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Water Cycle

Source: https://www.noaa.gov/education/resource-collections/freshwater/water-cycle

The water cycle. (Dennis Cain/NWS)



World Agriculture Land

Percent of Global Cropland Worldwide Demand for Fibers

16% Natural

Cotton 2%
_ 28%
Rice
14%

Soybeans
9% Synthetic

Other 65%

Manufactured
5%

Cotton
3%

Cotton meets 28% of the world’s textile needs from 3% of the agricultural land

Sources: Land use: FAO, 2013; Fiber Use: Horn and Snowman, 2013




Life Cycle Assessment Overview

Source: Cotton Incorporated (2017). LCA Update of cotton fiber and fabric life cycle. https://cottontoday.cottoninc.com/wp-content/uploads/2019/11/2016-LCA-Full-Report-Update.pdf
- _____________________________________________________________________________________________________________________________________________________________________________|



LCA Goal, Scope Functional Units

Cradle-to-Gate Fiber

Global Average G
Knit Single Jersey arment Garment

Fabric Use End of Life
Manufacture

Global Average
Knit Single Pique Garment Garment

AIEELE Fabric Use End of Life
Cotton Fiber Manufacture

Global Average Garment Garment
Woven Twill Fabric

Use End of Life
Manufacture

Source: Cotton Incorporated (2017). LCA Update of cotton fiber and fabric life cycle. https://cottontoday.cottoninc.com/wp-content/uploads/2019/11/2016-LCA-Full-Report-Update.pdf



Overall Results for a Knit Collared Shirt

Global Energy Water Woater
Warming Quality Consumption

Source: Cotton Incorporated (2017). LCA Update of cotton fiber and fabric life cycle. https://cottontoday.cottoninc.com/wp-content/uploads/2019/11/2016-LCA-Full-Report-Update.pdf




Agricultural Phase Detaills
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Source: Cotton Incorporated (2017). LCA Update of cotton fiber and fabric life cycle. https://cottontoday.cottoninc.com/wp-content/uploads/2019/11/2016-LCA-Full-Report-Update.pdf




How do we interact with water?



Interactions with Water

Water Use/Water Withdraw

Water that has been withdrawn or
required for a process/product
regardless of whether it is returned or
removed from the watershed

Water Consumption

Withdrawn and removed from a

water basin through evaporation,
iImbedded in a product or through

other means Getty



Power Plant Example

Consumption = water that evaporates
and is not returned to the river.

Use = withdraw = All water that goes
into the power plant.

Getty



Water Consumption & Use Hotspots

Cradle to Grave

» Collared shirt
« ~87% water consumption in seed to bale
« ~14% water use in seed to bale
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mSeed toBale mTextile Manufacturing ® Cut/Sew, Use, Disposal  ®Transport

Source: The Life Cycle Inventory & Life Cycle Assessment of Cotton Fiber & Fabric. (2016). Cotton Incorporated.
https://cottontoday.cottoninc.com/wp-content/uploads/2019/11/2016-LCA-Full-Report-Update.pdf



Water Consumption vs. Use
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Source: The Life Cycle Inventory & Life Cycle Assessment of Cotton Fiber & Fabric. (2016). Cotton Incorporated.
https://cottontoday.cottoninc.com/wp-content/uploads/2019/11/2016-LCA-Full-Report-Update.pdf



Water Consumption to Make Cotton for a T-shirt

T-shirt water consumption across
life cycle: 177 gallons (2.2 bathtubs)

T-shirt agriculture water
consumption: 157 gallons
(irrigation)

Assume 225 gram n
Cotton Incorporated (2016). LCA Update of Cotton Fiber and Fabric Life Cycle Inventory. https://cottontoday.cottoninc.com/Ica-2016/ ssume 5 gra cotto



https://cottontoday.cottoninc.com/lca-2016/

Water Use to Make Cotton for a T-shirt

T-shirt water use across life cycle:
1,500 gallons

85% of water use is not in cotton
growth

Assume 225 gram n
Cotton Incorporated (2016). LCA Update of Cotton Fiber and Fabric Life Cycle Inventory. https://cottontoday.cottoninc.com/Ica-2016/ ssume 5 gra cotto



https://cottontoday.cottoninc.com/lca-2016/

Not a Comparative LCA

Cotton Incorporated (2016). LCA Update of Cotton Fiber and Fabric Life Cycle Inventory. https://cottontoday.cottoninc.com/Ica-2016/

https://textileexchange.org/wp-content/uploads/2017/06/TE-LCA_of_Organic_Cotton-Fiber-Summary_of-Findings.pdf


https://cottontoday.cottoninc.com/lca-2016/

How do we measure the impacts
of our interactions?



Methods for Measuring Impacts

1. Water footprint (WFP)

waterfootprint.org/en

2. Avallable water remaining (AWARE)

wulca-waterlca.org/aware.html



https://waterfootprint.org/en/
http://www.wulca-waterlca.org/aware.html

Water Footprint

The water footprint of a product
IS an empirical indicator of how
much water is consumed, when
and where, measured over the
whole supply chain of the
product.

Source : https://waterfootprint.org/media/downloads/Report-48-WaterFootprint-AnimalProducts-Voll.pdf



Water Footprint Network

Green Water Footprint
Volume of rainwater evaporated or
Incorporated into a product

Blue Water Footprint
Volume of surface or ground water
evaporated or incorporated into a product

Gray Water Footprint
Volume of water needed to assimilate pollution

Getty Images



Methods for Measuring Impacts

1. Water footprint (WFP)

waterfootprint.org/en

2. Avallable water remaining (AWARE)

wulca-waterlca.org/aware.html



https://waterfootprint.org/en/
http://www.wulca-waterlca.org/aware.html

Global Water Scarcity



Avalilable WAter REmaining (AWARE)

Asking the Right Question...

