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Western irrigated agriculture is an essential and highly valued part of the mosaic of land uses, but the 

combination of urban growth, weather and flow variability and difficult farm economics threatens large 

losses of irrigation from more reliable (senior) water rights.  These are often held on earlier-irrigated best 

lands, rapidly disappearing into urban sprawl, and increasingly consolidated into giant corporate 

operations.  Farmers in workshops held by the Ditch and Reservoir Company Alliance (reports posted; 

website below) have shown great skepticism of the incremental and small changes in ATMs for many 

reasons. They need ways to re-think farming systems that in many cases are barely getting by – transition 

to long-term viability in increasingly difficult times will be difficult and not free.  But, conservation of 

good productive land will be a great investment! 
 

What is not being undertaken is work on supporting them in re-thinking the agricultural landscapes 

for increased resilience, ecosystem services and water supply, and conservation of productive 

capacity.  The urban water suppliers demand permanent supplies – why not take seriously the goal of 

permanent, resilient agriculture and farming families? The posted essay proposes reasons and actions; 

now we need to get started.  Ag. researchers talk about “farming systems” – irrigators think very 

carefully about the ways all parts of the enterprise relate.  Cities and water suppliers are 

anticipating changed water resources – now they must also anticipate regional values and needs. 

 

The importance of high-quality soil for productivity, water conservation, water quality, and carbon in soil 

organic matter is enormous for the farming, and it is increasingly known to be a critical part of the climate 

system.  In the near future, the value of good soils and farming will very likely be much higher, as 

climate change accelerates, and we approach or cross “tipping points” which are likely to cascade.  If 

fossil fuel use and C and CH4  releases also accelerate, the value of productivity and capacity to adaptively 

manage will be far higher.  The new science is very alarming, especially for soil conservation and yields. 

 

There are a set of things we need to know about. If we try to work with only one or two, we may 

be trying to jump a six-foot ditch one foot at a time!  The farming systems are hard to change but it can 

be done and must be done – carefully and with risk managed.  A shrinking but critical near half of 

Colorado land in farms and private ranchland has “small and medium” sales and often at high financial 

risk.  Keeping agricultural water available will not be enough if we lose farms for other reasons.  The 

bottom line: Landscape-scale, multi-farm diversified agriculture with net profit is likely necessary to 

conserve remaining productivity, resilience to weather and market variability, preserve remaining water 

quality and ecosystem services (e.g. de-nitrification of agricultural run-off), improve food security and 

preferences, and conserve amenity, recreational and real estate values.  And, we should enable use of 

farming system changes to support large or multi-ditch water-sharing transfers from viable farms.  

 

WHAT WE NEED TO LEARN MORE ABOUT WHAT WE CAN DO: 

 

Long-term economics of diversified farming and rotation systems:  Converting to different kinds of 

production has costs, but how long does it take to pay off and begin profits for more complicated 

rotations, more cover crops, more diversified production and lower-input farming?  Evidence is mounting 

that low-input and more diversified cropping restores soil and increases long-term profitability, but this 

is not adequately known nor is there adequate support for transition.  Not so long ago, farming was much 
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more diversified. Resilience to weather and market surprises included more eggs and more baskets! 

Marketing for local sales has improved dramatically, but we need integration of alternative and 

conventional agriculture experience into forms of information that producers and Extension use.  

Demonstration is the most valuable dissemination.  Stewardship of the land is a huge farmer value; enable 

it!  ATMs can’t be evaluated outside of farming systems. 

 

Right-Sizing for Net Profits: If a group of farmers try something new, can they right-size capital 

investments in different kinds of equipment?  Cities own a lot of equipment and do a lot of maintenance; 

cash is not the only thing to exchange.  Local custom operations?  Benefit corporations or cooperatives?  

Lower cost and higher net is critical for resilience.  

 

Long-term Financing:  Our topsoil and long-term productive capacity is being lost to annual or short-

term planning horizons and short-term pressures for cash profits.  Other basic infrastructure uses long-

term finance, typically 30 years, from home mortgages to water supply construction, to match costs to 

benefits over the life of things.  We should be using municipal-multi-ditch water sharing with farm-to-

institution sales of food and fuel, and farming improvements and water transfers with low-cost capital.  

