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Northwest US Agriculture II 
Evaluating cultivation suitability of apples based on accumulated chill hours and precipitation in Washington State from 2003 – 2065 

Project Team:

[image: DEVELOP Text Black]
Lydia Cuker (Project Lead)
Laura Lykens
Alyssa Walzak
Tim Stelter

Advisors & Mentors:

Dr. Kenton Ross (NASA DEVELOP National Program Science Advisor)


Past or Other Contributors:

Lauren Makely (Team Lead)	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: Just put Northwest US Agriculture I team –LaRC Fall 2014
Idamis Del Valle-Martinez
Clarence Kimbrell
Zachariah Long
Chad Smith
Matthew Smith
Dr. Kenton Ross

Partner Organizations	Comment by Lauren: Partner: the umbrella term for all types listed below.

Collaborator: Organization or individual that works directly with a DEVELOP project team and provides some kind of leveraged resource (advising, data, model, software, funding, etc.), but are not actually using the project’s products or methodologies to make a decision or policy.
Ex. A researcher from a university who provides a team with an ancillary dataset to validate their results.

End-User: Organization or individual that receives results and methodologies from DEVELOP (either directly from a DEVELOP project team or through a partner/collaborator) and can use the project’s products or methodologies to make a decision or policy. They may also provide some kind of resources (advising, data, model, software, funding, etc.), but it is not required.
Ex. The Texas Forest Service’s Predictive Services that can use the products/methodologies from the DEVELOP project in their risk mapping creation.

Boundary Organization: Organization or individual that disseminates the project’s results to other end-users, decision makers, policy-makers, etc. The Applied Sciences Program defines a boundary organization as “an organization outside of your own that broadens your reach across the boundary into the operational domain (i.e. policymakers, decision makers, and other key stakeholders).” 
Ex. The Smithsonian Conservation Biology Institute works with local groups in Myanmar and helped DEVELOP disseminate results from the Myanmar Ecological Forecasting project to those in-country groups.

United States Department of Agriculture – Agriculture Research Service (USDA-ARS) POC: D. Michael Glenn, Ph.D., Appalachian Fruit Research Station, Kearneysville, WV. 

Applied Sciences National Applications Addressed: 
Agriculture, Climate

Study Area: Washington, USA

Study Period: 2003-2065

Earth Observations & Parameters
Aqua and Terra, MODIS – Land Surface Temperature
Suomi NPP, VIIRS – Land Surface Temperature

80-100 Word Objectives Overview
The purpose of this project is to extend the data developed to include precipitation and temperature forecasts in order to assess possible locations of change in apple production in the state of Washington. The calculation of accumulated chill hours and precipitation for both past and future climate conditions will improve comprehension of the impact of fluctuating climate on apple production. As climate continues to change, rising temperatures will shift ideal apple growing conditions northward as well as increase the demand for irrigation. 	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: Extend the data developed? What does this mean? Term 1 didn’t develop data, they developed products.	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: There are a lot of prepositional phrases in this one sentence. Clear up the “of the impact of fluctuating climate on apple production”. I feel like that could be reworded to be more clear.	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: Will shift location of ideal apple growing conditions	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: Separate thought. Maybe make a new sentence

Abstract
The state of Washington is the top apple producer in the United States, contributing over half of the nation’s apples (USDA NASS, 2012). Currently, Washington’s climate is ideal for apple growth; however, as the climate continues to change, concerns are rising over the suitability of the region for continued apple cultivation.  Apple trees require between 400 – 1000 hours between theat temperatures of 0 – 7° C, known as chill hours, to enter dormancy and successfully bloom in the spring. Partnering with the United States Department of Agriculture – Agriculture Research Service (USDA-ARS), accumulated chill hours and precipitation were identified as key factors contributing to the health and success of apple crops that will change due to climate fluctuations. Thus, understanding how climate change will affect these factors will inform future production of this fruit.  Using NASA Earth observations from Aqua and Terra Moderate Resolution Imaging Spectroradiometer (MODIS) and Suomi NPP Visible Infrared Imaging Radiometer Suite (VIIRS), specifically the Land Surface Temperature products from each, chill hour accumulations were calculated from 2003 – 2013, and then forecasted using a future climate model. With local weather station data and the National Oceanic and Atmospheric Administration (NOAA) Multisensor Precipitation Estimator (MPE), precipitation totals were calculated for 2003 – 2013, and then forecasted using a future climate model. Resultant maps of past and forecasted accumulated chill hours as well as maps of past and forecasted precipitation benefit orchard managers by detailing regions that have been optimal for apple production in the past and how those regions will shift with forecasted changes in climate. 	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: The accumulated chill hours and precip were partnered with USDA ARS? Sweet!!	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: The production will be informed?	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: Chill hour accumulations were calculated from 2003 – 2013 using the LST products from each.
Next, future climate model outputs were used to project chill hours and precip to 2065.	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: I’m not sure you’ll need both station precip and MPE. MPE includes station data for validations so it’s kinda redundant. 
- Discuss with DKR.	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: Instead of past, I think you mean current.	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: See above comment.

