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Why do I care about irrigation 
and food production?
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M. M. Mekonnen and A. Y. Hoekstra: The green, blue and grey water footprint of crops 1583

Fig. 3. Contribution of the blue water footprint to the total consumptive (green and blue) water footprint of crop production. Period: 1996–
2005.

m3 ton�1; dates 2300m3 ton�1; grapes 2400m3 ton�1;
figs 3350m3 ton�1.

– For alcoholic beverages we find: a water footprint of
300m3 ton�1 for beer and 870m3 ton�1 for wine.

– The water footprints of juices vary from tomato juice
(270m3 ton�1), grapefruit juice (675m3 ton�1), orange
juice (1000m3 ton�1) and apple juice (1100m3 ton�1)
to pineapple juice (1300m3 ton�1).

– The water footprint of coffee (130 l cup�1, based on use
of 7 gram of roasted coffee per cup) is much larger than
the water footprint of tea (27 l cup�1, based on use of 3
gram of black tea per cup).

– The water footprint of cotton fibres is substantially
larger than the water footprints of sisal and flax fibres,
which are again larger than the water footprints of jute
and hemp fibres.

One should be careful in drawing conclusions from the
above product comparisons. Although the global average

water footprint of one product may be larger than the global
average water footprint of another product, the comparison
may turn out quite differently for specific regions.
The water footprints of crops vary across countries and

regions as well. This is mainly due to differences in crop
yields, as shown in Table 4 for the case of cereal crops. Rel-
atively small water footprints per ton of cereal crops were
calculated for Northern Europe (637m3 ton�1) and Western
Europe (654m3 ton�1). On the other hand, with the excep-
tion of Southern Africa, the water footprints of cereal crops
are quite large in most parts of Africa. While the average
crop water requirement in Europe was only 11% lower to
that observed in Africa, the average water footprint of ce-
real crops in Europe was about three times smaller than in
Africa, which can mainly be explained by the higher aver-
age yield in Europe (3.4 ton ha�1) compared to that observed
in Africa (1.3 ton ha�1). A similar observation can be made
for other regions as well: while crop water requirements in
America, on average, are higher than in Asia, due to a higher
yield, the average water footprint of cereals in America is
smaller compared to the value calculated for Asia. Figure 4

www.hydrol-earth-syst-sci.net/15/1577/2011/ Hydrol. Earth Syst. Sci., 15, 1577–1600, 2011

Mekonnen and Hoekstra 2011

• Global Water Footprint 1996-2005 was 7404 Gm3 yr-1 (78% Green, 12% Blue, 10% Grey)
• Blue water use relatively small but critical in localized areas

Green vs. Blue Water & Hot Spots of Social Unrest?



!"#$"%&'()*+),-*.%&'()
'/)0*%1-*%"2)34&.5("++)

'/)%4")671&/"-)
89.:1&-");)<=>>?

!"#$"%&'()*&(*)'+%,"-(*.&/,*
0$1&()*2*345*'6*)1%+-1%"7*
%,&89("))

:;1$$*1-"1*&(*<"=-1)91*2**
>35*'6*)1%+-1%"7*%,&89("))

!"#$%&'(!"#$%&'(
)*$+,()*$+,(
-'.//

01+%*&(*@$")A+")'/)B&C4)D$*&(+)671&/"-E



!"#$%&'(&)**+,-.+'/
01''2&)**+,-.+'/ 3$/.$*&#+4'.&)**+,-.+'/

56*(-7$&8*+#&)**+,-.+'/ 569%6*(-7$&8*+#&)**+,-.+'/

:;'.'&7*$2+.<&='',1$&%$-*7;>&?-1@'/.&)/26%.*+$%



!"#"$%&'%(')##*+",*%-'.((*/*0-/1
!"#$%&'()*+#,+&%("-+-%".')#&%,/+%01'2+%3/+.+%4#,.'&)(,4'#%'5%,+(/#'1'0$%
1+"&-%,'%#+,%4#(.+"-+%4#%-$-,+*%3",+.%)-+6



§ By 2050 FAO predicts needed increase of 70% in cereal 
grains to feed 9.5 billion people (FAO 2012)