What is the potential of depriving another user of water
(human or ecosystems) when consuming water in this area?

Developed by a multi-stakeholder initiative
Water Use In Life Cycle Assessment (WULCA)

wulca-waterlca.org/aware.html



http://www.wulca-waterlca.org/aware.html

Water Use Efficiency

« Water Use Efficiency (WUE) is also referred to as “Water Productivity”

« WUE is the mass of economically valuable product per volume of all
water consumed (irrigation and rainfall)

 Sometimes it is defined based only on the mass of fiber produced
when applied to cotton.

« Approximate value for cotton: 0.23 kg fiber per cubic meter of
water (50 pounds of fiber per inch of rainfall on an acre of land)

Mass of cotton fiber |and seed|

WUE =
Volume of Water Consumed

Zwart, S.J. and W.G.M. Bastiaanssen. 2004. Review of measured crop water productivity values for irrigated wheat, rice, cotton and maize. Ag. Water Man. 69:115-133



35 Years of Reduced Environmental Impact

Land Use  Soll Loss Water Energy

49% 37% 719% 54% 40%




U.S. Cotton’s Sustainabillity Goals for 2025




10-Year Goal Demonstrates Cotton’s

Leadership in Water Use Efficiency

Water Use
History

23%



10-Year Goal Demonstrates Cotton’s

Leadership in Water Use Efficiency

Water Use Water
History  Use Goal

5304, 18%



10-Year Goal Demonstrates Cotton’s

Leadership in Water Use Efficiency

Water Use ~ Water Water Use Is the gallons of
History  Use Goal irigated water used to
produce a pound of cotton

Currently using 540 gallons to
produce 1 pound of fiber and
1.3 pounds of cottonseed

10-year goal is 460 gallons

5304, 18%



10-Year Goal Demonstrates Cotton’s

Leadership in Water Use Efficiency

Water Use Water
History  Use Goal

Inch of Irrigation per Lb Fiber Increase

18%

23%



10-Year Goal Demonstrates Cotton’s

Leadership in Water Use Efficiency

Water Use Water
History  Use Goal

Inch of Irrigation per Ib. fiber increase

5304, 18%



Reaching Our Water Goal

@ collonworks



Cotton

Cotton’s Global
Water Use

Cotton production uses
3%
of the world’s
agricultural water



U.S. Water & Yield Trends
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Maximize Rainfall Capture Optimize Irrigation Water Use

water

Strategy

Increase Plant Water Productivity Evaluate with Credible Metrics

Top left, top right, bottom left photos courtesy of Dr. Ed Barnes
Bottom right photo from Getty



Maximizing Rainfall: Soil Health & Farm Ponds




Optimizing Irrigation:
Water Delivery
Systems



Optimizing Irrigation: Precision Timing



Optimizing Irrigation: Advanced Data Models

Rainfall Temperature Soil

N Y 7

Crop Model

e Theoretical YieYd Potential
e 40 Year simulations of decision

Grower Decision Aids Crop Simulation Ecosystem Services

e Planting conditions e Strategic decisions: e Carbon storage

e Thrips e Irrigation profitable? e Water quality improvements
e Irrigation e Rain for cover crop? e Habitat enhancement

e Future: Real-time decisions



How much water does cotton

Arid - Long Season Humid - Short Season
9 9
Crop water use: 118 cm _
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Based on calibrated crop simulation model outputs described in:

Thorp, K. R., Barnes, E. M., Hunsaker, D. J., Kimball, B. A., White, J. W., Nazareth, V. J.,, Hoogenboom, G., 2014. Evaluation of CSM-CROPGRO-Cotton for simulating effects of management and climate change on cotton growth and
evapotranspiratin in an arid environment. Transactions of the ASABE, 57(6), 1627-1642. doi:10.13031/trans.57.10612, and

Spivey, T.A., G. G. Wilkerson, G. S. Buol, K. L. Edmisten, and E. M. Barnes. 2018. Use of the CSM-CROPGRO-Cotton model to determine the agronomic and economic value of irrigation to upland cotton production in North and South
Carolina. Trans. ASABE 61(5): 1627-1638. https://doi.org/10.13031/trans.12801



Seasonal Water Use — Arizona

USDA, ARS CR Report #29
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Increasing Cotton’s Plant Water Productivity

Tap Root Development

(36 cm)

(91 cm)

Root image source credit to Dr. Derrick Oosterhuis, U. of Arkansas



Finding Cotton with Even More Drought Tolerance






https://cottoncultivated.cottoninc.com/resource-directory/?_sft_category=production+water-management

Cotton's Agricultural
Water Summary

o Cotton - 3% agricultural water use
o Cotton is heat & drought tolerant
« Uses less water than a grass lawn

« About 4.4 cubic meters of rainfall
and/or irrigation for 1 kg of fiber

« Water used for cotton represents
less than 3% of a person’s water
consumption

« Actively researching how to further
increase cotton’s water productivity






Pathways to Progress
Increasing Cotton’s Water Efficiency
















Pathways to Progress
Increasing Cotton’s Water Productivity

Submit all final questions now Please take our brief survey on today’s
using the Q&A feature. presentation prior to exiting the webinar.
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