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Food-EnergyWaterEnvironmental-Nexus

How to deliver water, energy and food for all in a sustainable, safe,secureand equitable way,
at affordable prices, adequate quality, preserving the environment and natural ecosystems?

The Nexus approach moves beyond traditional sectoral (independent) thinking and
modeling in order to achieve overall (demand/supply) security and safe/sustainable
utilization of all resources

Water <-> Energy: Water plays a key role in energy production, e.g., in hydroelectric plants,
for cooling thermal (fossil-fuel or nuclear) plants and in growing plants for biofuels.
Conversely, energy is required to processand distribute water, to treat wastewater, to pump
groundwater and to desalinate seawater.

Water <-> Food: Water is the key resource for the entire agro-food supply chain. Conversely,
agricultural intensification can affect water quality through nutrients (nitrogen, phosphorus)
pollution .

Food <-> Energy: Conflicts around resource use (land and water) for food production may
arise in the caseof biofuels or extended solar and wind installations.

Energy is an essential input throughout the entire agro-food supply chain, from pumping
water to processing, transporting and refrigerating food.

Energy <->Industrial developments: Energy is an essential factor of production, heavy
industry, economic developments.

Healthy environment and ecosystemsare an essentialrequirement for the sustainability .



Advanced Analysis of SysteDapedencies
Risks and Systemic Security

Mowing demand vs environmental standards (SDGSs);
electricity infrastructure innovations and investments;

systemic security; increasing returns vs sunk costs;

En ergy climate change and uncertainty; strategic- and
. operational planning; long- vs short-term decisions;
Secu I'Ity competition for resources, etc

Energy security and water securitys
supply standards; Energy & water

ey | Nested muti-model [ g s
electricity supply security; welfare analysis and nutrition standards; prices;

global and local threats to electricity systemic security :gtlarp))?acntgeorrc?gsngnzggisagﬁgaﬁl?rglrigﬁz;
supply systems; endogenous risks;

cyggr);ttgcks; 9 management energy markets through bio-fuels;

Agricultural subsidies; renewables
ubsidies, etc.

rotection of critical infrastructure

Socio -
Control of water resources; reliability vs. Economic
disasters; Monitoring of infrastructure reliability; .
monitoring of water resources vulnerability and Secu I’Ity
accessibility;

Monitoring & control of water contamination; /\
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Food, water, energy, ... Security. nexus

The food, water, energy security nexus according to the Food and
Agriculture Organization (FAO) of the United Nations, means that food
security, water security, energy security (FEW) are very much linked to one
another, meaning that the actions in any one particular FEW sector can have
effectsin one or both of the other sectors

The FEWE nexus security approach is necessaryto design future, inherently
interlinked systems from the starting point accounting for uncertainty,
(systemic) risks, security consideration (constraints).

This approach identifies the future systemsasinherently interconnected.

The nexus approach aims to highlight potential synergies and identify
critical conflicts to be dealt with

Systemic risks can be due to imbalances and inadequate supply -demand-
storage relationships triggered by exogenous and endogenous decision-
dependent shocks

(Systemic) dependent risks can be analytically intractable, rare and heavy-
tailed extreme risks



Food, water, energy security

ood security is defined by the Food and Agriculture Organization (FAO) as
"availability and accessto sufficient, safe and nutritious food to meet the dietary needs
and food preferencesfor an active and healthy life".

- Water security has beendefined as"the reliable availability of an acceptablequantity
and quality of water for health, livelihoods and production, coupled with an
acceptablelevel of water-related risks".

- Energy security has been defined as "accessto clean, reliable and affordable energy
services for cooking and heating, lighting, communications and productive uses"
(United Nations), and as "uninterrupted physical availability [of energy] at a price
which is affordable, while respecting environment concerns".

The

Therefore, the

in all circumstances/scenarios under
requirements for prices, qualities, quantities, and accounting for inherent risks.




Systemic Risks

Systemic risks in interdependent Food-Energy-Water-Environmental

(FEWE) systems can be defined as the risks of a subsystem (a part of the
system) threatening the sustainable performance and achievement of FEWE
security goals.

