NASA DEVELOP National Program
[image: ]NASA Jet Propulsion Laboratory
Fall 2015

Short Title: New Mexico Water Resources & Agriculture
Subtitle: Delivering Automated Evapotranspiration Data to the New Mexico Office of the State Engineer for Enhanced Water Resource Decision Making 
VPS Title: TBD

Project Team & Partners
Project Team:
Trevor McDonald (Project Lead), tjmcdonald@ucla.edu
Gregory Halverson

Advisors & Mentors:
Joshua Fisher (NASA Jet Propulsion Laboratory)
Greg Moore (NASA Jet Propulsion Laboratory)
Munish Sikka (California Institute of Technology)

Past or Other Contributors:
Sol Kim (Summer 2015, Project Lead)
Agustin Muniz (Summer 2015)

Partner Organizations:
New Mexico Office of the State Engineer, End-User, POC: John Longworth


Project Details
Applied Sciences National Applications Addressed: Agriculture, Water Resources

Study Area: New Mexico (NM)

Study Period: March 2000 - Present

Earth Observations & Parameters:
Terra & Aqua, MODIS -
Evapotranspiration Parameters - (MOD04_L2, MOD05_L2, MOD07_L2, MOD11_L2, MCD12Q1.051, MOD13A1, MOD15A2, MCD43B2.005, MCD43B3.005)

Ancillary Datasets Utilized:
· National Centers for Environmental Prediction (NCEP) Reanalysis II – 2 meter temperature, specific humidity, minimum temperature, U-wind

Models Utilized:
· NASA JPL Evapotranspiration (PT-JPL)

Software Utilized:
Python – to submit download requests for 14 datasets total – 6 MODIS land, 4 MODIS atmosphere, and 4 National Centers for Environmental Prediction datasets
Cron – to automatically run Python and Shell scripts on daily basis
HDF-EOS to GeoTIFF Conversion Tool (HEG) – used for converting MODIS atmospheric swath data into sinusoidal tiles/stitching of various MODIS data/data subsampling
GDAL– Python library used to merge, project and calculate zonal statistics of evapotranspiration (ET) data 
MATLAB – calculations for ET products and conversion to GeoTiff data format
Apache –HTTP web server application housing web content
Apache Tomcat –Java Servlet container for Java code to run in, essential for GeoServer
GeoServer – geospatial data server written in Java, serving raster and vector to web
Leaflet – JavaScript library to create interactive web map
Curl – to create interactivity between source files and GeoServer

Project Overview
80-100 Word Objectives Overview:
The goal of this project is to automate the acquisition, processing and delivery of evapotranspiration data to the New Mexico Office of the State Engineer. Dr. Fisher’s PT-JPL Evapotranspiration model ingests the NCEP, MODIS Land and Atmosphere datasets we acquire to compute daily global evapotranspiration products. These products create valuable and timely data for any decision-maker in the ranching, water resources, drought assessment and fire-response communities. In particular, these communities in the Eastern Plains Region of New Mexico will have access to our daily ET products through an interactive web map application enabling them to improve management planning and assessment.

Abstract:
With the Southwestern region of the United States experiencing unprecedented drought conditions, improving and deploying real time applications enable water resource managers to plan and manage more effectively. Our daily evapotranspiration products provide a superior temporal and spatial resolution assessment of rangeland conditions, consequently enhancing decisions related to cattle management, emergency response for rapid rangeland and farmland deterioration, fire management risk decisions and determining drought severity. The current assessment methods that New Mexico land managers and decision-makers utilize include spatially limited in situ spot check as well as weekly Normalized Difference Vegetation Indices (NDVI) and ET products for New Mexico counties. The current methods are insufficient because of difficult accessibility, limited information and lack of distribution. Our automated, streamlined, non-proprietary ET products delivered to the New Mexico Office of the State Engineer will prove to be critical in enhancing water resource decision-making.

Community Concerns:
· The eastern portion of New Mexico suffers from consistent drought conditions throughout the last decade, negatively impacting agriculture, ranching, and the gas and oil industries. 
· Prolonged and unprecedented drought conditions continue with the possibility of worsening in the future to due climatic changes. 
· Decision makers need to be equipped with a superior temporal and spatial resolution assessment to guide water use and land use management plans.
· Decision makers need easier access to remotely sensed data, such as our ET data for improved management and distribution.


