Pathogens, HABS, A
Swine Flu
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Partners

UMCP: J. Strack, M. Bala Prasad, C. Anderson, A. Sood, G.
Constantin de Magny, K. Mohan

NOAA: C. Brown, H. Meng, F. Alkkman

HPL: W. Long, V. Coles, E. North, R. Hood, M. Li
UMIACS: D. Zotkin, A. Varshney, R. Duraiswami, B. Vasan
SPH: A. Sapkota

NASA: G. McConaughy, M. Seablom, H. Mitchell

NCSU: L. Pietrefesa, M. Zhang

NOAA Oxford Lab: B. Wood, X. Zhang, J. Jacobs

EPA: G. Shenk, L Linker

DNR: C. Wazniak, B. Michael, P. Tango

Future

Users, Superusers, Governments, People
Partners



( Rl IN Responding to User Needs
E-F.l% DATA, MODELING AND PREDICTION INTC GOVERNM AND BUSIMESS DECISION-MAKING

Forecast tools for decision-malers within

critical time horizons

Goals specified by customers in both private
and public sectors and designed for decision

support

Intended to fill critical unmet national objectives
— a national network that integrates the
strengths of government, industry and academe
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Global ESMs for global issues (IPCC negotiations) but regional ESMs for
adaptive management, learning-by-doing, and participatory decision-making for

sustainability

: Global Earth System

Global Climate
. Change Impacts

Governance for
Sustainability

uonebin

Earth System Monitoring Adaptation
! |
Earth System | Socioeconomic

=  Development

Paths

Murtugudde 2009



Regional Specificities: LEK
‘o Know the USER

oNear-Real Time Applications:
Nowcasting and forecasting
of the Bay circulation,
ecosystem, pathogens,
harmful algal blooms, waves
and inundation.

o Climate Projections:
Estimating effect of climate
change, between now and
2050, on the health of the

Bay and its watershed.
oProvide a decision .. e
making tool for users R o sen T M

Image provided by the SeaWiFS Project, NASA/Goddard Space Flight Center and




Working with the users

“P{lot Applications of the Chesapeake Bay Forecast System:
Fofecasting Future Drinking Water in an Urbanizing Warmer
d!’

PP y to forecast how changes in climate can influence the
transport of nutrients, metals and Pathogens, and serve as a resource
for water quality managers and decision makers

A habitat suitability forecasting model for Chesapeake Bay’s
striped bass population

= Produce and validate a forecast model of striped bass recruitment using
output from the CBFS

Pilot User Collaboration for Harmful Algae Forecasts in MD
Chesapeake Bay

= Model skill for HABs, and to refine the habitat suitability model.

Chesapeake Community Modeling Program proposal for CBFS
applications

= Work in coordination with various Chesapeake Bay watershed groups
and River Keepers.

Proposal to be a Pilot Application of the Chesapeake Bay Forecast
System

= Integrate climate data focused on climate change and variability at
seasonal-to-decades scale generated by the Chesapeake Bay Forecast
System using the IPCC land use scenarios created by various aroups.



Old Paradigm: CTB can start the two-way
communication with regional modelers to

TIMESCALE: Days to weeks
PREDICTABILITY: - < 2 weeks

"Weather”

Years to decades
1-2years

Large-scale patterns
of climate variability

l

Oceanographic
conditions

l

Harmful algal blooms

l

Human health

Decades to centuries
Years to decades?

Climate change

Temperature (°QC)

20

15+

101

hange to the new paradigm

Sea surface temperature
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CTB-Co m munity D o

v | *Heat — cold related
e MOrbidity and mortality

Regional Weather “hellel Selegtens *Extreme weather-related

*Contamination =555 e
=252 morbidit
Changes pathways Y
+Heat Waves -Airﬁ?rne allergens and
pathogens
*Extreme weather - :

: == Transmission dynamics == , 1
Climate y Water and food-borne
Change *Temperature diseases