Thus, a shock in a peripheral subsystem induced (intentionally or
unintentionally) by an endogenous or exogenous event, can trigger
systemic risks propagation with impacts, i.e., instability or even a collapse,
at various levels.

The risks may have quite different policy-driven dependent spatial and
temporal patterns.

Systemic risks emerge due to systemic imbalances, i.e., shortfalls in supply -
demand relationship .

Systemic (cascading) risks in FEWE systems are implicitly defined by the
whole structure and the (supply -demand-storage) balances among the
systems, costs, prices, technologies, trade, risk exposures and risk
measures, (FEWE) security/safety norms and constraints, decisions of
agents.



Systemic Risks: Examples

In energy systems, extra load in a power grid triggered by a power plant,
variable energy resources, or a transmission line failure can cause cascading
failures with catastrophic systemic outages [1].

In financial networks, an event at a company level can lead to severe
instability or even to a crisis similar to the global financial crisis 2008.

In land use management, a hurricane in combination with inappropriate

EEOUzwOEDPOUI OEOEIl WEOEWOEOEwWUUIT wOEOET |
economic lossessimilar to those induced by Hurricane Katrina [2].

(OwbOi UEUUUUEUUUI wUauUl OUOwWbOExxUOxU
structural, economic, human losses (2023 TurkeySyria Earthquake)

(OwbEUI UwUUx xO0awUauUl OUOWOEEOQwWOI wbEU
losing supplies from fire hydrants likely impaired the effort to protect some

[ OO0 UwEOEwWI YEEUEUDPOOWEOUUDPEOUUGGB 2?2 wm3
(https://time.com/7206352/los-angelesHfirefighters -water-supply -access

complaints -investigation/ )
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Modelbase

d.planning

Emerging risks i deregulation, decentralization, variable resources

> > > > >

Multiple energy/electricity generation companies/entities

Requires strict regulation of energy/electricity dispaj

Systemic risks and vulnerability of energy markets i

Transboundary issues and energy balancing
1

Optimal dispatch and pick prices

Stochastic threats from wind, solar, hydropower

Stochastic supply vs demand depend on weather = ":e= "%l

Short- and long-term energy systems planning

> > >y D>y > >y D> D> D

Uncertainties of climate change

Systemic uncertainties and risks due to new technol
Technological uncertainties, future electricity consun
Scarcity of resources, e.g. water scarcity
Methodological risks, application of inadequate mod
Stakeholder involvement and model-based dialogue
Changing risk perception via a model

Rare natural resources requirements (in EU?)
Ignorance of risks
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Systemic interdependencies in land use syst

- Stochastic
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Stochastic land use model: goal function
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Challenges

Deterministic scenario-dependent solutions can bedangerous
Scenario-by-scenario deterministic analysis is dangerous
Irreversibility and Maladaptation

Representation of uncertainty and risks

Skewed and multimodal distributions

Nonparametric vs parametric risks modeling

Modeling of Risk Aversion -> Uncertainty -> Risk-> Reversibility
Modeling of future flexibility & learning

Systemic risks

Two-stage (multi-stage) stochastic optimization
Price-endogenous stochastic optimization models



Deterministic scenario-dependent vs robust

A(Im)balance: (production) x =d(®) (random demand); in what sense Ly = d(w) {

ACan be also: (random production) x (¥) =d(®) (random demand)

Deterministic

ADeterministic scenario analysis: what is optimal production once demand becomes known (simulated) ?

v opt _ opt _ opt _
dl,dz,ds,... Y le —dl, X2p _dZ’ )(3p _d3,___ ...............

ADeterministic model: (production) x = E d(1) (average demand) "““ “ll‘l“ln
- I ...

Corn 1991 - 2011

w == Density plot PA
- Mean
< e Median
v(w)
>
2 @
=
L~
w
Yield loss
o Long distance
T T T T T T 1 < 1 >
0.0 0.5 1.0 1.5 20 25 30 ) A*
Yield Corn B 4




Costs associated with systemic imbalances
(shortfalls or exceedance),
overshooting and undershooting costs

cost

d, d; production

Problem: minimize costs

f(x q):‘,éa(x' d(w)),x2 d(w)
T ibdw) - x),x<d(w)

A ¥ gare random scenariosy, ¥, X ¥, Z Xg.