Current Management Practices & Policies:
Currently New Mexico land managers and decision-makers utilize spatially limited in situ spot checks and NDVI products processed by the New Mexico Department of Agriculture from the USDA Forest Service data. Neither of the current modes meets the spatial extent or temporal resolution necessary for improved water resource management. These current methods lack ease of access and are not widely distributed. Additionally, current ET products used by New Mexico land managers are problematic because they are either too coarse to be useful or are proprietary which restricts accessibility and distribution. By employing NASA Earth observations to generate a non-proprietary, high-resolution, temporally superior ET product, our results would facilitate enhance decision making in New Mexico.

Decision Support Tools & Benefits: 
	End-Product
	Earth Observations Used
	Benefit & Impact

	[bookmark: _GoBack]Automated & interactive web map, serving multi-temporal ET data for New Mexico land managers and decision makers
	Suite of MODIS data from Terra & Aqua
	Provide multi-temporal high-resolution remotely sensed ET data to guide & analyze water/land use practices in New Mexico
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Software Release Requirements
What category do the tools your project is creating fall within? 
Category IV or V

If your decision support tools fall within Category IV, fill out this section:

Software Title: DEVELOP New Mexico Automated Acquisition, Processing and Delivery Software
Software Abbreviation: AAPD

Technical Point of Contact: 
Trevor McDonald, tjmcdonald@ucla.edu, JPL - SSAI
Gregory Halverson, gregory.halverson@gmail.com, JPL - SSAI
Agustin Muniz, 
Sol Kim, 

Brief Description of the Software: The AAPD package will be used to automate the coordination of acquiring, processing and delivering modeled ET data. The software package includes three separate major mechanisms for the acquisition, processing and delivery of the ET data. The whole process is initialized by a master script enabling the coordination of each process resulting in an automated delivery of ET data to a web interface.

Type of Code: Executable Code and Source Code (Select one or both)
Will the software include any embedded computer databases? Yes or No (Select one)
Does the software use or call any open software or libraries? Open Source and/or Proprietary/Commercial (Select one or both)

List the software or libraries used, under what license they were obtained, and the URL for the license in the table below:
	Name
	License
	License URL

	Python
	Open source license
	http://opensource.org/licenses/Python-2.0

	Cron
	Open Source license
	

	HEG
	Open Source license
	TBD

	Matlab
	NASA JPL License
	TBD

	GDAL
	Open Source license
	

	Leaflet
	Open Source license
	

	Apache
	Open Source license
	

	Apache Tomcat
	Open Source license
	

	GeoServer
	Open Source license
	

	Curl
	Open Source license
	

	
	
	




Full Software Description and Plan
Introduction/Objective:

[image: DEVELOP Text Black]
What motivated the creation of this software, what problem does it address?

The creation of this software package was motivated by the current methods by which New Mexico land managers and decision makers assess water resource management. Current methods are spatially and temporally-limited as well as proprietary limiting their accessibility and distribution.

Applications and Scope:

[image: DEVELOP Text Black]
Where and how will this software be used to influence decisions?

As a proof of concept this software and its subsequent data will be used to improve water/land use in the Eastern Plains Region of New Mexico but could have global impacts on how land managers access and utilize ET data. This software has the potential to be applied to many other sources of data for other resource managers to utilize.

Capabilities:

[image: DEVELOP Text Black]
What can it do better than what was previously available?

Our software improves the temporal and spatial resolution as well as improving the accessibility and distribution of ET data. 

Interfaces:

[image: DEVELOP Text Black]
How is one expected to use the software? For example, command line, GUI, script execution, etc.

Once the software is launched the website at the front-end of the pipeline will serve as the main interface for users. The administrator of the software will use a combination of command line and script execution if debugging or management is necessary.

Assumptions, limitations, & Errors:
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What areas that the software could be improved upon in the future?  This is where limitations of the theory, model, science, etc should be briefly documented. If the tools only work for a specific scenario, say so.

With manipulation this software could be used for others sources of data but is currently limited to acquiring the necessary sources for ET, processing MODIS atmosphere data for the PT-JPL Evapotranspiration model, calculating ET within the model as well as preparing and delivering the output ET to the web interface.

Testing:

[image: DEVELOP Text Black]
What validation techniques and testing strategy will be used to build confidence in the software?

TBD
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