Do Satellites Provide Accurate Measurements? 
By Asenat Pantoja & Michael Asemota
Abstract


Last year, we explored local soil moisture levels compared to levels provided by SMAP, a satellite that reads soil moisture throughout the world.  SMAP’s readings were not 100% accurate because satellite and local data did not align. This year, we expanded our inquiry by duplicating last year’s data to create comparative year-to-year data to test whether SMAP’s accuracy had improved.  Since 2015-2016 data was collected in a drought year, we were excited to compare it to the 2016-2017 non-drought year, enhancing the opportunity to track variances between our data and satellite data. 


We used the same methodologies and sites to collect samples as last year.  To improve outcome and analysis accuracy, we collected more samples during four of five months. Unfortunately, we collected only one sample during December 2016, whereas we collected four samples during December 2015.  Nonetheless, we began collection earlier this year and amassed more data.  We calculated monthly averages for comparison to the same month’s data from last year. We also tested the satellite’s accuracy for this year by comparing it to current local data.  We noticed increased local soil moisture that correlated with this year’s additional rainfall as well as improved overall satellite data accuracy. 

Research Question

Has the accuracy of SMAP changed from 2015-2016 to 2016-2017 when compared to school-site data? Also, has soil moisture at our school site changed from last year to this year and, if so, what may be the causes of these variances?
Hypothesis

We hypothesize that this year will have a greater amount of soil moisture due to the significant amounts of rain we got. We also believe there will be a significant change in the accuracy of SMAP The more rain the more accurate SMAP would be.
Materials and Method
What You Need:
· Site Definition Sheet

· Soil Moisture Data Sheet

· 500mL graduated cylinder

· Balance or scale with 0.1 g sensitivity and at least 400g capacity (600g recommended) 

· Trowel

· Saran wrap

· Gloves ( optional )

· 1 soil moisture sample can

· 1 gallon Ziploc bags 

· Calculator

· Watch

· Phone recommended ( will replace the calculator and watch)

· Oven 

· Meter Stick

· Thermometer capable of measuring to 110˚ C 

· Notebook Science Log 

· Delmhorst instrument CO.Soil moisture tester(Model Ks-D1)

· Delmhorst INSTRUMENT co. Soil moisture Sensors

· Computer 

· Permanent marker for writing on ziplock bags and/or sample cans

· Eyes on the earth nasa visualization( app )

· Permanent marker 

            
To complete the Site Definition Sheet, we selected a study site, our science classroom, and a centralized digging site that would not be watered artificially during the course of the experiment. We placed the trowel 5 cm underground, extracted our soil sample, and brought it back to the lab in either a tin can or plastic bag.  In our science classroom, we calibrated our balance, weighed the bag or the can with the soil sample, and recorded the information. After each collection, we labeled the can with the exact date, placed the sample into an oven set to 70˚ C. for the recommended 2 to 3 days, and weighed it again. To determine whether all the water had been removed after 2 to 3 days, we dried the sample for an additional period of time (e.g. one to several hours) and weighed it again. If the mass of the sample remained consistent for the second and third measurements, the sample was considered completely dry. If the mass changed by 0.3 grams or more, we dried the sample for an additional day and weigh it again. We repeated this cycle until no difference in mass was indicated.  Subtracting the initial sample weight and the can’s weight from the final dry sample weight, we calculated the moisture weight.  To perform these calculations, we used basic variable equations such as a-b=xx g. Using Excel, we compared our results to the SMAP data from each collection date to get the exact percentage of accuracy. In conclusion, we made an average of soil moisture for each month this year and compared to last year’s data to see if moisture levels changed year over year. We also compared this year’s data to SMAP data to test SMAP’s accuracy for 2016-2017.
Research Methods

The Soil Investigation-Soil Moisture Data Sheet-SMAP Block Pattern was used to calculate soil moisture. NASA’s Eyes on Earth allowed us to compare our soil moisture samples to SMAP data.

GLOBE Data
Figure #1 
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Figure #2
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Figure #3
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Figure #4

[image: image4.png]200
500
700
500
500
400
300
200
100

o

——Seriest





Figure #4
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Data Summary 

Figure #1 compares the data SMAP collected and the data we locally collected. Figure# 2 represents the comparison from the data collected by SMAP and the data we locally collected last year. Figure #3 indicates the margin of error between our local data and SMAP’s data. Figure #4 illustrates the margin of error between the data we collected and the data SMAP took. Figure # 5 shows the data difference between last year and this year.
Data Analysis

From analyzing the data, we are able to conclude that SMAP satellite accuracy has improved this year compared to the previous year. Additionally, we tracked an increase in soil moisture at our school site this year, which correlates with the increased precipitation in 2016-2017.  SMAP data trends aligned with our data trends in January and February 2017, the two months with the greatest amount of precipitation.  The greatest points of deviation between SMAP and local data occurred during March and April, 2017, the dry months of our investigation.  This aligns with the trends we saw last year in which most of the satellite data did not correlate to our data during a period of severe drought.  Figure 3 supports this idea because the greatest margin of error was recorded after sustained lack of precipitation in April 2017.  Thus, our data suggests that SMAP has a higher accuracy rate in times of rain versus times without rain. 
Additionally, we noticed that when the satellite data aligned with our data in January and February, the difference between the two readings maintained consistency. As our trend lines rose and fell, so did the SMAP trend lines.  Our data showed greater variance between readings compared to the satellite, which mostly read soil moisture at 0.27 or below.  Our soil moisture fluctuated between 0.00056 to 1.1182. Many variables may contribute to the differences between the two data sets this year.  For example, our data is collected locally and may be affected by the site-specific topography.  In contrast, SMAP data is generalized over a larger area, thereby resulting in less fluctuation between readings. Also, the soil composition may affect the levels of moisture that are retained. For example, soil with higher amounts of clay would retain more moisture than soil without clay.  We even noticed differences between our readings that were taken on the same day, in the same area of the school, only separated by a few hours. This suggests that there may be vastly different soil types within our school site. 
Discussion
During our exploration we faced many challenges that may have affected the investigation’s outcome. For example, we struggled to define our question because we had so many interesting areas of inquiry, including the effect of soil composition on moisture retention and the effect of humidity on soil moisture content.  We both had an increase in extracurricular activities, homework, and academic expectations in all subjects, which depleted the time that we had to do this project. Additionally, we no longer shared any common classes, most notably our science class with Ms. Mancía, which meant we needed to carefully coordinate our schedules and work.  However, we managed to collect more samples over a longer period of time this year in an effort to have more data points to increase the accuracy of our investigation.  Not only were we better organized, we also showed greater consistency in our methodology, which meant that we had fewer errors in collection and analysis.  Another challenge included the satellite’s eight-day overlay because we were only interested in examining a one day period of time. Also, reading the “NASA's Eyes” pinpoint of Los Angeles presented some difficulties because we noticed that the readings changed as we moved the cursor within the pinpoint. This suggests more localized data may be available from SMAP, but we were unable to define which parts of Los Angeles were represented by these different readings. 

Future improvements to this inquiry would include defining our site location more narrowly so that we collected soil samples from the same 6-inch areas throughout the campus.  This would make our duplicate measurements more consistent and allow us to explore the range of soil types on campus as well as the degree of moisture retention in different locations.