A Minimax solution: take worst-case scenario max (1) ):

This leads to conservative decision x= max( d(1)), i.e. production level to meet the highest demand
.

too costly solution !

A Robust solution: Mi ni mize expected value of a nsys

AF(X)=Ea(d- x)I(d>x)+Eb(x- d)I (x2 d) = Emax{a(d - x), b(x- d)}
AAnticipative and adaptive two-stage decision:
production x is selected ex-ante according to the following:

P[x2 d] = aaTb (VaR) F(x™P) = CVaR

optimal production x is a quantile of d defined by costs & , b and the prob. distribution of d



Production planning.and-systemic risk sharing

Deterministic, not accounting for risks: Two producers/regions/feedstocks
(corn, wheat) P1 and P2 with production costs: ¢, <c,<Db;dT demand for
bioethanol:

minimize G X; T C, X5
ax+ax?d %20 X% 0
solution % =d X, =0

Stochastic, accounting for risks: a, and a, are random shocks/(yields) to production

minimize G X; T C,X,

a, ()X, + az(W)Xz 2 d



Emergency of systemic risks and-risk:-sharing

Instead, we require the safety constraint that

Prodax +a,x, ¢ D] ¢ p

> minimize  F(x) =¢c,x,+¢,x,+mE max0, D - a,(W)x,- a,(W)X,}

where e max{O, D - a,(W)X,- aZ(W)XZ} is the expected storage/import cost if
demand exceeds the supply

New system with trade or/and storages!

Land decisions x are strategic and scenario-specific trade or storage are adaptive

/mcan be chosen to satisfy the safety constraint with required probability, 0¢ p ¢1,
l.e. for a percentage (percentile) of scenarios.



Emergency of systemic risks and-risk:-sharing

Example:

If only efficient producer (P1,cl<c2<b)isatrisk: 0<Ea; <1, a,=1.

Market share of the P2 (risk-free producer with higher production costs):

Take derivative  F, (X;,X;) =C, - mP[D >ax +X,]

Optimal land area (share) X; >0 of risk-free P2 is defined by the quantile

PID>aX +X]=C,/ M of the distribution function describing

contingencies of the risky P1, i.e., a, , and the ratio c, / L.



Mainchallengies

Modeling of systemic risks
A Propagation of risks, multivariate multisystem multiagent spatially and temporary dependent risks
A Risks are Aharedfi often - magnified by interdependencies, constraints, targets
A Catastrophic losses may be caused by peripheral event

Introduction of risk aversion through joint design of strategic ex-post long-term

vs adaptive operational decisions
A Strategic (irreversible) are taken before uncertainty scenario realizes
A Adaptive scenario-dependent are taken after the scenario becomes known

Robust decisions (RD) instead of Aexactfi prediction
A Robust decisions leave us better-off independently of what uncertainty scenario realises

RDs lead to systems analysis (SA) instead of analysis of existing systems
A Improvement of systems to tackle the problems
A Inclusion of new nonexisting technologies, financial instruments, crops portfolios
A Design of new systems

Quantile-based instead of average indicators, probabilistic constraints,
VaR and CVaR constraints risk measures and constraints

Mutli-stage (two-stage) decisionmaking i anticipation and adaptation

Practical application: Design of unified robust policies, e.g., for CAP,
Emissions trading, multipurpose reservoir operation



Traditional Approachs

Disintegrated analysis of systems (e.g. food-water-energy-environment) is dangerous
A Example: Estimation of (biofuels) agricultural production without accounting for:
- other systemséconstraints and demands for natural resources, e.g. water, land (current studies of
energy security in China)
- biofuels introduced competition for resources
- biofuels targets are tight (especially under weather variability and climate uncertainties)
- Biofules dependence of agricultural markets on crude oil markets

Certainty about systems and agents
A Deterministic scenario-by scenario e.g. input-output-based analysis (popular in crosssectoral planning)
A Life-cycle analysis (used, e.g., for bioenergy analysis)