*Humidity -Agro-ecosystems -%j?so;aostg:sand vector-borne
*Hydrology

*Precipitation

*Food and water shortage
*Vegetation changes effects

| *SOCiOECONOMICS
*Demographics ‘ *Mental, nutritional, infectious

A : and other health effects

A

Health-specific
Adaptation measures

4 -
Research Needs =l e o w—"
S sssssssmns adaptatlon

Patz et al. 2004
Murtugudde 2009




Genotype

Allelic diversity
Metabolic pathways
Functional guilds
Regulatory elements

Phenotype
Physiclogy
Genetics

Regulation

]
An ideal research
Problem for the
campus but can
be transitioned to
OperatlonS: Will Environmental variability
CTB Only do Community composition
physical climate o e ancy  Bowler etal. 2009, Nature

In the Coming Biogeochemistry

years? Community dynamics
Ecosystem response



Computational social science: How
things spread

Coconlithophorid 0
phytoplankton
Charge of stage
Dipleid, Hapleid, motile and
non-motile wirus resistart
'Cheshire Cat' effects on phytoplankton
Aozessory gene exprassion
Incyanobaderia
Niche expansion,
new metabolisms
Herizortal Horizontal
gene trangfer ' gene transfer
GTAs Eukarvotic Phage
viruses
Bacterial mortality

CTB: Environmental connectivities! @

‘Red Queen’effects on phytoplankton
through predator-prey interactions

Vespignani et al. 2009 Rohwer and Thurber 2009




DNA sequencing technology snapshot

Sanger
sequencing
CE analysis

/

DNA

N\

amplification

Sequencing by
synthesis

Linearize the DNA

Ligase stepwise
synthesis

Jakupciak and Colwell
2009

i any,

\
J o
Nucleic acids
sampled
from
microorganisms

Bacteria
and plankton

Hybridization
Pyrosequencing
synthesis

Nanopore
detection

Ecogenomic sensor
of microbial
metagenome

\/

A\ J
Informatics platform

\ 4
Understanding of microbial activity

]

%\@
AN ’} \D
T Flagellat

fa o Yo o
o o
e  Thes
Bacteria Cyanobacteria
Archaea Cyanophage ——»

Ecosystem functions

iatoms
Dinoflagellates

Ciliates

Viruses ¢

Methane |
metabolism

Nature 2009

Community metabolism



Eventually CTB will work
towards including natural-

e human system interactions.
Ty g
A 0 " (REAT

T IMHh?TEL‘r"
| I:J‘I]HF'I'EI{ Rosnay 1979



CTB for data-model
synthesis

CFS Reanalysis, OSSEs.
Learning by doing.



Meteorological and air-quality data: CTB-Climate
Services-Optimized data gathering with web of sensors

'.H'."‘. \"‘ll-!\-ll:lll ||I' - |I. Ly
-

"'i? | Changes in Climatic
Conditions
Historical Data

Air pollutants
(PM, 03)

I

Empirical Models

Climate Prediction
(CBSF regional
downscaling/ IPCC
AR4 Scenarios)

=)

Outcome 2: Prediction of
Asthma Morbidity for
Chesapeake Bay Area

Outcome 1: Quantitative
estimates on impact of
climate change on asthma
morbidity observed in the US




L EK Reg | O N al CTB S ‘ - for the Chesapeake Bay Watershed
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"l Marsh Grass Distribution

Historical Trends in Forest Cover

/

\\\\ L

N /

N\ A

1650 1700 1750 1800 1850 1900 1950 2000
Figure 6-1. After bottoming out in the early 1900s,

foresl cover regained acreage throughout much of the
last century. Recent decades show a slight decline.
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Population Growth in
the Chesapeake Bay Whatershed
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Figure 2-1. Since the beginning of the last century,
population levels have shown a steady increase in the
Bay watershed. Experits predict that numbers will
continue to rise through the next three decades.



'Fisherman's Disease' afflicts association head
June 27,2008 Regional CTBs: Reqgional Specificities, Predictability

Ken Smith, a leader in the fight to clean up the Chesapeake Bay and its watershed, has been hospitalized
with a serious vibrio infection commonly known as "fisherman's disease” and believed to be directly
related to contaminated marine life and polluted water.