Community Concerns
· Apples are a major contributor to the Washington state economy.	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: This is a concern? Probably not. The concern is if apples were to disappear. Be clear about what the concern actually is.
· Apple trees require a chill season for the trees to go into dormancy and then successfully blossom.	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: Again..fact, not concern.  The concern is if Washington climate doesn’t support the requirements in the future.
· Apples themselves do not have stomata as leaves do and thus are unable to cool through transpiration so the fruit must be sprayed with water to allow for evaporative cooling as a preventative measure against the fruit skin temperature reaching detrimentally high levels (prevention of apple sunburn).	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: Again..not a concern you can address. We aren’t biologists working on making apples with stomatas. 	Comment by Smith, Chad K. (LARC-E3)[SSAI DEVELOP]: …transpiration. The fruit must be sprayed with water….
· With impending climate fluctuations, temperature and precipitation trends will change in Washington, resulting in possible negative impacts on apple harvests when rising winter temperatures may cause a reduction in chill hours and increased summer temperatures may expand the demand for irrigation resources that may not necessarily be available. 	Comment by Smith, Chad K. (LARC-E3)[SSAI DEVELOP]: Clarify	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: Yay! This is the community concern!! Expand on it.

Current Management Practices & Policies 
Apple growers currently use NOAA’s climate prediction center and the models used there to determine future conditions for their fields. Models forecasting the effects of El Nino and La Nina are also used.  Potential evapotranspiration calculations are used to determine how much water will be required by the apple trees to keep them healthy and prevent sunburn.  Water rights allocations may be restricted from junior water rights holders if there is not enough water in the reservoir system, which may affect irrigation capabilities of apple growers.	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: Used where? Probably just take these two words out	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: Combine with previous sentence. It’s dry by itself.

Decision Support Tools 
· Methodology of calculating chill hours and precipitation in the past and forecasted into the future
· Chill Hours Map, Forecasted Chill Hours Map, Total Precipitation Maps, Forecasted Total Precipitation Maps.




Benefit to End-User:
· Calculations of both accumulated chill hours and precipitation, in the past and forecasted into the future, will give growers a better understanding of how apple production will be impacted by climate change. 	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: Again..current. You are using the past decade to establish the “current state of climate”
· Forecasted trends in accumulated chill hours and precipitation can aid apple growers prepare for impending climate change by informing the growers of what to expect. 

Models Utilized
· Utah Chill Hour Model, The Dynamic Model, or the Chill Hour Model	Comment by Owen, Nathan O. (LARC-E3)[SSAI DEVELOP]: Update once you choose the best one.
· Climate Model – TBD 

Ancillary Datasets Utilized
· NOAA Weather Station Data – Surface Air Temperature
· NOAA Multisensor Precipitation Estimator (MPE)- Daily rainfall data
· CMIP5 Air temperature and precipitation forecasts (RCPs)- moderate and unconstrained

Software Utilized
Python- data acquisition and processing, used for calculation of accumulated chill hours 
R Scripting- statistical analysis of MODIS, VIIRS, and weather station data as well as comparison of fit for MODIS and Climate model data
[bookmark: _GoBack]ArcGIS - Raster Manipulation/Analysis, Image Enhancement and Map Creation of Landsat ETM+, NPP VIIRS, Aqua/Terra MODIS
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