 

Land and Soil Potential:  In the long term, we want to be working with the terrain and with the 

ecology for soil conservation, for wind breaks, integrated pest and pollinator management, drainage and 

filtration management, and conserving amenities and such benefits as wildlife (and hunting income).  

There is no doubt that the landscape scale works far better for conservation than the rectangular grid.   

 

Land, Houses, and Tax Management:  Rural residential development breaks up the landscape and 

management choices and also costs counties typically far more for services than the taxes pay for – we 

lose all ways.  People love open space, near-by basics and retail; there are opportunities for high-quality 

low-cost “smart growth” that supports and fits with farming See CO Ag Dept. David Carlson’s Ag 

Preservation and Development Assns.: http://aic.ucdavis.edu/research1/Conserv.ag.pdf .  

 

Water Law, Efficiency and Agricultural Stability:  Private property rights are the basis for markets and 

we can increase their value and the values of conserving.  Long-term security can increase with more 

support for public benefits that include avoiding expensive and environmentally dangerous thresholds like 

total maximum daily loads.   Keys to efficiency include making innovation easier, lower transactions 

costs and less expensive burdens of proof – such as presumptive figures rather than all new engineering, 

and reasonable kinds of reversibility if we are badly surprised.  Stability can come from taking farming 

in safer directions.  For example, rotational fallowing must also accommodate cover cropping.  

Diversification can accommodate fuel crops in the mix, providing safer and cost-controlled city and farm 

supplies.  The new technologies of measuring and following flows are an opportunity we should take.  

Usable water supplies are not likely to increase. (Summer 2016 U of Denver Water Law Review – Howe 

and Wiener article has more on water law issues we can address.)  

 

We need progress in all of these parts to build towards a future where our grandchildren will want to and 

be able to farm.  Ideally, a wide range of institutions can begin working with ditches on their 

preferences for “what is the best we can do here for all of these resources into the future?”   
 

DARCA (the Ditch and Reservoir Company Alliance) has held long-day workshops on planning and 

ATM concerns and we propose that a practical start is to work with willing ditch companies on 

discovering their long-term goals, and then meshing water sharing that helps succession, stewardship, and 

safe transition to farming systems that will provide resilience and long-term viability.  

The powerpoint essay, GETTING ATMs RIGHT is a referenced approach to these issues and 

proposes a way forward.  Please see www.colorado.edu/ibs/eb/wiener/  presentations, and updates 

for the Colorado Water Congress and DARCA, new slides and references for these claims.   
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Selected references for John Wiener’s presentation slides at Colorado Water Congress, in the 

Ditch and Reservoir Company Alliance Workshop: 

Due to keeping slides suitable for pdf format, the references for some claims are provided here.  

These are largely selected from recent publications from 2016 and this is not an exhaustive 

survey of the relevant journals.  First, on the economics; second set recent on agriculture issues. 

On the costs of climate mitigation, adaptation and damages and some related items: 

If you see only one item, this is from the world-famous author of the United Kingdom’s “Stern 

Review” in 2008-2009, which the author now regards as very badly underestimating the costs of 

climate change and thus underestimating the value of reducing emissions and undertaking 

adaptation.  There has been a great deal of new thinking now that people are starting to work 

with multiple tipping points. 

*** Stern, N., 2016,   Economics:  Current Climate Models are Grossly Misleading.  Nature 530: 

407-409 (25 Feb 2016),  http://www.nature.com/news/economics-current-climate-

models-are-grossly-misleading-1.19416 

 

American Society of Civil Engineers, 2016, Failure to Act: Closing the Infrastructure Investment 

Gap for America’s Economic Future; Update. [Of 2013 Report Card on infrastructure 

needs.] Reston, VA:  American Society of Civil Engineers. <reportcard@asce.org> ; 

www.ace.org/failuretoact 

Bettis, O.D., S. Dietz, and N.G. Silver, 2016, The Risk of Climate Ruin. Climatic Change (2017) 

140:109.  118  DOI 10.1007/s10584-016-1846-3. 