Smith, president of the Virginia Waterman's Association, was admitted on June 14 to Rappahannock
General Hospital in Kilmarnock, suffering from a high fever and a badly swollen right arm.

"This reaffirms our belief, as watermen, that the continuing degradation of the Bay and its tributaries has
reached the point that it is imperative that dramatic measures must be taken to improve the estuary's
water quality,” Smith said June 25 from his hospital bed.

Smith said he believes he contracted the vibrio disease on Tuesday when he scratched his arm while
emptying a crab potin Totuskey Creek off the Rappahannock River. He washed the wound, he said,
but it became infected soon after.



LEK: Adding Value

Sea Nettles

= Human Pathogens
= Anoxia

= Insect Infestation

= Personalized-Preemptive-Predictive Health
Information

= Sea level rise, inundation, storm-surge

= Future scenarios for Policy, Agriculture,
Population, Health of the Bay




Dynamic Downscaling: Scales that
Qﬁtter — Regional CTBs, multi-models

- Climate information at meter-scale

What are the rivers and streams
carrying?

Water quality, ecosystems, crabs,
clams, sea grasses, oxygen.

Agriculture, livestock, poultry,
eutrophication




2-m Air Temperature (°C) / 10-m Winds (m/s . . .
Initial EWHHI:_W:W:W UTCS"JHIiz 2009-09-16_06:00:00 LITC( ) ngh reSOIUtlon WIndS!

BO*W Ta"W T6"W T4 W 70w

temperatures, humidities,
raidation, etc. have users
from the aviation, public
health, solar and wind-
energy, recreational
boating, etc. Designer
—#  forecasts for day 8 and
—%  peyond are possible.

= =" How to depict

—1* uncertainties and skill for
— " users from a wide variety
of needs and tolerance
levels?

40°N

36°N

34N

20-member ensemble mean forecast of temperatures and winds.



Monitoring waterbodies and forecasting not only sediment and nutrient
loadings but pathogen loading will be crucial. DOABLE and In Great

Demand. Regional CTBs can bring regional users/super-
uiér

Rappahannock Basin Rainfall Rappahannock Basin Air Temperature

mm/day

Sep17 Sep20 Sep23 Sep26 Sep29 Sep17 Sep20 Sep23 Sep26 Sep29

20-member ensemble forecast of daily rainfall and temperature in the
Rappahannock Basin. Heavy black line shows the ensemble mean.



Projected 2047 daily precipitation anomalies
superimposed (left) on 1995 observed daily precipitation
(mm) (right): Smart growth, RGGls, Adaptation.

JAN 1995 JAN 2047
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Regional CTBs: Adaptive, sustainnable, participatory
decision-making, learning by doing, what-if scenarios.

Legeed Land Use in the
E___--}zgf: Chesapeake Bay Watershed
I e
= On a 30 m square! é:w
= Soil look up tables, —
manure/fertilizer — i
applications, water P
Wlthdrawalg, crop types, |
wetlands, riparian =
B s
buffers, forests, Best -
Management Practices |Emoe
[ canr
= Data from EPA, USGS, oo
DNR, MDE, USDA FE{SE::L
= Can provide details Y
. [ ] urnmD
needed for effective - -0
policy and management |==... il .
B e ————




Most useful, data-intensive, laborious but most relevant

Rappahannock River Sediment (tons) Brecipitatiommm/day

Rappahannock River Flow (m"3/s) [BEIIETLrere Procstaton

Precipitation
mimiday

7/1/09 | 7/1/09 !
e
Ensemble Forecast of Rappahannock Avrg Monthly Flow Probability of Mon. Flow Forecast
SON 2009 '
200 in Relation to Historical Mean
101-year obs mean -0t 100
180 Y ble f 80 Negative probability means
160 T e_nsem e forecast 60 | the forecast is lower than
uol T single member forecast “_‘_' "’, e renm s ToE
. ’ = 40
. 120 e X
2 ) < 20 -
S 100 P o >
S 80 g a = 07
i ) a 1
< 20
2 -40
O -60 -
-80 1
-100
Month

Below normal stream flow for the coming months: Impact on the Bay?



