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1 Purpose

1.1 Purpose & Scope

Land-atmosphere ammonia exchanges have significant impacts on atmospheric chemistry, acidification of ecosystems and biodiversity of terrestrial ecosystems, and can cause regional atmospheric pollution and associated public health impacts, in addition to shifts in nutrient balance and in composition of plant species.  Understanding and predicting these impacts is of interest to a large community served by both NASA and the EPA.  To that end, we have established an interagency partnership to focus on this critical problem.

Land-atmosphere ammonia exchanges are bi-directional, depending on plant ammonia compensation point and nitrogen concentration in the soil and water.  However, existing models are typically uni-directional, and represent either deposition or volatilization only.  Land-atmosphere ammonia exchanges are significantly affected by land cover and its spatial variation.  Based on the existing capabilities of the Multi-layer Biochemical Dry deposition Model (MLBC) at EPA and the Land Information System (LIS) at NASA, it is now possible to develop a mechanistic model for land-atmosphere bi-directional ammonia exchanges at a high (1km) spatial resolution for potential use in the EPA’s Models-3/Community Multiscale Air Quality (CMAQ) modeling and decision support system.

1.2 Project Goal & Objectives

The goal of this project is to merge and leverage existing model capabilities for biochemical deposition (EPA) and land-atmosphere (NASA) observation and modeling to account for the bi-directional ammonia exchanges at high resolution by considering nitrogen transfers, transformations and equilibrium in both soils and plants.   The objective of the work is to provide a high-resolution ammonia modeling system that applies NASA’s unique observational and modeling assets, as implemented in the existing Land Information System (LIS) for potential use in the EPA’s Models-3/Community Multiscale Air Quality (CMAQ) modeling and decision support system.

The project is expected to be completed within 3 to 4 years.   The system will have applications in research, inventory and policy decision in air and water quality, and biodiversity of terrestrial ecosystems.

2 Project Team 

2.1 Team

Project Manager: 

Dr. Christa D. Peters-Lidard

Project Team Members: 
Dr. Yihua Wu (UMBC/GEST)





Dr. Shahid Habib

Project Partners:

EPA 
Dr. Donna Schwede (Program/Project Manager, EPA Atmospheric Sciences Modeling Division, Research Triangle Park, NC)

Dr. Tom Pierce (Chief, Air-Surface Processes Modeling Branch)

Other NASA Centers: 
As needed.

Details of Partnerships and Collaborations:

This project is born out of a past collaboration between Dr. Yihua Wu and the EPA Atmospheric Sciences Modeling Division (ASMD).  Dr. Yihua Wu has since joined Dr. Peters-Lidard’s land surface modeling group, and the project is leveraging the existing GSFC Land Information System (LIS) and the land surface biochemical exchange modeling expertise of the EPA ASMD.

3  Roles and Responsibilities 

· The overall inter-agency coordination, project guidance, and headquarters interactions will be provided by the NASA-GSFC applications program manager (Dr. Shahid Habib).

· EPA will provide the Pleim-Xiu (PX) land surface model in MM5, including guidance on implementation and evaluation data as bases for model development. 

· NASA will provide Land Information System (LIS) as a land-surface modeling test bed for a variety of land surface models. 

· NASA will provide TRMM and MODIS data, as implemented in LIS. 

· NASA will integrate the ammonia modeling capability, based on Wu et al.’s Multi-layer Biochemical Dry deposition Model (MLBC) into LIS and make it available to the scientific community.

· NASA and EPA will jointly evaluate the ammonia modeling system and perform intercomparisons of the PX land surface model with other land surface models.

· NASA will provide computer facilities for ammonia modeling system development.

· NASA and EPA will jointly develop model documents, as required for eventual implementation of the ammonia modeling system into CMAQ. The documentation will include the model system evaluation, verification and validation to allow the scientific and applications communities to effectively benchmark the modeling system.

4 Project Implementation

4.1 Approach

Plants can act as both sources and sinks for atmospheric ammonia (NH3), depending on plant NH3 compensation point. Plant stomata are a major pathway for the atmosphere-biosphere ammonia exchanges.  Cuticular resistance also has an important effect on ammonia transfer.  NASA’s Land Information System (LIS) takes advantage of the latest NASA observing systems for land cover and vegetation properties such as MODIS-based Land Cover (MOD12) and Leaf Area Index (MOD15) products. Given the critical role of plants in the ammonia modeling process, the use of NASA’s observations and models in LIS could represent an important advancement over traditional approaches. Further, the development of an ammonia modeling system capable of representing bi-directional fluxes is an important advancement over surface exchange models currently used by the EPA, which are typically uni-directional.  The objective of the work is to provide a high-resolution ammonia modeling system that applies NASA’s unique observational and modeling assets, as implemented in the existing Land Information System (LIS) for potential use in the EPA’s Models-3/Community Multiscale Air Quality (CMAQ) modeling and decision support system.  The vision for the application of this project is illustrated in the Appendix.

