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Food-Water-Energy nexus
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Different sectors rely on water

Global water consumption

Electricity
generation

\Industrial
production
3%

Source:
http://theconversation.com/energy-sector-is-one-of-the-largest-
consumers-of-water-in-a-drought-threatened-world-59109

Sectors compete for water!


http://theconversation.com/energy-sector-is-one-of-the-largest-consumers-of-water-in-a-drought-threatened-world-59109
http://theconversation.com/energy-sector-is-one-of-the-largest-consumers-of-water-in-a-drought-threatened-world-59109

Source: Water for Energy, World Energy Outlook, IEA, 2012

Water requirements of energy sector
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Future trends

Under growing population and demand, water consumption
increases
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[ I Source: Water for Energy, World Energy Outlook, IEA, 2012



Future trends

Evolution of Global Water Use
Withdrawal and Consumption by Sector
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Humanity approaches planetary boundaries




Geographical heterogeneity

Water needs are different in different locations
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ies and crop regi Figure 12 Average yield for different irigation strategies and crop regions {given as relative yield to
imigation strategy S0}.

Source: Water Requirements for Irrigation in the European Union, JRC Scientific and Technical Report, 2008

A rational decision maker would attempt to make use of
competitive advantages of regions



Food-water-energy nexus

e Currently decisions are often made in an un-coordinated way
e Synergies and tradeoffs between agri-food and energy sectors

for water, land and other natural resources/ecosystem
services to be found



Questions?
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Part 2:

Using models to support
policy decisions



Systems Analysis

... Is the art of using models for assisting in making decisions

A model is a simplification of reality - useful for:

Explain

Guide data collection

[lluminate core dynamics

Suggest dynamical analogies

Discover new questions

Promote a scientific habit of mind

Bound (bracket) outcomes to plausible ranges
[lluminate core uncertainties

Offer crisis options in near-real time

Demonstrate tradeoffs/ suggest efficiencies
Challenge the robustness of prevailing theory through perturbations
Expose prevailing wisdom as incompatible with available data

Train practitioners

Discipline the policy dialogue

Educate the general public
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Reveal the apparently simple (complex) to be complex (simple)

Source: Epstein (2008)



Models

Descriptive
Graphical
Mathematical
Statistical
Gamification

O O O O O O

Straightforward causality

Organized complexity

Disorganized complexity

Laws of classical physics Systems analysis Statistics
b.
‘/;'/"2 ®
& °
/%

Source: Warren Weaver, Rockefeller Foundation Annual Report, 1958




How models can be used to support decisions?

Reality
Process
Model = artificial reality
Model
imitating a

real process




How models can be used to support decisions?

Test pre-defined
options/scenarios

o

Limited to the currently
considered alternatives




Optimization models

X Vector of decisions

p Vector of parameters

F (x, p) Objective function

F(x, p) > min
xeX x (P)

Equivalentto: —F(x, p) = max
xeX



Questions?
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Part 3:
Linear optimization:

Basic introduction
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Linear optimization: A two-crop example

X 4 Production of a crop type Xy Crop B is cheaper

C, Marginal cost Cp |

W, Marginal water use WB/\ Crop B requires

*\ y
W, X, T WpX, Sw\

Total available water
XA Z O \

x, 20

Production target




Leonid Kantorovich and TC Koopmanns

Nobel Prize 1975 winners for their contribution
to the field of optimal resource allocation
- both were affiliated with IIASA in 1970s



More constraints within this framework

e Availability of land

e Availability of labor

e Soil type and productivity
e Fertilizers

e Water pollution

e Diversity of crops

e Rotation of crops

e Trade



Questions?
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Part 4:
Example of application:

Optimal land and water allocation between
agriculture and coal mining in Shanxi, China



Motivation

Absolute
scarcity Scarcity Stress Vulnerability
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e Coal is a major element of the energy SECUrity iN S oo
China
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e (Coal mining tends to concentrate in water scarce ]
regions, Shanxi province is a profound example é ﬁ-
e Shanxi province is rich in coal (40% of the }
national reserve; produces 25% of total coal in Y o
China)
e (Coal-bearing area occupies ~40% of the total
area
e Only 30% of the arable land is irrigated, yields _ 1500
largely depend on rainfalls 3 1000 Min
: g . S 500 m Max
o ~30% of basic food is imported from other z o dtiludln LU 2012
provinces gco% %gé g é § g £ § m Average
e (Coal mining and arable land overlap by up to - % 7

Water availability across Shanxi Province
0)
40 A) in 1994-2012

Strong competition between agrifood production and coal
production for land and water



Model sketch

Where is the
optimal location?

