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What can CTB do?



Partners

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

 NOAA: C. Brown, H. Meng, F. Aikman
 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 
Partners Users, Superusers, Governments, People



 Forecast tools for decision-makers 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





Global ESMs for global issues (IPCC negotiations) but regional ESMs for 
adaptive management, learning-by-doing, and participatory decision-making for 
sustainability

Murtugudde 2009



Regional Specificities: LEK
 Know the USER

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

Climate Projections: 
Estimating effect of climate 
change, between now and 
2050, on the health of the 
Bay and its watershed.

Provide a decision 
making tool for users SeaWiFS true-color image of Mid-Atlantic 

Region from April 12, 1998.
Image provided by the SeaWiFS Project, NASA/Goddard Space Flight Center and 

ORBIMAGE



Working with the users
 “Pilot Applications of the Chesapeake Bay Forecast System:  

Forecasting Future Drinking Water in an Urbanizing Warmer 
World”
 Opportunity 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 groups. 



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

Moore et al. 2008



CTB-Community 
connections

Patz et al. 2004
Murtugudde 2009



An ideal research
Problem for the 
campus but can 
be transitioned to 
operations: Will 
CTB only do 
physical climate 
in the coming 
years?

Bowler et al. 2009, Nature



Computational social science: How 
things spread

Vespignani et al. 2009 Rohwer and Thurber 2009

CTB: Environmental connectivities!



CTB: Drive Observational needs and innovation

Nature 2009

Jakupciak and Colwell 
2009



Rosnay 1979

Eventually CTB will work 
towards including natural-
human system interactions.



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

Asthma Morbidity

Air pollutants
(PM, O3)

Changes in Climatic 
Conditions 

Historical Data

Empirical Models
Outcome 1: Quantitative 
estimates on impact of 

climate change on asthma 
morbidity observed in the US

Climate Prediction 
(CBSF regional 

downscaling/ IPCC 
AR4 Scenarios)

Outcome 2: Prediction of 
Asthma Morbidity for 

Chesapeake Bay Area

Asthma Morbidity

Air pollutants
(PM, O3)

Changes in Climatic 
Conditions 

Historical Data

Empirical Models
Outcome 1: Quantitative 
estimates on impact of 

climate change on asthma 
morbidity observed in the US

Climate Prediction 
(CBSF regional 

downscaling/ IPCC 
AR4 Scenarios)

Outcome 2: Prediction of 
Asthma Morbidity for 

Chesapeake Bay Area



LEK: Regional CTBs?

Boesch and Greer 2003



A. Ray, 2008

Regional CTBs: Regional Specificities, Predictability



LEK: Adding Value

 Harmful algal blooms
 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 
matter – 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
4 miles

1/3 miles

2 miles



20-member ensemble mean forecast of temperatures and winds.

High resolution winds, 
temperatures, humidities, 
raidation, etc. have users 
from the aviation, public 
health, solar and wind-
energy, recreational 
boating, etc. Designer 
forecasts for day 8 and 
beyond are possible. 
How to depict 
uncertainties and skill for 
users from a wide variety 
of needs and tolerance 
levels?



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

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-
users.



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



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

 On a 30 m square!
 Soil look up tables, 

manure/fertilizer 
applications, water 
withdrawals, crop types, 
wetlands, riparian 
buffers, forests, Best 
Management Practices

 Data from EPA, USGS, 
DNR, MDE, USDA

 Can provide details 
needed for effective
policy and management



Most useful, data-intensive, laborious but most relevant

Ensemble Forecast of Rappahannock Avrg M onthly Flow 
SON 2009
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Below normal stream flow for the coming months: Impact on the Bay?



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

Tidal Harmonics

Conditions at Bay’s Mouth
• Near-real time water level
• Climatological vertical profiles of 

temperature, salinity, and NO3, 
PO4, O2 concentrations

Temperature, Salinity, O2, Light

Heat Flux

Precipitation

Wind

Solar Radiation

Currents

Nutrients (N,P)
Phytoplankton

Zooplankton

Sediment 
Transport

Sediment
Resuspension

River Flow 
and Load

Atmospheric Deposition
and Ventilation

Particle Sinking &
Remineralization





An End-to-End Early Warning System: Can we provide 
reliable early warning? Multi-user interfaces, natural-
human system interactions, socio-economic CTBs?



Predictability of biogeochemistry and ecosystems: R2O –
Ecosystem CTBs?



