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I. Abstract
[Placeholder - do not put anything here until the final draft submission. The abstract in the project summary is where the working draft of the abstract should “live”]
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[bookmark: _Toc334198720]II. Introduction
As the leading apple producing state in the United States, Washington produces over half of the nation’s apples (USDA NASS, 2012). Washington built its reputation as a major figure in the apple indusrty with Red Delicious apples and established the state as one with a suitable climate for the crop (Carter, 2007). However, there are concerns in regards to climate change and how that will affect apple production for Washington in the future. Two weather parameters that have an effect on apple growth are rainfall accumulation and minimum overnight temperatures, which affect the number of chill hours. Both factors contribute to the health and success of apple crop production. More specifically, chill hours, which are hours with temperatures between 0 – 7° C, are vital for successful apple tree blossoming in the springtime. Apple trees require 500 – 1000 of these chill hours per growing season, depending on the apple cultivar, in order to prosper (Carter, 2007).	Comment by Owen: …for the future of apple production in Washington because of the changing climate.	Comment by Owen: 1. I wouldn’t say “weather parameters”.  Since you’re looking at the accumulation of chill hours over a season and the accumulation of rainfall over a season, it would be climate variables.  You should reword the sentence to make that flow.
2. The end part saying accumulation of minimum overnight temperatures isn’t exactly correct.  The accumulation of chill hours can occur anytime during the day, not just overnight. (depending on the high temperatures for the day).	Comment by Owen: Cultivar? This isn’t a readily known term.  I would say varieties or define the word in the sentence.

[bookmark: _GoBack]The purpose of this project is to expand methods to include precipitation and temperature forecasts in order to assess possible locations of change in apple production in the state of Washington. Accumulated chill hours and total precipitation are climatically controlled factors of athat determine a  location’s suitability for growing apples. These factors may be influenced as climate changes; therefore, calculating past totals as well as forecasting these factors into the future will give apple growers a sense of how the suitability of their present lands may alter with coming climate change. Due to requirements for accumulated chill hours, rising temperatures may shift the location of ideal apple growing conditions northward. Additionally, climate change may modify demands for irrigation resources. 	Comment by Owen: Expand methods from what?  For this tech paper, I would make this project separate.  You will want to mention how combining it with the Northwest Ag 1 project helps provide a more detailed view on what the future of apple trees are, though. 	Comment by Owen: Redundant. When climate changes, the climate variables will be influenced? Yep, that’s the definition of climate change. 
Word this whole sentence a little better. Remember to read above and don’t be too redundant with the “where suitable regions will be” part.  Seems you’ve mentioned that twice already in the above 2 sentences. 	Comment by Owen: Again, very redundant.  This whole paragraph is basically saying the same thing 4 different ways. 

Washington, which is located in the Pacific Northwest, has great variance in climate across the state. There are two distinct climate zones: the regions east and west of the Cascades. In the eastern region of Washington, there are warmer summers and cooler winters with frequent precipitation. Western Washington offers cool summers with mild, wet winters. The zone east of the Cascades contains the major apple production regions such as Yakima Valley, North Central (Wenatchee) district, and the Columbia Basin. Due to the differences in climate across Washington, growing conditions vary across the state. Therefore, different apple species are able to thrive in Washington State due to the diverse regions (Smith, 2001).	Comment by Owen: There should probably be more citations in here.  1 citation at the end of the paragraph isn’t doing  this information justice.	Comment by Owen: Combine these sentences into a well-flowing thought.  It sounds choppy as is.

In Washington, apple orchards are able to flourish in a moderate, marine-influenced, desert climate (Smith, 2001). Furthermore, less effort and expenses are required for the growers due to the dry, warm growing seasons, which prevent disease and pest issues (Schotzko, n.d.). Additionally, the snowmelt in Washington provides ample stream water, which is advantageous for the growers as well (Smith, 2001). 	Comment by Owen: I feel like there could be more discussion here.  It sounds choppy, so more descriptive sentences that flow would help a lot. 
Also, more citations.  Smith 2001 can’t be the only one that has said these things.

The NASA Applied Sciences Program application areas addressed in this project include agriculture and climate. These will be addressed by focusing on apples, which are a major contributor to the Washington state economy. 	Comment by Owen: These paragraphs stand out really bad.  Work on the flow here with transitions and better lead-ins to the partnership and application areas.  The partnership and application area can be mentioned all in the same paragraph it you can make if flow well. 

One of our project partners is Dr. Michael Glenn from the Appalachian Fruit Research Station. We are also partnering with the United States Department of Agriculture – Agriculture Research Service (USDA-ARS). Through partnering with 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 prediction of this fruit. 	Comment by Owen: One of? He’s the only one.

The forecasted calculations of both chill hours and accumulated rainfall, in addition to past calculations will provide growers with better comprehension of how climate change will affect apple crop production. The forecasted trends in both chill hours and precipitation will enable apple growers to anticipate climate change and better understand what to expect. 

In order to calculate chill hours for Washington State, we are going to utilize the Utah Chill Hours Model. This model assigns different weights to various temperature intervals in order to sum accumulated chill hours (Luedeling, 2009). ***Barely started this; needs to be finished***

Word count should be between 200-1000.

