Summative Assessment for Water, Agriculture and Sustainability Module
27 points
This assignment assesses your learning gains from participation in the Water, Agriculture and Sustainability module.  You are to work on this alone!
Your task is to analyze and assess the relative sustainability of water use and impacts associated with agriculture in the states of California and Illinois.  In what ways are the states different when it comes to water and agriculture?  Is one state more sustainable than the other?  
To conduct this analysis, you will draw from what you have learned in class and from the table and figures on the following pages that provide water and agricultural information for both states. You can also do your own research, but you should be able to fulfill this assignment with the information provided.  Review the table and the figures before answering the questions!  
Questions 
Read each of the questions below and type your answers in the space between the questions.  Make the space you need for your answers.  Your answers MUST be supported with specific statistics, information, and insights from the tables, figures, and module content.  Make use of the data and cite your sources in your answers.
1. Compare the available water supply situations of California and Illinois by responding to the prompts below.  Use the sources provide and cite them in your answers.
a. List at least three ways in which farmers in California and Illinois are faced with remarkably different water supply situations. (4pts)
b. Briefly explain why the water supply situations are different in the two states. (4pts)

2. Compare the sustainability of agricultural water use and impacts of California vs. Illinois by responding to the questions below.  Use the sources provide and cite them in your answers.
a. What are three ways in which California is apparently doing better than Illinois in terms of the sustainability of agricultural water use and impacts? (4pts)
b. What are three ways in which Illinois is apparently doing better than California in terms of the sustainability of agricultural water use and impacts? (4pts)
c. Using Table 1 (Data for a Comparative Analysis of Agricultural Water Sustainability in Illinois vs. California), look for the statistics associated with virtual water export for both states. Describe how virtual water export is calculated. Then discuss whether or not virtual water export should be factored into the assessment of a region’s agricultural water sustainability. Defend your answer.  (3pts)
d. Overall, do you think that agricultural water use is more sustainable over the long term in California or in Illinois?  Why?  In two to four paragraphs, indicate how one of these states is better than the other on the basis of sustainability definitions or criteria.  Which factors are most important? (8pts)
Table 1 - Data for a Comparative Analysis of Agricultural Water Sustainability in Illinois vs. California
	Parameter
	Illinois
	California

	Annual average precipitation (in)1, 2
	40.20
	~16 2

	Renewable Water Supply per Area (m3 per area of the state)3
	13,324
	1,724

	Water Withdrawals Relative to Renewable Supply in 2008 (%)3
	25.2
	61.8

	Farmland in 2012 (acres)4, 5
	26,937,721
	25,569,001

	Harvested Cropland in 2012 (acres)6
	22,373,010
	8,007,461

	Organic Farmland in 2012 (acres)4 ,5
	35,887
	951,356

	Irrigated Land in 2012 (acres)6
	522,478
	7,861,964

	Irrigation Withdrawals in 2010 (million gallons per day)7
	226
	23,100

	Irrigation Withdrawals from Groundwater in 2010 (%)7
	92
	37.6

	Irrigation Withdrawals from Surface Water in 2010 (%)7
	7.7
	62.3

	Crop Water Use from Rainfall in 2008 (%)3
	97
	<1

	Harvested Cropland that was Irrigated in 2012 (%)3,6
	2.3
	98.1

	Net Virtual Water Export in 2008 (Mm3 per year)3
	32,284
	39,863

	Virtual Water Export Outside of U.S. in 2008 (% of Export)3
	32
	22

	Virtual Water Export to Other U.S. States in 2008 (% of Export)3
	68
	78

	Total Agricultural Export Income 2014 (Billion $)4 ,5
	9.3
	23.6

	Crop Water Use to Produce $1 of Income in 2008  (m3)3
	1.65
	0.91

	Fertilizer Purchased in 2011 (1000 kg N)8
	964,434
	672,302

	Fertilizer and Soil Conditioners Applied in 2012 (acres)6
	18,055,173
	6,314,533

	Assessed Lakes/Reservoirs Impaired by Nutrients (%)8
	89
	45

	Cropland Treated with Chemicals to Control Insects in 2012 (acres)6
	9,415,667
	5,293,093

	Agricultural Fuel Expense in 2014 ($)4, 5
	780,000,000
	1,330,000,000

	Hired Farm Labor in 2012 (workers)6
	63,985
	465,422

	Food Insecure Households 2012-2014 Avg. (% of all households)4, 5
	11.7
	13.5

	Top 3 Agriculture Commodities4, 5 
	soybeans, corn, hogs
	dairy products, almonds, grapes