How to consider sustainable-green methods 
and adaptation in CTB?

 Dryponds (detention) and 
Wetponds (retention)

 Grass Swales
 Permeable Pavers
 Storm Gardens

Hazard Counties at Risk

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 
Flooding

Dorchester, Worcester

Tropic Cyclone Somerset, Worcester

Counties at High Risk of Weather-Related Problems That Could 
Be Made Worse by Global Warming



CTB interactions with policy makers
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Decision-making under CTB



User Interface





Emergencies under 
CTB

 Accessible streets, 
Hospital  evacuations, 
resource allocations

 User Interfaces and 
rapid responses to 
special requests



Sustainability: Goal and Strategy-Tactics



Physics to fish to fishermen: Interacting Physical, ecosystem, Socio-
economic CTBs

• organism size largely determines its function in the ecosystem 
• there is an obvious size-abundance relationship

Thermodynamics of ecosystems

Boudreau and Dickie 1992,

in Jennings, 2005

Similar slopes suggest invariant processes 
leading to constant energy transfer through 
size spectrum

PP
Turnover of population can 
be approximated by age at 
maturity 

Time-trophic continuum: constrained by 
temperature & biodiversity

• size is linked to time and temperature
• metabolism (individual) and turn-over  
(population) are linked to size, time, 
and temperature.



Global and regional 
governance issues

Squeeze SB & prey

Squeeze SB only

No squeeze



Observational CTB: 
Drive data needs

Chesapeake Bay Dead Zone
2007 Forecast Map

Ikhana UAS

OASIS II ASV

Mote Exemplars

EO-1

MODIS

•Interoperating 
Measurement 
Systems (Space, 

Atmosphere, Surface)
•Flexible Measurement 

Network Architecture
•Direct Distribution of 

Derived Products
•Network Computing-

in-the-Sky
•WiFi for satellites

Comm Comm 
GatewayGateway

Metadata
WarehouseData Mining/

Date Fusion Sites

S,X, Ka

Crosslink

S, X, Ka

Smart Antenna
Systems

Smart Antenna
Systems

•Interoperating 
Measurement 
Systems (Space, 

Atmosphere, Surface)
•Flexible Measurement 

Network Architecture
•Direct Distribution of 

Derived Products
•Network Computing-

in-the-Sky
•WiFi for satellites

Comm Comm 
GatewayGateway

Metadata
WarehouseData Mining/

Date Fusion Sites

S,X, Ka

Crosslink

S, X, Ka

Smart Antenna
Systems

Smart Antenna
Systems

Crabs and flounder crowd into shallow water 
to escape low dissolved oxygen

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.

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

Dataflow 5.5

Dissolved Oxygen Sensor

Continuous Monitoring Station

Sensor Web

Noblis
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CTB: Days to decades-Who does 
what? 

Weather Prediction

Environmental
Prediction

Climate
Change



Major need for co-ordinate land use for the health of 
the Bay







Hourly Precipitation Data
NOAA/NCEP Stage IV radar & gage

Pre-processing
(format conversion, spatial interpolation)

SWAT
(Output: flow, sediment, NO3, PO4) 

ROMS

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

Daily Solar Radiation Data
Current: automatic w/ WRF & periodic manual update w/ obs.

Future: auto-update w/ NOAA/UMD satellite retrievals

Daily Min/Max Temperatures
Current: automatic w/ WRF & periodic manual update with obs.

Future: NOAA/NCDC weather observations

Stream Flow, Water Quality Data
Current: manual update w/ USGS gage observations

Future: auto-update w/ obs

Next Forecast Cycle

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

Combined Input Data

Data Flow



Possible Threats-Summer 2020: hot, dry and unhealthy

Swimming and 
Fishing prohibited

African bacteria  alertsExpect fisheries 
downturn; health 

threats

Health warning: 
Limit outdoor 
activities; expect 
brownouts

Frequent floodings
and Asian dust 
threats continue

Major fires Agricultural production at 
50%, blowing dust

major fisheries 
regime change likely

Air quality alerts –
75% of days

High danger 
of toxic CO2 
releases

What are the prospects for the future? Capacity 
Building
New environmental forecast products will be feasible



Sustainability, Ecosystem-based management, Integrated 
assessment, adaptive management with participatory decision-
making, and such require a reliable and scientific tool.

Perry et al. 2009