4.2 Deliverables

We anticipate that this project will be finished in three years.  Deliverables include:

· A final project technical report of work done, including the following components:

· Evaluation report;

· Verification and Validation report; and

· Benchmarking report.

· A high-resolution ammonia modeling system, based on the existing Land Information System (LIS) and Multi-layer Biochemical Dry deposition Model (MLBC).

· Documentation, as required for eventual implementation of the ammonia modeling system into CMAQ, including a comprehensive user guide, with instructions for operating the system and a report of the initial system verification.  

· Scientific articles will be published in refereed journals for the scientific community.

· Conference presentations will be delivered at various international conferences. 

4.3 Schedule & Milestones 

The program will be executed with the following schedule: 
· Up to end-2004: Evaluation phase.  Assessment of EPA/CMAQ requirements, and evaluation of EPA MLBC/Ammonia module. 

· 2005: Verification and validation phase. Integration of the EPA MLBC/Ammonia module with the NASA LIS.   Integration of EPA/PX land surface model in NASA/LIS.

· 2006: Benchmarking phase. Testing and evaluation of EPA/NASA Ammonia Modeling System. Final system testing and delivery to EPA.

4.4 Budget 

Funding needed from NASA-HQ to enable us to accomplish this important project is of the order of $85K/yr for 3 years, as shown in Table 1. An agreement with EPA was signed and initiated in FY03, with EPA funding approximately $170K for 3 years. This budget request represents a requested contribution from NASA.  The funding received for this project will be spent as the need arises for payment of contractor services and purchase of equipment and materials. 

Table 1:  Traditional budget ($K, Non-full cost) for High Resolution Modeling of Land-Atmosphere Ammonia Exchanges

.

 
Year 1
Year 2
Year 3

 
NASA
EPA
NASA
EPA
NASA
EPA

Assessment of EPA/CMAQ requirements, and evaluation of EPA MLBC/Ammonia module. 
 $    46.5 
 $    28.5 
 $    15.9 
 $      9.9 
 $       -   
 $       -   

Integration of the EPA MLBC/Ammonia module with the NASA LIS.   Integration of EPA/PX land surface model in NASA/LIS.
 $    15.5 
 $      9.5 
 $    47.7 
 $    29.7 
 $    24.5 
 $    15.5 

Testing and evaluation of EPA/NASA Ammonia Modeling System. Final system testing and delivery to EPA.
 $      7.8 
 $      4.7 
 $      8.0 
 $      4.9 
 $    49.0 
 $    30.9 

Hardware / Software/ Publications.
 $      6.5 
 $      5.0 
 $      6.9 
 $      5.3 
 $      7.4 
 $      5.5 

Travel
 $      1.0 
 $      2.5 
 $      1.1 
 $      2.6 
 $      1.1 
 $      2.8 

Management, inter-Agency and intra-Agency coordination, and user requirements development.
 $      7.8 
 $      4.7 
 $      8.0 
 $      4.9 
 $      8.2 
 $      5.2 

Total
 $    85.0 
 $    55.0 
 $    87.6 
 $    57.3 
 $    90.2 
 $    59.8 

4.5 Exit Strategy/Project Termination

The project will end 3 to 4 years from start. The systems engineering life cycle of the ammonia modeling system will last 3 years. This will be followed by a short period of time to transition the system to our partners (EPA), who will further develop and maintain the model for potential use in the Models-3/Community Multiscale Air Quality (CMAQ) modeling and decision support system. The NASA-GSFC team will be available for consultation during the operational phase.

4.6 Performance Measures

Various strategies will be used to monitor progress for this project. These include:

1. Progress reports prepared by members and submitted to EPA and NASA/HQ every 6 months. 

2. Monthly technical team meetings (within individual teams) or teleconferences (between the teams) to assess project task status.   

3. Project review meetings held every six months between the partners (NASA/GSFC and EPA) to communicate progress and leverage activities and results. The meeting will take place either in Greenbelt, MD or in Research Triangle Park, NC according to where it is more strategic on each occasion.

4. NASA and EPA personnel will maintain records of their research according to their standard operating procedures and current division QA practices.  

5. Documentation will be prepared as required for eventual implementation of the ammonia modeling system into CMAQ.  

6. Results of this project will be presented in scientific conferences and peer-reviewed journals.   Papers describing model formulation, sensitivity testing, and model evaluation will be co-authored by NASA and EPA scientists. Results of peer-review of technical manuscripts developed by project team members. 
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