1 – Angel, J (2009). Statewide Records and Normals for Illinois. Illinois State Water Survey. http://www.isws.illinois.edu/atmos/statecli/general/averages.htm  
2 – An average of data presented in Current Results (n.d.). Average Annual Precipitation for Cities in California. https://www.currentresults.com/Weather/California/average-yearly-city-precipitation.php  The annual rainfall amounts tend to be considerably less than 16 inches in most of California’s agriculture production areas.
3 – Mubako, S, Lahin, S and Lant, C (2013). Input–output analysis of virtual water transfers: Case study of California and Illinois. Ecological Economics, 93: 230-238.  
4 – U.S. Department of Agriculture (2016). State Fact Sheets: Illinois.  http://www.ers.usda.gov/data-products/state-fact-sheets/state-data.aspx?StateFIPS=17&StateName=Illinois  
5 – U.S. Department of Agriculture (2016). State Fact Sheets: California.  http://www.ers.usda.gov/data-products/state-fact-sheets/state-data.aspx?StateFIPS=06&StateName=California
6 – U.S. Department of Agriculture (2012). 2012 Census of Agriculture: United States Summary and State Data. Volume 1.  https://www.agcensus.usda.gov/Publications/2012/Full_Report/Volume_1,_Chapter_1_US/usv1.pdf 
7 – Maupin, M.A., Kenny, J.F., Hutson, S.S., Lovelace, J.K., Barber, N.L., and Linsey, K.S. (2014). Estimated use of water in the United States in 2010: U.S. Geological Survey Circular 1405, US Geological Survey, 56 p. 
http://dx.doi.org/10.3133/cir1405. 
8 – U.S. Environmental Protection Agency (2016).  Waters Assessed as Impaired due to Nutrient-Related Causes. https://www.epa.gov/nutrient-policy-data/waters-assessed-impaired-due-nutrient-related-causes 
[image: ]Figure 2.  Map showing distribution of farmland in Illinois.  From Natural Resources Conservation Service, 2014. Illinois Suite of Maps. USDA. https://www.nrcs.usda.gov/wps/portal/nrcs/detail/il/soils/surveys/?cid=nrcs141p2_030697#primefarmland 
[image: ]


Figure 1. Map showing areas of California dominated by agriculture (light green and red).  From NASA Ames Research Center, 2015. Federal Agencies Release Data Showing California Central Valley Idle Farmland Doubling During Drought. Landsat Science, NASA. https://landsat.gsfc.nasa.gov/federal-agencies-release-data-showing-california-central-valley-idle-farmland-doubling-during-drought/ 

[image: ]MY = multiyear

Figure 3. Map displaying multiyear drought risk for each county of the United States of America based on the cumulative deficit between renewable water supply and water use calculated over 60 years of historical climate data.  The blue color indicates areas with low probability of experiencing multiyear drought. The orange color indicates areas where multi-year drought has occurred.  The red color indicates areas with the greatest risk of drought and where withdrawals chronically exceed renewable supply.  From Devineni, N, Lall, U, Etienne, E Shih, D, and Xi, C (2015).  America’s Water Risk: Current Demand and Climate Variability. Geophysical Research Letters, 42: 2285-2293. http://onlinelibrary.wiley.com/doi/10.1002/2015GL063487/epdf 
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Figure 4. Adapted from Nolan, B, Ruddy, B, Hitt, K and Helsel, D (1998).  A National Look at Nitrate Contamination of Ground Water.  U.S. Geological Survey. http://water.usgs.gov/nawqa/nutrients/pubs/wcp_v39_no12/ 
[image: ]
Figure 5. Maps displaying the relative contributions of areas within the Mississippi River basin to the flow of dissolved and particulate nutrients discharged into the Gulf of Mexico.  Yield is calculated as the mass of nutrient delivered to the Gulf per unit of watershed area per time. Illinois ranks first of all states in the basin in terms of delivered yield and percent of total flux of nutrients. From Alexander, R, Smith, R, Schwarz, G, Boyer, E, Nolan, J and Brakebill, J (2014).  Differences in Phosphorus and Nitrogen Delivery to the Gulf of Mexico from the Mississippi River Basin. U.S. Geological Survey. http://water.usgs.gov/nawqa/sparrow/gulf_findings/index.html 
[bookmark: _GoBack][image: ]
Figure 6.  Map of the contiguous United States showing cumulative groundwater depletions from 1900 to 2008 in 40 assessed aquifers. From Konikow, LF (2013). Groundwater depletion in the United States (1900−2008): U.S. Geological Survey Scientific Investigations Report 2013−5079, 63 p. http://pubs.usgs.gov/sir/2013/5079 
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~75% of the California allocation of Colorado River water is used for agriculture irrigation.


Figure 8.  Proportion of Colorado River water that is allocated for use in California (27%) each year relative to the other states and Mexico (9%).  Values are in millions of acre feet.  Data from Wikipedia (2017). Colorado River. https://en.wikipedia.org/wiki/Colorado_River and U.S. Bureau of Reclamation (2014). Colorado River Accounting and Water Use Report Arizona, California, and Nevada. https://www.usbr.gov/lc/region/g4000/4200Rpts/DecreeRpt/2013/2013.pdf 



 
Figure 7. Map of the Colorado River Basin.  From U.S. Bureau of Reclamation (2015).  http://www.usbr.gov/lc/region/g4000/contracts/watersource.html 
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Figure 9. Time series of annual cumulative discharge of Colorado River into Mexico.  The red line represents the amount of flow pledged to be discharged into Mexico each year in a treaty from 1944.  From International Boundary and Water Commission (2010).  http://conference.ifas.ufl.edu/NCER2016/presentations/45_1620_Grabau.pdf 
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