§ 70% of global human water consumptive use for 
agriculture, 40% of global food production is from irrigation 
agriculture covering only 20% of land (Molden 2007, 
Schultz 2005)

§ Estimated that 60% of 2,500 trillion liters used for 
agriculture is wasted for non-productive ET (Clay 2004)

§ Investment in advanced technology can lead to “paradox of 
irrigation efficiency” and net increase in water use for 
system (Grafton 2018) 

Motivation Summary
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How does irrigation scheduling 
work?
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What do I work on in Nebraska?
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Platte River Basin Cosmic-ray Monitoring Network
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CRNSs in the real world
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Design of Detectors and Experiments
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Rover Calibration Across Nebraska, USA
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Calibration in the Alps

Spatial mean +/- 1 s.d.
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Calibration in the Alps

Spatial mean 
+/- 1 s.d.
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Calibration in the Alps
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T5 Results

In collaboration with L. 
Gapsar and A. Navas
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2-D Surveys in NE, USA

Image sharpening technique with drop-in-the-bucket inverse 
distance weighted algorithm used by NASA SMAP team



§ Difficult to accurately measure water availability in the soil 
at the measurement scale of water application (individual 
nozzle and center-pivot) with existing point based 
technology. That uncertainty leads to overwatering as to 
not adversely affect yield.

Hypothesis

30Images courtesy of Valmont Inc.
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Soil Sampling

• Collected 31 undisturbed soil cores at 20cm depth
• Sample locations chosen based on SSURGO soil 

boundaries, EOFs, and EM surveys
• Samples were placed in a cooler in the field and 

then stored in a freezer at the lab

SSURGO EOF1 EOF2 ECa



Calculating Field Capacity/ Wilting Point

Decagon HYPROP
• Records mass change and change in tension



Soil Water Retention Curve Generated by 
HYPROP Software 

Wilting Point

Field Capacity

Available water
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Strategies Moving Forward

• Collect 4+ hydrogeophysical maps at different SWC (medium to dry 
conditions)
• Use self driving car, existing farm equipment to reduce costs?
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Strategies Moving Forward

• Collect 4+ hydrogeophysical maps at different SWC (medium to dry 
conditions)
• Use self driving car, existing farm equipment to reduce costs?

• Use hydrogeophysical EOFs and elevation to select 5-7 sampling 
locations per 160 acres (90% reduction in samples)
• EOF additional spatial dataset uncorrelated to satellite imagery (CRNP=10-12 

m and EMI=105 m vs. 10-7 to 10-5 m for visible, NIR, IR)
• Novel data discriminator in AI or deep learning algorithms?

• Regress soil lab cores with EOFs and elevation layers to generate 
useful spatial products agnostic of geometry
• Producer management zones

• Combine hydrogeophysics at medium to dry field conditions with 
hyperspectral data (UAS, aircraft, satellites) during wet to very wet 
field conditions to complete soil hydraulic picture
• The light will show you the way



Summary
• CRNS technique has advanced over the last decade to provide useful 

information about agronomic decision making in time and space
• Cost is challenging compared to market and competition (Use CRNS 

to cross calibrate and locate lower cost sensors?)
• Complexity of CRNS calculations need be addressed and streamlined 

for stakeholder use (Addressed in this CRP) 
• Better suited for certain systems (Should identify projects that will be 

successful with pros and cons of technique)
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• Cost is challenging compared to market and competition (Use CRNS 

to cross calibrate and locate lower cost sensors?)
• Complexity of CRNS calculations need be addressed and streamlined 

for stakeholder use (Addressed in this CRP) 
• Better suited for certain systems (Should identify projects that will be 

successful with pros and cons of technique)

• CRNS and other surface geophysical techniques can help understand the 
soil water state, water fluxes, nutrient fluxes, and vegetation response
• Soil moisture on its it own is not all that interesting, but direct ties to 

better understanding and predicting fluxes in order to make 
actionable decisions is critical

• Lots of opportunities to work with agricultural scientists from various 
disciplines
• Design/evaluation of yield trials, placement of sensors, sampling 

strategy
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Questions?