 

Cai, Y., T.M. Lenton, and T.S. Lontzek, 2016,  Risk of Multiple Interacting Tipping Points 

Should Encourage Rapid CO2 Emission Reduction. Nature Climate Change 6: 520-525 

 

Dietz, S., A. Bowen, C. Dixon and P. Gradwell, 2016 “Climate Value at Risk” of Global 

Financial Assets.  Nature Climate Change 6: 676-679.  doi:10.1038/nclimate2972 

 

Drijfhout, S. Bathiany, C. Beaulieu, V. Brovkin, M. Claussen, C. Huntingford, M. Scheffer, G. 

Sgubin and D. Swingedouw, 2015, Catalogue of Abrupt Shifts in Intergovernmental 

Panel on Climate Change Climate Models.  Proceedings of the National Academy of 

Sciences on-line:  www.pnas.org/cgi/doi/10.1073/pnas.1511451112. 

 

Editorial, 2016, Topping the Tables: Failure of Climate Change Mitigation and Adaptation ranks 

as the Most Impactful Risk to Society According the 2016 Global Risks Report from the 

World Economic Forum.  Nature Climate Change 6: 219.  doi: 10.1038/nclimate2955 

 

IPCC 2014: Economics of adaptation. Pp 945-977 in: Climate Change 2014: Impacts, 

Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of 

Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on 
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Climate Change. Cambridge University Press, Cambridge, United Kingdom and New 

York.  Note:  Working Group III report is on economics, ethics, and analysis. https://ipcc-

wg2.gov/AR5/report/full-report/   

IPCC, 2014, Food Security and Food Production Systems.  Pp 485-533 in: Climate Change 

2014: Impacts, Adaptation and Vulnerability.  Part A: Global and Sectoral Aspects.  

Contribution of Working Group II to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change.  Cambridge University Press, Cambridge, 

United Kingdom and New York, NY.  https://ipcc-wg2.gov/AR5/report/full-report/  

IPCC, 2014:  Summary for Policymakers.  Pp 1-32 in: Climate Change 2014: Impacts, 

Adaptation and Vulnerability.  Part A: Global and Sectoral Aspects.  Contribution of 

Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on 

Climate Change. Cambridge University Press, Cambridge, United Kingdom and New 

York, NY, USA.    https://ipcc-wg2.gov/AR5/report/full-report/   

Lemoine, D. and C. P. Traeger, 2016, Economics of Tipping the Climate Dominoes.  Nature 

Climate Change 6: 514-519.  doi:10.1038/nclimate2902 

 

Luderer, G., C. Bertram, K. Calvin, E. De Cian, and E, Kriegler, 2016, Implications of Weak 

Near-term Climate Policies on Long-term Mitigation Pathways.  Climatic Change (2016) 

136: 127-140.  DOI 10.1007/s10584-013-0899-9. 

 

Moore, F.C. and D.B. Diaz, 2015, Temperature Impacts on Economic Growth Warrant Stringent 

Mitigation Policy.  Nature Climate Change (on-line): DOI: 10.1038/NCLIMATE2481. 

 

National Research Council: National Academies of Sciences, Engineering, and Medicine. 2017.   

Valuing Climate Damages: Updating Estimation of the Social Cost of Carbon Dioxide.  

Washington, DC: The National Academies Press. doi: 10.17226/24651.  [Uncorrected 

page proofs, pre-publication]  

 

Office of Management and Budget, 2016, Climate Change: The Fiscal Risks Facing the Federal 

Government.  Washington, D.C.: Executive Office of the President of the United States.  

www.whitehouse.gov/sites/default/files/omb/reports/omb_climate_change_fiscal_risk_re

port.pdf  

Office of Management and Budget, 2016, Standards and Finance to Support Community 

Resilience.  Washington, D.C.: Executive Office of the President of the United States.  

www.whitehouse.gov/sites/default/files/finalresilienceopportunitiesreport.pdf  (access 19 

Jan 17). 

