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                    Abstract
New measurement systems are often expensive and need a solid economic justification. Traditional tools based on the value of information are sometimes difficult to apply. When risks are traded in a market, it may be possible to use market instruments to monetize the reductions in uncertainty. This paper illustrates such market-based methods with a satellite system designed to reduce uncertainty in predicting soil moisture in the USA. Soil moisture is a key variable in managing agricultural production and predicting crop yields. Using data on corn and soybean futures, we find that a 30% reduction in the weather-related component of uncertainty in corn and soybean futures pricing yields a yearly US consumer surplus of $1.44 billion. The total present value of information from the satellite system for the USA—calculated with a 3% discount rate—is about $22 billion, assuming the system is in operation for 20 years. The global value of the improvements in weather forecasting could be $63 billion.
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                    Notes
	See Archer (2016), yearly global outlays for climate research are said to be $2 billion. Exxon’s yearly profits are around $40 billion.


	A futures contract is a legal agreement to buy or sell a particular commodity or asset at a predetermined price at a specified time in the future.


	TFT is the iShares 20 + Year Treasury Bond ETF. The fund seeks to track the investment results of an index composed of US Treasury bonds with remaining maturities greater than 20 years (see: https://www.ishares.com/us/products/239454/ishares-20-year-treasury-bond-etf).


	According to put-call parity property for an at-the-money European option, the value of both call and put options is equal as long as the spot price of the underlying asset equals the strike price.


	In other words, one can be long one bushel of corn and be exposed to the volatility of corn price or, alternatively, sell a bushel of corn (short of corn) to buy DIA and be exposed to market volatility. The difference in risk could be attributed to weather prediction (holding corn is riskier than holding DIA).


	The “Teucrium Corn Fund (NYSE: CORN) provides investors unleveraged direct exposure to corn without the need for a futures account. CORN provides transparency to investors by investing in a known benchmark (described below), listing all holdings nightly, and providing future roll dates. CORN was designed to reduce the effects of rolling contracts (and contango and backwardation) by not investing in front-month (spot) futures contracts and thus limiting the number of contract rolls each year.” See: https://teucriumcornfund.com/.


	For volatility calculation, we consider longer time than for average annual price. To be on the conservative side for calculation of VOI, we excluded a period of elevated prices from calculation of an average weighted price. For example, in 2012–2013, an average price was about $6.5/BU.


	For a detailed explanation of volatility calculation see: https://www.fool.com/knowledge-center/how-to-calculate-annualized-volatility.aspx


	Average spot price for the period 2014–2018.


	Calculated for the period from 2014 to 2018.


	See: https://www.investopedia.com/university/options-pricing/black-scholes-model.asp


	The fraction of corn price variance attributed to weather predictions changes during the year. It is highest in spring and lowest in late fall. It may be advisable to consider seasonal fluctuation of weather-related risk. It will require calculating an option value for shorter than a 1-year period.


	The mission costs (or costs to collect information) should be subtracted from the value of information in order to calculate the net VOI for the benefit cost analysis.


	Paul C. Westcott, USDA, Economic Research Service Michael Jewison, USDA, World Agricultural Outlook Board “Weather Effects on Expected Corn and Soybean Yields” (https://www.usda.gov/oce/forum/past_speeches/2013_Speeches/Westcott_Jewison.pdf).


	Calculated using USDA data on historical corn and soybean production (https://www.nass.usda.gov/Statistics_by_Subject/index.php?sector=CROPS).
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Annex: Variability of crop production and price volatility
Annex: Variability of crop production and price volatility
The analysis of historical soybean and corn yields suggests a notable variability (see Fig. 3a, b).
Fig. 3
a Corn yield variability and long-term trend (bushels per acre). Sourcehttps://www.nass.usda.gov/Charts_and_Maps/Field_Crops/cornyld.php. b Soybean yield variability and long-term trend (bushels per acre). Sourcehttps://www.nass.usda.gov/Charts_and_Maps/Field_Crops/soyyld.php


Full size image

Westcott and Jewison (2013) provide detailed analysis of the weather effect on corn and soybean productivity and established the relationship between weather and crops yields.Footnote 14 Variation in the productivity of corn and soybeans leads to variations in the supply of these crops with corresponding variations in corn and soybean prices. While deviation of corn and soybean production from trend is about 7%Footnote 15 of an expected value, the price volatility is above 20%.
Deviations from trend is the reason for supply shocks. A limitation in predictability of an actual supply is the foundation for price volatility (see Fig. 4a, b).
Fig. 4
a Historical corn prices of corn ($ per bushel). Sourcehttps://www.nass.usda.gov/Charts_and_Maps/Field_Crops/cornyld.php. b Historical soybean prices ($ per bushel). Sourcehttps://www.nass.usda.gov/Charts_and_Maps/Field_Crops/soyyld.php


Full size image

Based on an extensive econometric analysis, Westcott and Jewison (2013) concluded that “weather during the growing season is critical for corn and soybean yield development.” Improved weather predictions should improve predictions of corn and soybean production, closing gap between an actual and predicted production and therefore reducing price volatility.
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