Coastal CTBs: Two-way Nesting? Land-Ocean-
ecQsystem services-habitat restoration.

/_;:\_\precipnaﬁon
==

& Heat Flux

River Flow
nd Load

Atmospheric Deposition ﬁﬁ
and Ventilation =—""Currents

Tidal Harmonics

Conditions at Bay's Mouth

* Near-real time water level

» Climatological vertical profiles of
temperature, salinity, and NOg,
PO,, O, concentrations
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An End-to-End Early Warning System: Can we provide
reliable early warning? Multi-user interfaces, natural-
humlan system interactions, socio-economic CTBs?

. ] )
Seasonal Climate Forecasts
Prob(bloom) 1990 -1 " e vy ™ b
40 T T T r
395+
39r
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37r
3651

36 | I
-77.5 =77 -76.5 -76 -75.5 =75




Predictability of biogeochemistry and ecosystems: R20 —
Ecosystem CTBs?

DO (mg/L) of 02-Sep-2009

Strined Bass Index of 02-Sep-2009 A 14
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How to consider sustainable-green methods
and adaptation in CTB?

lryponds (detention) and

Wetponds (retention)
Grass Swales

Permeable Pavers
Storm Gardens

Be Made Worse by Global Warming

s i i

Drought Frederick, Montgomery, Howard,
Carroll, Baltimore City and County,
Harford, Cecil

Extreme Heat Baltimore City

Flash/River Flooding  Frederick, Allegany

Thunderstorm Frederick, Montgomery, Anne Arundel
Tornado Frederick, Anne Arundel

Winter Weather Garrett

Tidal/Coastal Dorchester, Worcester

Flooding

Tropic Cyclone Somerset, Worcester




CTB interactions with policy makers

Annual Runoff

Inches

B Residential

83 Commercial

1990 1992 1994 1996 1998 2000 2002 2004 2006

Residential Community: Annual Load

30

25

20

Poundsi1g
B WVinter/Fall

10 0O Spring/Summer

1990 1992 1994 1996 1998 2000 2002 2004 2006
Years




i Chesapeake Bay Forecast Tool Main Window

Chesapeake Bay Forecast Tool

Set the region

Time Scale

| 0 menths
| 201 years

Output Variables

[ | Sealevel

[ | Storm surge

[ | Land coverage
[ 1Fish / Crabs

[ | Air quality

[ 1 Winds

[ | Precipitation

Input Variables
i Population density
) CO2 pollution

! Hiflow prognosis

Decision-making under CTB

Compute

Phosphorus
Oxygen
Nitrogen

[ | Temperature
[ | Salinity

[v] Algae bloom
Sea nettles

® Land use
) Stream runoff

1 Agricultural mix

=10l x|
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Emergencies under
CIL

ospital evacuations,
resource allocations

User Interfaces and
rapid responses to
special requests




Sustainability: Goal and Strateqgy-Tactics

Predatory R

fish

CO, Light
Carbonate system b
A A T
Phyto-
olankton s Zooplankton
Nutrients
B /
-Ii Bacteria \ /
. i
| | .
-; Particulate organic matter
- & b
£ ]
Sediment

!'.'i'vui"t"

Figure 2.2-1

Schematic structure of a
pelagic marine ecosystem.
Green arrows: input to
primary production; black
arrows: interaction with the
carbonate system; brown
arrows: decomposition of
biomass. In the interest of
clarity, marine mammals and
seabirds are not shown.