 

Ray, D.K., J.S. Gerber, G.K. MacDonald, and P.C. West. 2015. “Climate Variability Explains a 

Third of Global Crop Yield Variability.” Nature Communications. 6 (Art. 5989). 

http://www.nature.com/ncomms/2015/150122/ncomms6989/full/ncomms6989.html.  

https://ipcc-wg2.gov/AR5/report/full-report/
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Highly recommended; does not consider climate change but trajectories of resource use, etc.: 

Turner, G.M., 2008, A Comparison of the Limits to Growth with Thirty Years of Reality.  Global 

Environmental Change 18(2008): 397-411.   

USGCRP, 2016: The Impacts of Climate Change on Human Health in the United States: A 

Scientific Assessment. Crimmins, A., J. Balbus, J.L. Gamble, C.B. Beard, J.E. Bell, D. 

Dodgen, R.J. Eisen, N. Fann, M.D. Hawkins, S.C. Herring, L. Jantarasami, D.M. Mills, 

S. Saha, M.C. Sarofim, J. Trtanj, and L. Ziska, Eds. U.S. Global Change Research 

Program, Washington, DC, 312 pp.  http://dx.doi.org/10.7930/J0R49NQX 

Vogel, J., K.M. Carney, J.B. Smith, C. Herrick, M. Stults, M. O’Grady, A. St. Juliana, H. 

Hosterman, and L. Giangola, 2016, Climate Adaptation: The State of Practice in U.S. 

Communities.  Troy, MI: Abt Associates and the Kresge Foundation.  

http://kresge.org/library/climate-adaptation-state-practice-us-communities-full-report. 

World Economic Forum, 2016, Global Risks Report, 11th Edition.  Geneva: World Economic 

Forum. http://www.weforum.org/reports/the-global-risks-report-2016.   

+++ 

SOME MOSTLY VERY RECENT REFERENCES ON SOIL, CLIMATE, AGRICULTURE: 

If you see only two items, see these on increasing intensity of precipitation:  

 

Prein, A.F., R.M. Rasmussen, K. Ikeda, C. Liu, M.P. Clark, and G.J. Holland, 2016, The Future 

Intensification of Hourly Precipitation Extremes.  Nature Climate Change on-line 

publication 05 December 2015.  | DOI: 10.1038/NCLIMATE3168.  

 

Donat, M.G., A.L. Lowry, L.V. Alexander, P.A. O’Gorman, and N. Maher, 2016, More Extreme 

Precipitation in the World’s Dry and Wet Regions.  Nature Climate Change 6: 508-513.  

doi:10.1038/nclimate2941 

 

+++ 

The most recent USDA: 

 

Brown, M.E., J.M. Antle, P. Backlund, E.R. Carr, W.E. Easterling, M.K. Walsh, C. Ammann, 

W. Attavanich, C.B. Barrett, M.F. Bellemare, V. Dancheck, C. Funk, K. Grace, J.S.I. 

Ingram, H. Jiang, H. Maletta, T. Mata, A. Murray, M. Ngugi, D. Ojima, B. O’Neill, and 

C. Tebaldi. 2015. Climate Change, Global Food Security, and the U.S. Food System. 146 

pages. Available online at 

http://www.usda.gov/oce/climate_change/FoodSecurity2015Assessment/FullAssessment.

pdf.  

 

Hatfield, J., C. Swanston, M. Janowiak, R. Steele, J. Hempel, J. Bochicchio, W. Hall, M. Cole, S. 

Hestvik, and J. Whitaker, 2015: Midwest and Northern Forests Regional Climate Hub 

Assessment of Climate Change Vulnerability and Adaptation and Mitigation Strategies, 
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T. Anderson, Eds., United States Department of Agriculture, 55 pp. 

http://climatehubs.oce.usda.gov/sites/default/files/pdf/Midwest%20Region%20Vulnerabi

lity%20Assessment%203_20_2015.pdf 

 

U.S. Department of Agriculture, Office of the Chief Economist, Climate Hubs Assessments:  

https://www.climatehubs.oce.usda.gov/content/regional-vulnerability-assessments.  This 

provides access to all of the assessments. 

