
National Science Foundation Directorate for 
Biological Sciences, Project Award #1049181

Ping Yang, Florian Lengyel, Bernice Rosenzweig,Charles Vörösmarty

CUNY Environmental CrossRoads Initiative
The City College of New York, CUNY

Managing Large Scale Data for Regional Earth System Model Vörösmarty



North-East Region of U.S.A

Early settlement, 
deforestation and 
land clearing;

Industrialization, 
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Industrialization, 
urbanization and 
mega-city growth;

Post-industrialization 

The region has a long history of strategic environmental transformations, from early settlement, deforestation and land clearing to the rise of industrialization, urbanization and mega-city growth to post-industrialization 



NE Regional Earth System Models
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To more fully understand the evolution of NE's human and natural systems, we need knowledge on the role of carbon, water, energy, and nutrients in an integrated, regional Earth system context. These entities also define a common currency in human decision-making due to their close links to fossil fuel use, land use, water resource management, energy use, carbon and other greenhouse gas emissions, and land/air/ water pollution. And, because change to any one of these entities propagates through a linked atmosphere-land-aquatic system with feedbacks, thresholds, and potential surprises , understanding the coupled human-natural system is a necessary precursor to forecasts of the future states and sustain- 



iRODS-Enabled NE RESM

2/26/12

Because iRODS’ capability of data service and extensible functionality and wide implementation for a variety of applications, we decided to use this cutting edge techniques for this project.   A Data flow was designed for the regional earth system model, including coupled atmosphere-land-aquatic system, ecosystem service accounting, energy model system, economic model system and impact assessment system based on iRODS data system. 



NE-RESM Experiments 

Experiments are defined within iRODS by four steps

1 Collect input data files

2. Function dependencies among variables between 2. Function dependencies among variables between 
modules (data transformations)

3. Check consistency and validate of models output

4. Design scenarios for different runs 
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Couple modeling groups in NE-RESM

CALVAL: Calibration/Validation data group

WRF: Weather Research & Forecasting

TEM: Terrestrial Ecosystem Model

AEM: Aquatic Ecosystem model

WBM: Water Balance/Transport Model

ECON: Meso-scale Economic Model

Energy: Energy Sector Economic Model



iRODS Web Browser 
for NE-RESM
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Add iDROP interface using an animation



Coupling Earth System Models Task 1:
Domain Determination

• Energy Sector Model:
• US Census Regions

• Mesoeconomic Model:
• States

• Atmospheric Dynamics:
• Nested grids of different resolution• Nested grids of different resolution
• Lambert-Conformal Projection

• Aquatic Ecosystem Model:
• North Atlantic Hydrologic Catchment
• Geographic Coordinate System (unprojected)

• Products for Policymakers
• 12 states (ME, NH, RI, VT, NY, MA, CT, NJ, DE, PA, MD, VA) and Washington 

DC

The common domain must be based on the requirements of each model:



Atmospheric Model Domain
MARKAL 
Energy Sector 
Model Domain

3 of the 9  
US Census 
Divisions

iRODS used to:
• Archive WRF results outside 

2/26/12

Aquatic 
Ecosystem 
Model 
Domain

• Archive WRF results outside 
common domain

• Convert Atmospheric Model 
Outputs from Lambert-
Conformal Projection to 
Geographic Coordinates for 
Aquatic Ecosystem Model

• Translate between extended 
domain of MARKAL model 
(census regions)]

Atmospheric model domain: 3 nested grids > 27 minutes, 9 minutes, 3 minutes, Lambert Conformal Projection, 28 vertical pressure levelsAquatic Ecosystem Model domain:  North Atlantic Hydrologic Catchment extended to state boundaries for the Mesoeconomic Model (plus small areas outside these states that are part of the watersheds)MARKAL energy model – 3 US Census Divisions, states outside common domain will need to be excluded



Coupling Earth System Models Task2: 
Data Transformation:

§ Data formats are different
§ Grid, GIS Vector, NetCDF, HDF5…

§ Data in different projections
§ Lambert-Conformal, Longitue/Latitude

§ Data Volume is huge
§ 20TB each run…

§ Model uncertainty and validation
§ Monte Carlo, Kriging…

WRF produces 3D Grids in the Lambert Conformal ProjectionCALVAL produces O3 point sources – not gridded dataTEM needs O3 (AOT40) in 2D Grid Squares



Work Shirk

Work (1,1) (0,2)

Group B 
Column Player

Coupling Earth System Models Task 3: 
Interfaces Design:

Work (1,1) (0,2)

Shirk (2,0) (0,0)

Group A
Row 
Player

Prisoner’s DilemmaEach modeling group should cooperate on an interface specification and programWriting data interfaces has relatively low payoff compared with other scientific workPairs of groups that exchange data have two moves: Work or ShirkGroups are busy, It pays to Shirk and let the other group WorkThe dominant strategy is for both groups to Shirk. 



Rules and Micro-Services 
Extension for Coupled Earth System Modeling

myTestRule{

writeLine("stdout",”Global_BASE_PowerOutputTotal
data ready and waiting");

msiSendStdoutAsEmail(*Mailto, "Sending 
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msiSendStdoutAsEmail(*Mailto, "Sending 
email");
}
INPUT *Mailto=”flengyel@ccny.cuny.edu"
OUTPUT ruleExecOut



Discussion?
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