Material to include:
· [bookmark: _Toc334198721]Background Information: Relevant information to inform the reader of current status, issues, previous studies, etc
· [bookmark: _Toc334198722]Project Objectives: These should be short decisive action items.
· Study Area: Describe the geographic location of the study
· [bookmark: _Toc334198723]Study Period: Explain the time period of data you are looking at (years and dates of data)
· [bookmark: _Toc334198724]National Application(s) Addressed: Explain which NASA national application areas this project addresses and how it contributes to them
· [bookmark: _Toc334198725]Project Partners: Explain who the project partners are, why they are interested in this project, how they will use it, what decision making they have to do and is being addressed with this research and methodologies, etc. How will they benefit from this project and methodology?
[bookmark: _Toc334198726]III. Methodology
This should be concise, yet explanatory, and highlight the NASA Earth observations utilized and its/their capabilities. Include a paragraph or more for each of the following items. No word cap, but be thoughtful.
[bookmark: _Toc334198727]Data Acquisition: What data did you get, what level products are they, for what dates did you get images, where did you get the images from, etc.

[bookmark: _Toc334198728]Data Processing: What did you do to the data? Were there conversions needed to be able to analyze it? Did you have to mosaic images? Did you have to normalize anything to fit other datasets? Did you run an NDVI, change detection, etc?

[bookmark: _Toc334198729]Data Analysis: How did you analyze the data? What methods did you use?

Data Acquisition:	Comment by Owen: Very long, confusing sentence with a lot of commas.
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.  	Comment by Owen: I’m not 100% sure you’ll be using VIIRS. Make sure before you go to the trouble of including it.	Comment by Owen: Weather station data is for temp.  The MPE is radar data validated with weather station and other point observations for uniform coverage.
Maximum and minimum hourly precipitation measurements of Washington State were obtained from the NOAA Multisensor Precipitation Estimator (MPE) for the period of 2003-2013. 
Using MODIS, we obtained the maximum and minimum temperature changes of the land surface of Washington State for the same 10 year period and using the climate model, the forecasted data was found and projected. 	Comment by Owen: Insert weather station description here.













Data Processing:
[image: ]
Using Esri’s ArcGIS version 10.2.2, we were able to identify our focus area of apple orchards in the state of Washington for analysis and comparison to temperature changes by using local weather station data and Multisensor Precipitation Estimator (MPE). 	Comment by Owen: What? This is confusing Analysis and comparison to temp using MPE? Be very clear and descriptive here.
To calculate the amount of chill hours between the months of ____________, 2003-2013, the Utah Model was followed to give a sufficient analysis of how the apples were affected during climate changes. The Utah Model was chosen based off its purpose of use in certain climate areas which are similar to the climate of Washington State. The specific equation used in this model was found more accurate and comprehendible to use. Using python, the chill hours were calculated based on the specific temperature ranges of 2.5 to 9.1 degrees Celsius which were the temperature requirements to meet dormancy. Based on the temperature, a chill unit or weight was designated to that specific temperature (Luedeling, 2009). The unit was assigned in Python to give an accurate analysis of the MODIS temperature results. 	Comment by Owen: Followed isn’t the right word for this.  I would say something like The Utah Model, developed by ____, was used to calculate the amount of chill hours.
You must cite this.  If you can’t find who developed it, then cite someone who used it as “We used the Utah model, as it was used in  Smith (2014), to calculate….”	Comment by Owen: Never say this in a technical report.
cite accuracy if there are papers that say this.  Never “officially” base a choice on whether you can comprehend it or not.  Yes, this is a good idea to take into consideration, but don’t say that’s why you chose it. 	Comment by Owen: Instead of saying “using python”, try combining these thoughts to those above by saying you wrote the Utah Model into a python script for automation..or something like that.	Comment by Owen: If you’re using the Utah Model, it would be good to include the actual equation in the technical report. 
I see that’s in the data analysis, which is the correct spot. So maybe move all descriptions of Utah model to data analysis. 	Comment by Owen: I don’t understand this.  The chill hours are not analyzing MODIS. MODIS is input to analysis of climate (temperature variable in this case)


Data Analysis: 
The hourly MODIS curve was analyzed for the maximum and minimum land surface temperature to help assign a chill unit to each average temperature reading using this equation:
· T ≤ 1.4°C = 0
· 1.4°C  < T ≤ 2.4°C = 0.5
· 2.4°C < T ≤ 9.1°C = 1
· 9.1°C < T ≤ 12.4°C = 0.5
· 12.4°C < T ≤ 15.9°C = 0
· 15.9°C < T ≤ 18.0°C = -0.5
· T ≥ 18.0°C = -1
Once the chill units are assigned, the sum of the chill hours can be attained. 
[bookmark: _Toc334198730]IV. Results & Discussion
Insert images, graphs, maps, charts, etc. here. Choose the most important results to highlight here. Things to discuss:

· [bookmark: _Toc334198732]Analysis of Results: What can you tell from your graphs, images, etc? What does this mean for your project?
· [bookmark: _Toc334198733]Errors & Uncertainty: What factors could you not account for, what things didn’t work out like you expected they would, etc
· [bookmark: _Toc334198734]Future Work: If this project was to be selected for another term, what would be the focus? What other areas would be of interest?
[bookmark: _Toc334198735]V. Conclusions
This project’s purpose was to utilize past and forecasted chill hours and accumulated precipitation in order to consider climate change on apple growth. Results show that chill hour temperatures are expected to increase by 2065. This will enable growers to better prepare for the coming climate change. Additionally, they will be able to strategize or use innovative techniques in order to produce healthy and prosperous apples.

Final conclusions. Word count: 200-600.
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