 

U.S. Global Change Research Program. 2016. Our Changing Planet: The U.S. Global Change 

Research Program for Fiscal Year 2017. Washington, DC, USA. 

http://www.globalchange.gov/browse/reports/our-changing-planet-FY-2017 

 

And from CSU:  Colorado Water Institute, 2016, Special issue of Colorado Water:  Climate 

Smart Agriculture (Vol. 33 No. 1).  

www.coopext.colostate.edu/comptrain/docs/ColoradoWater.pdf. 

 

 

+++ 

Organics and low-input and cover crops: 

 

Cavigelli, M.A., S.B. Mirsky, J.R. Teasdale, J.T. Spargo, and J. Doran, 2013, Organic Grain 

Cropping Systems to Enhance Ecosystem Services.  Renewable Agriculture and Food 

Systems 28(2): 145-159. 

 

Crowder, D.W. and J.P. Reganold, 2015, Financial Competitiveness of Organic Agriculture on a 

Global Scale.  Proceedings of the National Academy of Sciences Early Edition.  

www.pnas.org/cgi/doi/10.1073/pnas.1423674112. 

 

Delate, K., C. Cambardella, C. Chase, A. Johanns, and R. Turnbull, 2013, The Long-Term 

Agroecological Research Experiment Supports Organic Yields, Soil Quality, and 

Economic Performance in Iowa.  Plant Management Network, USDA Organic Farming 

Systems Research Conferences Proceedings.  Published in journal Crop Management   

doi:10.1094/CM-2013-0429-02-RS. 

 

DiGiacomo, G., R.P. King, and D. Nordquist, 2015, Organic Transition: A Business Planner for 

Farmers, Ranchers and Food Entrepreneurs.  Sustainable Agriculture Research And 

Education Program SARE Handbook  No. 12.  Washington, D.C.: US Department of 

Agriculture. 

 

Dosskey, M.G., S. Neelakantan, T.G. Mueller, T. Kellerman, M.J. Helmers, and E. Rienzi, 2015, 

AgBufferBuilder: A Geographic Information System (GIS) Tool for Precision Design 

and Performance Assessment of Filter Strips.  Journal of Soil and Water Conservation 

70(4): 209-217.  doi 10: 10.2489/jswc.70.4.209. 
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Hamilton, S.K., J.E. Doll, and G.P. Robertson, Eds., 2015, The Ecology of Agricultural 

Landscapes:  Long-Term Research on the Path to Sustainability.  New York: Oxford 

University Press. 

 

Lal, R., 2015, A System Approach to Conservation Agriculture.  Journal of Soil and Water 

Conservation 70(4): 82A-88A.  doi:10.2489/jswc.70.4.82A 

 

Lal, R., 2015a, Sequestering Carbon and Increasing Productivity by Conservation Agriculture.  

Journal of Soil and Water Conservation 70(3): 55A-62A.  doi: 10.2489/jswc.70.3.55A. 

 

Lal, R., 2015b, Cover Cropping and the ‘4 per Thousand” proposal.  Journal of Soil and Water 

Conservation 70(6): 141A.  doi: 10.2489/jswc.70.6.141A. 

 

Lal., R., 2015c, Soil Carbon Sequestration and Aggregation by Cover Cropping. Journal of Soil 

and Water Conservation 70(6): 329-339.  doi: 10.2489/jswc.70.6.329 

 

Manale, A., S. Hyberg, N. Key, S. Mooney, T.L. Napier, and M. Ribaudo, 2016, Climate Change 

and US Agriculture: Opportunities for Conservation to Reduce and Mitigate Emissions 

and to Support Adaptation to Rapid Change.  Journal of Soil and Water Conservation 

71(1): 69-81.  doi: 10.2489/jswc.71.1.69. 

 

McBride, W.D. and C. Taylor, 2015, Price Premiums Behind Organic Field Crop Profitability.  

Amber Waves,  September 25,  2015.  Washington, D.C.: U.S. Department of 

Agriculture. 

 

McBride, W.D., and C. Greene, 2015, Despite Profit Potential, Organic Field Crop Acreage 

Remains Low.  Amber Waves, November 2, 2015.  Washington D.C.: U.S. Department 

of Agriculture. 

