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War	Over	water	in	a	Land	of	Plenty
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Purpose/Objectives

v Efficacy	of	hydrologic	Models	to	
adequately	simulate	irrigation	practices	

vWater	budget	based	on	crop	types	



Conceptual	Framework	for	
Hydrologic	Model



Watershed	Delineation	

Elevation:	meters	



Hydrologic	Response	Units	(HRUs)

Landuse	 Percentage
Deciduous	Forest 32
Corn 20
Alfalfa 12
Sweet	Corn 7
Potato 5



Plant	water	demand	trigger

Soil	water	demand	trigger

Triggers	for	Auto-irrigation	function



R2=0.31 R2=0.58

Results

Average	Monthly	Streamflow	
(m3/s)

Calibration:	2014-2015
Validation:	2016



Annual	Average	water	Budget	
Water	balance	Ratio

Baseflow/Total Flow 0.79

ET/Precipitation 0.5





Sensitivity	Analysis



Conclusion
vAuto	irrigation	function	return	excess	irrigation	water	

to	the	source	rather	than	accounting		for	water	
balance	





v Crop	growth	stage	specific	Irrigation	demands	



Is	streamflow	enough	to	calibrate	a	
hydrologic	model	in	intensively	
irrigated	watershed/farms	





qDaily	Evapotranspiration	(ET)
qLeaf	Area	Index	(LAI)
qCrop	yield		
qSub-Daily	Climate	Data
qDetailed	Management	Records	(Crop	
Rotation)	

Field	Measurement	



Field	Work:	Evapotranspiration	and	recharge	
measurement	
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Moving Forward…



Hydrology:	Global	scale,	all	about	the	ocean



But: Regionally, terrestrial evapotranspiration (ET) 
is a key component to the water cycle, 
for example, in the Central Sands

Chapin, 2011, Principles of Terrestrial Ecosystem Ecology





The big question

How does 
a changing climate and 

water use decisions 
influence 

groundwater and plant water use 
in agricultural regions?







Recent trends in U.S. evapotranspiration 
show a range of trends, 

driven by changes in surface

Rigden and Salvucci, 2017

Plant transpiration ~60% of global terrestrial water flux (Wei et al., 2017)!



https://www.emaze.com/@AWQQLQIL/Transpiration



Some evidence shows 
decreasing transpiration rates
• Higher CO2 means less need to keep 

stomata open
– Evidence: Increasing water use efficiency

• Increased atmospheric demand for 
moisture in warmer climates leads to 
stomatal closure
– Evidence: Higher vapor pressure deficit

• Longer growing seasons lead to earlier 
depletion of plant available water
– Evidence: Soil moisture deficiency in summer



Keenan et al 2015



Wolf et al., 2016

Decreased	transpiration



Novick et al., 2016Ficklin and Novick, 2017



Others show the opposite
• Higher CO2 fertilizes growth, plants trade 

water for carbon to maximize this, and as 
a result have limited change in stomatal 
response
– Evidence: Increased transpiration, reduced 

baseflow, decreases in water use efficiency
• Longer growing seasons leads to longer 

actively transpiring period
– Evidence: Plant phenology shifts, earlier use 

of soil moisture



Tang et al., 2014



Trancoso et al., 2017



Answer
• It depends
– On plasticity of species response 

(isohydric/anisohydric continuum)
– Either way, plant water use will change in 

response to intensifying hydrological cycles, 
which will influence global water budget and 
local land-atmosphere feedbacks

– Implications for management of water for 
agriculture, forestry, drought

– Multi-scale, long-term experiments and 
observations are needed (Ameriflux, NEON, 
LTER)



How do we solve this?

• Take continuous long-term ET 
observations

• Confront models with it



MODFLOW

Conceptual	Framework	for	
Hydrologic	Model



Sonic	anemometer

Thermistor,	hygrometer,	
barometer

Infrared	gas	
analyzer

Raw	data	for	a	day	at	0.1	s	time	step

WLEF	tall	tower	site		(Park	Falls,	WI	est.	1996)



Five days of observations

Net	radiation	=
Net	solar	+	net	Longwave

Evapotranspiration

Sensible	Heating

Watts
Per
Square
Meter

We can 
convert to 

millimeters
per 
day

For ET



Sylvania	Wilderness	site	in	UP	Michigan	(Watersmeet,	MI),	est.	2001

Example	ET	from	flux	tower	in	two	seasons	in	mm	per	day
(Tang	et	al.,	2006)



Paired site studies in Nebraska 
show us effect of irrigation on ET

Molly Aufforth Model: BIOCRO

• Model• Observed



Use data to constrain sensitive parameters



Another example: Lakes

Zack
Taebel





Sippel et al., 2016

And now we can evaluate hypotheses



Flux towers have pros/cons
• PRO: Easy to deploy on a tripod in a field, on solar 

power, no moving parts, and mostly off-the-shelf 
technology, nearly 500 long running sites worldwide, 
“gold standard”

• PRO: It is one of the only ways to directly measure ET at 
hourly time scale, and at the same time, we also 
measure the surface heat exchange, carbon dioxide 
flux (productivity), and climate

• CON: It is relatively expensive (total around $40-50K to 
purchase), requires significant expertise (technical 
personnel), and regular maintenance

• CON: EC measures only upwind of the tower and when 
the atmosphere is “turbulent”, requiring application of 
methods to fill in data gaps and quality control data
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