Source: WBGU




‘ Physics to fish to fishermen: Interacting Physical, ecosystem, Socio-
: Thermodynamics of ecosystems economic CTBs

CLS : : i i . i
=== « organism size largely determines its function in the ecosystem

there is an obvious size-abundance relationship
Similar slopes suggest invariant processes

PP /Ieading to constant energy transfer through
\\\ size spectrum Turnover of population can
be approximated by age at
maturity
Time-trophic continuum: constrained by
temperature & biodiversity
\ Allomerric scaling laws 1577

Boudreau and Dickie 1992,

log Biomass

in Jennings, 2005

| | | I | | |
log body mass

log(metabolic power)

e Size is linked to time and temperature -4 *
* metabolism (individual) and turn-over

—20 —

(population) are linked to size, time, . . ' . . 1 .
20 15 10 5 0 5 10
log{mass)
an d te I I l p e ratu re L] Fig. 2. Extension of Kleiber's 3/4-power law for the metabolic rate of mammals to over 27 orders of magnitinde from individuals (blue circles)
to uncoupled mammalian cells, mitochondria and terminal oxidase molecules, CeQ of the respiratory complex, RC (red circles). Also shown

are data for unicellular organisms (green circles). In the region below the smallest mammal (the shrew), scaling is predicted to extrapolate
linearly to an isolated cell in vitro, as shown by the dotted line, The 3/4-power re-emerges at the cellular and intracellular levels. Figure taken
fromm West et al. (2002b) with permission.




Global and regional
governance issues

Larvae Adult

Squeeze SB & prey

Jan 1900 Jan 1900

25N
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Crosslink - p=

«Interoperating
Measurement
Systems (Space,

Atmosphere, Surface)

*Flexible Measurement
Network Architectur

, %.Direct Distribution g
Derived Products
*Network Computing
in-the-Sky
*WiFi for satellites

Y5l

gz Observational CTB:
Drive data needs

SX}H

&
Washington %

DC. mart Antel ?-f

Comm Systems__===="Data Mining/= * - ¥ Warehouse
Gateway, | r Date Fusion Sites =

=Y

Dataflow 5.5

Water Quality Mapping program uses a
technology known as DATAFLOW to rapidly
collect spatially intensive water quality data.

Sensor Web

" Dissolved oxygen
(m I')}'IIg

']
Anoxia
one

Chesapeake Bay Dead Zone
2007 Forecast Map

Mote Exemplars

Dissolved Oxygen Sensor

MDDNR Continuous
Monitoring Program - 54
continuous monitoring
stations. Roughly a third
of the sites will be
equipped with cellular
telemetry equipment
powered by solar
panels. The remaining
sites will posted on a bi-
weekly basis.

N 0 b | | S Crabs and floun.der crowd into shallow water

to escape low dissolved oxygen

Ikhana UAS

OASIS Il ASV
Continuous Monitoring Station

f 5’




CTB: Days to decades-Who does
ﬂhat?
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Uncertainty
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Major need for co-ordinate land use for the health of
the Bay

The large-scale environmental and natu-
ral resource programs in the PNW region
have several key features: (1) common land
use and conservation objectives, (2) over-
lapping administrative programs of mul-
tiple agencies and organizations involving
multiple species, and (3) similar database
and analysis tool requirements. These three
commonalities among natural resource pro-
grams motivate the need for similar water-
shed databases (e.g., stream networks, veg-
etation, roads, and so forth) and analysis
tools that utilize those databases (e.g., fish
habitat quality, erosion potential, fish migra-
tion blockages, and so forth).



Are there groups that are particularly difficult to engage?

a) State legislators; b) Hispanics and other minorities; c) retirees, newly relocated from outside
of Florida

Absentee homeowners; average citizens

African-Americans

Agricultural community

Agricultural community, local officials

Agriculture and development communities

Agriculture industry; township governments

All involved with planning

Although insurance agents are not our target audience, their lack of knowledge has a negative
statewide effect

Army Corps of Engineers, Soil and Water Conservation Districts, consulting engineers,
planners, landscape designers

ATV users

Building industry

Business community

CalTrans, Corps of Engineers; agricultural groups at state, local, and federal level

CCA

Charter boat guides

Citizens

Citizens that are not angry or concerned about a topic

Coastal property owners

Coastal stakeholders

Coastal tourism industry members and managers

Commercial and recreational fishermen, NOAA higher level staff, Natural Sea Grant Office

