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Outline

• Describe Daugherty Water for Food Global Institute
• Discuss Agriculture in Nebraska and the System of Water Governance
• Describe the GLODET Daily ET product
• How it can be used for drought monitoring
• Partner: National Drought Mitigation Center
• Summarize other relevant activities



Daugherty Water for Food Global Institute
• Founded in 2010 at the University of Nebraska

• Vision: A food and water secure world: one in 
which global food security is ensured without 
compromising the use of water to meet other 
vital human and environmental needs.

• Mission: Lasting and Significant Impact
• Five Focus Areas for research and policy
• Education & Engagement 
• Distributed institute across 4 campuses
• More than 120 faculty and global fellows, plus 

postdoctoral researchers, and students
• Collaborations with other universities, 

industry, non-governmental organizations, and 
government agencies around the world to 
address issues on a global scale.



Who we work with:
DWFI partners



DWFI: Where We Work

Current as of June 30, 2018



Nebraska: A Substantial Irrigator

8.0



Nebraska leads the nation in total irrigated 
area (3.4 million ha)
 >90% of irrigation water from groundwater
 > 96000 active registered irrigation wells

High Plains Aquifer (Ogallala Aquifer)

2/3 of the HPA water 
stored in Nebraska

Corn Soybean

Nebraska’s agriculture - irrigation

Irrigation application rate is dropping



Nebraska agro-climate zones

Land cover map 
from SNR-UNL
Zones from 
Sharma and 
Irmak (2012)

Agricultural Climatic Zones (Sharma and Irmak, 2012)



Active Irrigation Wells 
     ~ 96,000
$6-8 Billion Investment

Irrigation
Well

Irrigation 
Development

Major development 
occurred in 70’s, but growth 
continues at about 2000 
wells per year Courtesy of Derrel Martin



Depletion as 
Fraction of 
Saturated Thickness 
of the Aquifer 
(McGuire , 2011)

Depletions in southern High 
Plains > 50% of saturated 
thickness

Small area in Nebraska >  
25% of saturated thickness



Natural Resource Districts and Water Control Programs in Nebraska

• Allocation Programs Limit Volume of Pumpage Over a Period of Time
• Expansion Limits Restrict Development of New Wells or New Irrigated Areas
• Upper Big Blue Considering Allocation Program
• Other Western States Have Similar Issues/Programs



Upper Republican NRD

• All irrigation wells are 
equipped with flow meters

• There is a pumping cap of 
300 mm/year (12 inches), or 
1500 mm over 5 years.  

12

Flow meter with real time telemetry



Manual water level observations 
are typically conducted in late 
winter/early spring, prior to
the beginning of the irrigation
pumping season







Objective: Assess WP at different spatial and 
temporal scale

Work components:
1. Crop water productivity 
2. Livestock water productivity 
3. Water, energy, and carbon footprint of 

bioethanol from corn compared to 
sugarcane

https://waterforfood.nebraska.edu/resources

Reports and Working Papers

https://waterforfood.nebraska.edu/resources


Crop water productivity (WP) indicators

• WP is generally defined as a yield or biomass output over water input
• Example of Four WP indicators:

Total water productivity

Total available WP Total 
consumed WP

Equation 𝑊𝑊𝑊𝑊𝑡𝑡,𝑎𝑎 =
𝑌𝑌

(𝑃𝑃 + 𝐼𝐼 + 𝑆𝑆𝑆𝑆) 𝑊𝑊𝑊𝑊𝑡𝑡,𝑐𝑐 =
𝑌𝑌
𝐸𝐸𝐸𝐸

Irrigation water productivity

Applied 
irrigation WP

Consumed 
irrigation WP

𝑊𝑊𝑊𝑊𝑖𝑖,𝑎𝑎 =
𝑌𝑌𝑖𝑖𝑖𝑖 − 𝑌𝑌𝑟𝑟𝑟𝑟

𝐼𝐼
𝑊𝑊𝑊𝑊𝑖𝑖,𝑐𝑐 =

𝑌𝑌𝑖𝑖𝑖𝑖 − 𝑌𝑌𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 − 𝐸𝐸𝐸𝐸𝑟𝑟𝑟𝑟



Crop water productivity methodology



Corn Soybeans

Temporal variation in WP of corn and soybeans

1.7X 1.8X

Corn Soybeans



Spatial variation of WP of corn and soybeans

Irrigated soybeans

Irrigated corn Rainfed corn

Rainfed soybeans



Livestock products WP

𝑊𝑊𝑊𝑊 =
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 (𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚, 𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒)

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

Water consumption = WF of feed 
                                + drinking water 
                                + service water



Change in livestock productivity and Feed 
Conversion Ration (FCR)

 In 2016, fewer animals were needed to produce relatively large quantity of livestock products.

1.4x

1.5x 3.8x

1.2x

 In 2016, less feed required per unit of livestock products.