 

McBride, W.D., C. Greene, L. Foreman and M. Ali, 2015, The Profit Potential of Certified 

Organic Field Crop Production.  ERS Economic Research Report No. 188.  Washington, 

D.C.: U.S. Department of Agriculture.  www.ers.usda.gov/publications/err-economic-

research-report/err-188. 

 

Myers, R. and C. Watts, 2015, Progress and Perspectives with Cover Crops: Interpreting Three 

Years of Farmer Surveys on Cover Crops.  Journal of Soil and Water Conservation 70(6): 

125A-129A.  doi: 10.2489/jswc.70.6.125A. 

 

Pittelkow, C.M., X. Liang, B.A. Linquist, K.J. van Groenigen, J. Lee, M.W. Lundy, N. van 

Gestel., J. Six, R. Venterea and C. van Kessel, 2015. Productivity Limits and Potentials 

of the Principles for Conservation Agriculture.  Nature 517: 365-370;  doi: 

10.1038/nature13809. 

 

Porter, P.A., R.B. Mitchell, and K.J. Moore, 2015, Reducing Hypoxia in the Gulf of Mexico: 

Reimagining a more Resilient Agricultural Landscape in the Mississippi River 
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Watershed.  Journal of Soil and Water Conservation 70(3): 63A-68A.  doi: 

10.2489/jswc.70.3.63A. 
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Other recent references recommended 
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Chicago: The University of Chicago Press. 
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Managing Uncertainty in Soil Carbon Feedbacks to Climate Change.  Nature Climate 

Change 6: 751-758.  doi:10.1038/nclimate3071 

 

Brown, A., 2016, Methane on the Rise.  Nature Climate Change 6: 982.  

doi:10.1038/nclimate3149 

 

Brown, J.R. and J.E. Herrick, 2016, Making Soil Health a Part of Rangeland Management.  
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Carlisle, L., 2016, Factors Influencing Farmer Adoption of Soil Health Practices in the United 

States: A Narrative Review.  Agroecology and Sustainable Food Systems 40(6):  583-

613,  DOI:  10.1080/21683565.2026.11565696.   

 

Center for American Progress, 2016, The Disappearing West: Colorado Fact Sheet.  

https://www.disappearingwest.org/factsheets/colorado.pdf  (accessed 12 Jan 17); subset 

of www.DisappearingWest.org (working with Conservation Science Partners, Inc.)  

 

Chambers, A., R. Lal, and K. Paustian, 2016, Soil Carbon Sequestration Potential of US 

Croplands and Grasslands:  Implementing the 4 per Thousand Initiative.  Journal of Soil 

and Water Conservation 71(3): 68A – 74A.  doi:10.2489/jswc.71.3.68A 

 

Chappell, A., J. Baldock, and J. Sanderman, 2016, The Global Significance of Omitting Soil 
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191.  doi:10.1038/nclimate2829 
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DiNatale Associates, 2013, Alternatives to Permanent Dry-Up of Formerly Irrigated Lands. 
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http://www.dinatalewater.com/files/ECCV_Alternatives.pdf 

 

Earth Economics, 2016, Updated: Communicating and Investing in Natural Capital Using Water 

Rates factsheet.   http://www.eartheconomics.org/all-publications/2016/5/20/updated-

factsheet-communicating-and-investing-in-natural-capital-using-water-rates   (accessed 

12 Jun 16) 

 

Environmental Defense Fund, 2016, Alternative Water Transfers in Colorado: A Review of 

Alternative Transfer Mechanisms for Front Range Municipalities, Prepared by 

WestWater Research.  Denver and Fort Collins, CO: Environmental Defense Fund.  On-

line: edf.org/ATMreport. Appendices at http://bit.ly/ATMx45.  
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Trading.  Journal of the American Water Resources Association (JAWRA) 51(3): 719-
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Gonzalez-Eguino, M. and M.B. Neumann, 2016, Significant Implications of Permafrost Thawing 

for Climate Change Control.  Climatic Change (2016) 136: 381-388. DOI 
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