| HadEX2: +0.7 days
o —— HAD:1981-2010--- HAD:1951-1980
;
\ Changes to 90 percentile

& \ Changes to mean
L]

“ +1.7 days HadEX2: +3.9 days
i
- Changes to mean

Density

HadEX2: +1.7 days
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0.00

0 2 10 13 20 25

Warm Spell Duration Index (days) Significantly Different (p-value <0.05)



Other items of Interest

(You wanted numbers!)

Amean
INDEX HadEX2 GHCNdex North South
Frost Days -3 -5.8 -2.7 -9.3
Summer Days -2.6 0.7 2.5 6.3
Icing Days 0.2 -2.1 -1.8 -0.9
iyl Tropical Nights 3.5 3.9 4.6 9.1
Temperature
Growing Season 8 13.8 12.8 14.1
Warm Spells 1.7 1.8 2.6 2.3
Cold Spells 0 -0.3 0 -0.6
R10mm 1.6 1.5 2 -0.2
R20mm 1.3 1.4 1 0
— CDD -0.7 -0.3 0.6 0.7
Precipitation CE b2 Ok — D1
R95p 14.6 30.8 7.8 -12.7
R99p -8.6 2.6 0 -2.5
PRCPTOT 41 51 40 -13

This is the mean change from 1951-1980
to 1981-2010

These 30 year periods are climate normals
used to assess mean weather.

(Ex. “today is 2° warmer than the average
for October”)

Where highlighted, the change was
statistically significant.



Amean (1951-1980 to 1981-2010)

Index Season HadEX2 GHCNdex North South
Rx5day (mm) Winter 0.6 -0.5 4.2 1.2
the mostrain ¢, jno 4.1 1.8 3.7 0.4
we hot over

5 days Summer -1.6 -0.9 -9.2 1.2

Fall 0.6 1.3 2.6 -0.2
TXx (°C) Winter 1.3 1.1 1.4 1.2
Warmest Spl’lng '01 0 05 03
Temperature  Symmer -0.1 0.2 0.7 0.3
Fall 0.2 0.4 0.2 -0.1
Wint 1.7 1.8 1.2 1.8
TNn (°C) gt
Coldest Spring 0.7 0.7 0 1
Temperature  symmer 1.2 1 0.2 1
Fall 1.1 1.5 0.8 1.6
TN10p Winter -4 -5 -4.9 -4.9
(%days that g g 12 13 1.3 16
were really

cold) Summer -3.6 -2.7 -2.2 -2.3

Fall -1.4 -3 -0.5 -3.4

TX90p Winter 2.6 2.4 2.4 1.8

(%days that g ing 1.4 1.4 1.8 1.2
were really

warm) Summer 0 0.9 2.4 2.1

Fall 1.3 1.4 2 1.9

Other items of Interest
(You wanted numbers!)

This is the mean change from 1951-1980
to 1981-2010 for seasonal indices

These 30 year periods are climate normals
used to assess mean weather.

(Ex. “today is 2° warmer than the average
for October”)

Where highlighted, the change was
statistically significant.
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OQutcomes of Think Tank Il

Climate

Benthic

Identified which habitat ‘story’ to assess
Shallow water

Open bay/Epipelagic

: Salinity
1)Sparks excitement .
] emperature
2)Feasible based on resources/data Agriculture

3)Stakeholder Interest
4)Analysis is immediately useful and impactful



End-user products resulting from partnerships

Identified which habitat ‘story’ to assess

Analytical "story" theme VA MD Total
Climate 4 5 9
SAV 7 5 12
Shallow water 8 8 16
open bay/epipelagic 5 8 13
Marsh 6 4 10
Temperature 7 8 15
Agriculture 8 12 20

Three “chapters” to this project

1) Complete climate analysis
for near-shore Chesapeake

2) Connection to shallow
water environment

3) Ecosystem Service
changes resulting from
wetland changes



Summary

 Temperature changes have manifested stronger than precipitation
changes

* North Chesapeake had more precipitation changes than South
Chesapeake

* Daily minimum temperatures have increased at a faster rate than warm
temperatures

* Variability has also increased in some cases