WP of livestock products

kg edible product/m3 g protein/m3 kcal/m3

Human 
edible 
feed

Total 
feed

Depending on how 
we define input and 
output we may have 
different WP 



ALEXI/VIIRS Satellite Global Daily ET Product (GLODET) WEB Interface
• Users will register to view and download the product
• Updates, track the applications and research using the product
• Model runs at HCC supercomputer center at University of Nebraska-Lincoln

https://glodet.nebraska.edu/index.html#/

https://glodet.nebraska.edu/index.html#/


Clear Sky Land Surface Temperature from VIIRS  
Clear-sky land surface temperature valid at 0900 UTC on 1 August 2015. LST and cloud masks were generated from 
VIIRS I5 BT band.  LST was computed using a single channel retrieval based on an atmospheric correction of the I5 band with 
CFSR atmospheric water vapor data. Thermal IR band spatial resolution is 375 m.  



The ALEXI model runs the TSEB



Daily Evapotranspiration from VIIRS

Spatial distribution of daily ET on May 1, 
2015, produced by the ALEXI model at 
~400 m resolution

mm/day



Development of a High-Resolution (375-m) VIIRS ET Product
Annual ET estimated from integrating daily values for 2018

mm/year



Proposed 15 x 15-degree processing tiles (375-m) VIIRS ET Product for 
Major food producing areas of the world



VIIRS ALEXI Daily ET for Tile 54 at 400 m 
pixel resolution over  the Central Plains of 

the USA   



mm/da
y 8.0

6.0
4.0
2.0
0.0

Nile Delta Irrigation
VIIRS daily ET mm/d

Daily ET calculated at VIIRS 375 m using the 
ALEXI model. 

Daily ET downscaled from ALEXI using the 
PyDisALEXI model and Landsat Imagery.



Preliminary Ground Verification of ALEXI VIIRS ET Values @375 m, Tile 54, 
Carbon Sequestration Ameriflux Site, Mead NE also on Parallel 41 Flux Network

NE1 Continuous maize crop: 
RMSE= 1.09, MAE=0.87; 
NE2 Soybean/Maize rotation with 
Maize: 
RMSE= 1.0, MAE=0.81 
NE3 Rainfed Soybean/Maize 
rotation with Maize: 
RMSE= 1.34, MAE=1.03.



Sequence of Daily Evapotranspiration over Tile 153 Brazil



Comparison of ALEXI Daily ET with EC Flux Tower ET in Southern Brazil
Santa Maria EC Tower (SMA) /natural grassland

y = 0.9191x
R² = 0.8781
MBE=-0.21
MAE=0.52
RMSE=0.65
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SMA EC Tower vs ALEXI 2014 



Comparison of ALEXI Daily ET with EC Flux Tower ET in Southern Brazil
Santa Maria EC Tower (SMA) /natural grassland

y = 0.8914x
R² = 0.8595
MBE=-0.14
MAE=0.47
RMSE=0.61
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SMA EC Tower vs ALEXI 2015

y = 0.9567x
R² = 0.8661
MBE=-0.01
MAE=0.53
RMSE=0.72
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Policy + 
Planning

Policy + 
Decision 
Makers

Educators 
and 

Students
Media

General 
Public Other 

Scientists

National Drought Mitigation Center 
(NDMC)

Monitoring 
+ Early 

Warning

Vulnerability 
and Risk 

Assessment

Drought Science 
(27 Staff: 50-50 mix)

Usable, Actionable, & Policy 
Informing Information

Services, Education, 
Outreach, & 
Engagement

NATIONAL DROUGHT MITIGATION CENTER





U.S. Drought Monitor (USDM):

• State-of-the-science drought 
assessment in the U.S. since 1999
• Collaborative effort between 

NOAA, USDA and NDMC

• Composite indicator blends 
objective indicators and indices 
with field input from over ~450 
experts 

• “Convergence of Evidence” 
approach

• Policy implications in Farm Bill 
(USDA), IRS, Federal Reserve 
Board, CDC, FERC, NOAA-NWS 
and several state drought plans 
and task forces

• “Go to source” for media and the 
public
• ~12+ million page views 

annually

(Science before Policy)





Past and Present NDMC International CDI Activities





Final Comments
• DWFI is represented on the World Water Council board of governors by Peter McCornick 

and Christopher Neale
• Involved in the organization of the next World Water Forum in Bali, Indonesia (May 2024).  

Leading the theme Water for Food and Agriculture, involved in the Regional process of the 
Americas (invited IICA to join the effort)

• DWFI is partnering with IICA on their new initiative on Water and Agriculture
• Other examples in Latin America:
- Dominican Republic: Partnering with PUCMM, NRCE Fort Collins on several international 
tenders by INDRHI, funding from IDB and World Bank:  National Irrigation Plan, updating the 
Irrigation Water Users Database, Design of Irrigation Canal
- Brazil:  Recently signed and agreement with the government of the State of Mato Grosso to 
study surface and groundwater availability to intensify existing agricultural area through 
sustainable irrigation (APROFIR and UFV are partners).  Had a similar project for the western 
State of Bahia.
• We are open for cooperation with country, state, regional governments, NGO’s, private 

companies etc. as long as it leads to furthering our mission of water and food security



cneale@nebraska.edu

Thank you!
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