Commercial fisherman and citizens sometimes believe our bureau is regulatory when it is not

Commercial fishermen




Are there that are 3 difficult to 7 (continwed) Are there groups that are particularly difficult to en, ? (continmed)
Im]gﬁmernmenls General pablic S OF RS hetic for the need for responsible stewardship of the
Local gpowermmments and NGHCs envinononent
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Are there groups that are particularly difficult to engage? (continued) — = = |
Commercial fishermen 1
Commercial fishermen
Commercial fishermen —— ]
gornmcn:ual fishermen (aren’t at home to attend meetin, : tribal Vernments e
ommercial

n because of their distrust for managers

Coun

| Department of Defense

County governmls and local and state elected/ inted officials

| Department of Marine and Wildlife Resources

Developers
Drevelo ity and coun

| Departments of public works, some mumnicipal boards

American Samoa?]

Dheweel

Deewelopers, municipal offices

clopeers, farmer
Developers, land planners, elected officials

lanmers, “*non-enwvironmentalists,” politicians

people who watch Survivor (John and Jan Doe)

multiple audiences

MeIM|mted homeowners‘overworked town officials

Due to the shortness of our organizational existence, we are still trying to more closcly engage

Elected and appointed officials
lected officials

_——— =

ected officials; developers jalﬂ:uxugb this has improved substantially teceul!}'}

Are there groups that are particularly dlfﬁcu]t to engage? (continued)

Those whom we must regulate

nvironmental groups that support the office or a particular project

e

nwvironmental organizations could be great partners, but, more and more, they scem to focus
on the negative aspects

the workload

EPA HQ and Regional NPS staff can be difficult to engage and rarcly perform their share of

Those with a fundamental disagreement with our mission

Those with a negative opinion of government

Tourists, second homeowners/part-time residents, the agriculture community

Tribal governments

Tribal governments, animal-rights organizations

US Coast Guard operations (although USCG research activity has been very supportive)

ents (notably fisheries and natural resource

ents)

Wery small towns/cities that don't have enough staff to partner/apply for grants, etc.

Wolunteer public safety agen{:lcs—ﬁre, rescue/state govemmenw] agem:les

l&n&%mjﬁ,‘w We have difficulty attracting participation of the people in our local region; teenagers from all
Fishing community on particular topics areas
Forei non-1S : Wwe stru e to understand the barmiers

Widely dispersed groups (e.g., fisheries community) pose challenges, but can be engaged
eventually

Working poor




[ ROIMS ] Data Flow

Post-processing
(ASCII files, forecast plots, validation plots and statistics)

t

SWAT
(Output: flow, sediment, NO,, PO,) e

|

Combined Input Data

2-Year Spin-up Data WRE forecast Update Historical
Spin-up Data

L Pre-processing ‘

(format conversion, spatial interpolation)

y 3

[ Next Forecast Cycle }

—

v

Stream Flow, Water Quality Data
Current: manual update w/ USGS gage observations
Future: auto-update w/ obs

Current: aut(” Current; automatic w/




What are the prospects for the future? Capacity
Building

&w environmental forecast products will be feasible

Major fires Agricultural production at

Health warning:
Limit outdoor
activities; expect
brownouts

regime change likely

50%, blowing dust
major fisheries ) \

Air quality alerts —

75% of days U owm

Swimming and
Fishing prohibited

Frequent floodings

and Asian dust gl;?gx?fggoe;
threats continue releases Expect fisheries African bacteria alerts
downturn; health
threats

Possible Threats-Summer 2020: hot, dry and unhealthy



Sustainability, Ecosystem-based management, Integrated

assessment, adaptive management with participatory decision-

making, and such require a reliable and scientific tool.

1 Marine
social-
ecological
system

I Global
forcing and

responses

Regional
l and local
responses

enrichment
processes

L

Plankton
production,
food-web
dynamics

L

Fish production
and distribution

—-———--—————-—————_-———--—————q‘-—————--——

R ————————— T

Biophysical Human
sub-system sub-system