Where is the
optimal location?

Which is the optima
echnology ?

coal mining  coal washing  transportation coal conversion - GHG, 502
constrain
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Optimal resource allocation model

e (alibrated based on 2012 data
e Redistributes production of major crops and coal across

11 prefectual cities

e Minimizes the total costs, including transportation

between cities

e [lluminates and quantifies the tradeoffs between the coal

and agriculture sectors

 Analyzes the dependence of an optimal solution to the

water availability scenario

e Estimates the shadow prices



Modeling results: Redistribution of coal
production

Units: Million tons Yangquan: 41.80,60%,87%
Location: Production in model,proportion of model to capacity,proportion of reality to capacity
Technology: Production in model Lvliang: 30.00,54!%,93%

Changzhi: 120.00,100%,97%

Linfen: so.oméo%,:’s%

Underground mining _ 527 80

+wet washing Xinzhou: 60.00,100%,89%

Transportation: 688.62

Shanxi: 913.00,59%,89% By -

Datong: 120.00,100%,88%

. Direct-utilization: 18.40
Underground mining .

+non washing - 365.20 Taiyuan: 71.20,89%,43% " Coke: 72.80
. ) o ans Liquefaction: 14.40
Jinzhong: 90.00,1 *WU 70,89% Chenical: 7.80

Opencast mining —— Yuncheng: 1.00,100%,1% Gasification: 23.30 B

+dry washing
Jincheng: 90.00,100%,94% Electricity: 87.68



Modeling results: Redistribution of crop
production

Unit: Thousand tons

Location: Production in model
Proportion of model to reality

100%

— ~ Lviiang: 1,074

L7 118%
an: = .
- ~ oaxtngow
\ﬁmrso— ST 1%
i — Shuozhou: m%l
Buckwheat: 25 106



Modeling results: Tradeoffs and sensitivity to
water availability
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Questions?
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Part 5:
Example of application:

Effectively controlling Phosphorus
emissions from agricultural fields around
Lake Erie



Eutrophication impacts

Excessive richness of nutrients in a lake or other body of water, frequently due
to run-off from the land, which causes a dense growth of plant life

fisheries tourism drinking water

Source:http://www.theguardian.com/world /2014 /aug/03 /toledo-water-pollution-farming-
practices-lake-erie-phosphorus
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Case study: Western Lake Erie basin

Maumee River watershed




Lake Erie total P loads from external sources

From rainfalls and snowmelt moving over and through the ground

Lake Huron M Atmosphere @ Undifferentiated
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A dynamic Phosphorus management model

Land allocation | |Fertilizer application | |Tillage practices

Cover crops adoption path

Phosphorus in soil

depends heavily on precipitation - random
element unpredictable before start of the season

Phosphorus in surface waters

IMax
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Objective: maximize expected agricultural profits

State equations:
Dynamics of P

P(E, < P}) > pa Probabllistic environmental constraint: Risk to exceed
P(ES, < P) = ps certain P emission levels into surface water should be
limited



A dynamic Phosphorus management model

2-stage stochastic optimization framework with

- Ex-ante strategic decisions (P application, etc.)

« Ex-postrecourse action in case environmental constraint is violated

Main result:

Tradeoff between the probability of violating the constraint and

the tightness of the constraint

1

09F

o8rf

Probability
© ©o o o o o o
- hS] w P~ (@) [#)] ~

o

/

-

g

alpha=$500/kg’ha

apha=$1000/kg/ha | |

alpha=31500/kg/ha

alpha=$2000/kg/ha | |

alpha=$2500/kg/ha

alpha=$3000/kg/ha | |

alpha=3$3500/kg/ha
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