Deterministic (average) models i no long-term planning strategic decisions
A Distinguishes only one type of decisions (strategic). Does not evaluate short-term
A Not-diversified, degenerated Aornerfisolutions, cheapest or most profitable alternatives are selected
A No possibility to Aeversefior adjust decisions when information about uncertainties becomes known

Not addressing interdependent systemic risks
A Independent risks (e.g. insurance models)
A Traditional models use average indicators
- The law of large numbers does not work T pooling of dependent risks increases insecurity
- Actuarial Averageftbased risk-pricing models are wrong
- NPV - discounting rate equals average market return, has to depend on the events probability

The need for quantile-based instead of average indicators
a. 100 assets can be lost with probability 1/100
b. Each individual asset can be lost with probabillity 1/100. Probability to loose all assests 100-100



AMost important is to represent the quantile (extreme values) of indicators and their trends (e.g., for
different RCP scenarios)
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Conditional Value-at-Risk Optimization with 300 scenarios
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Example of ML .and ANN:
Stochastic . generator of crop yields based on GIS data ¢
T, P,'SPEI; soll, water, EPIC data, Monthly, 1km2 resolution,

Fraguency

Frequency

0 5 0 152

0 2 4 6 8 10

Input (P, T, soil quality, water, nutrients)
Predicted output (yield)

management)
Transfer/process function, kernelstc

Precipitation in Augu:

Input (weather, climate, biphysical processes,

Weights/parameters/transfer functions/etc.

Goal function:
Percentile/

guantile-based
risk measures

Iterative
Revision of estimates

Observed yields (losses) are skewed

Corn 1991 -2011

Yield loss |

Fraquency
E g



Systemic interdependencies in land use syst
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Stochastic land use model: goal function

3% [ﬁ wndp,,,(w)d(d]- & ”y[ﬁ v (1 m)d(d] 3
Maximize welfare = &l em, )-8 lre,,m) & ke, wh

(; r,m r.e -

5 [ﬁ' ooy )d(d]

n € e AL 6 g

al‘g :,I,r,tgyg)’qxr,t,c,o,p,qlI 8 ( u

; land ~
a. (l‘ c,0,p,q,l,b,m O(r,t,c,o,p,q,l,b,m)

r,c,o,p,q,l,b,m

FEWE Security. constraints

I - a . . 0
Er‘l’duc“on demand P3D, (1) © Production,, (X, 1+ & T ., (W)~ & T,r., (WS¢ by,
alance 7 7 +

Food security P{D,,r <D/ s} ¢ P, and
Environment security  P{E ;e >E ¢ Prie  and

(Bio) energy security ~ P{Driee<Driel € Prise



) maximze  F(x) = EProfit(x, ) + /Emin{0,D - D")]
Robust percentilebased stochastic GLOBIOM:

C Contributes to the design and evaluation of robust CAP policies:
A Diversifies systemic risks through trade to avoid price and demand shocks;
A New shock does require significant adjustments
A Buffers global and local shocks through robust storages;
A Avoids costly (irreversible) investments into infrastructure (irrigation)

C Increases demand and fulfils food security at lower prices
C Evaluates the requirement in new technologies: irrigation, processing, etc.

C Evaluates the need in financial instruments: subsidies, taxes, investments, insurance,
credits, &

C Addresses modelling, sharing (transfer
risks



The optimal coal
production in 11 cities

Water
consummation and
waler siorage

Competition for limited resources, e.g.,
Land natural resourcesg land and water Land

subsidence reclamation

The optimal crop
production in 11
cities and crop

structure

: Land use/food production :
| |

Gao,J., Xu, X., Cao,G.-Y., Ermoliey, Y., Ermolieva,T., & RovenskayaE. (202]) Strategicdecision

supportmodellngfor robustmanagemend)f the food energy water nexusunder uncertainty Journal
of CleanerProduction292e125995 10.1016].jclepra2021125995



e Feasibility analysis of .coal vs.crop production under

AWA

15.0-

13.4-

13.0

HWA

crop, Million tons

20.0°

19.6- |

19.2-

18.8 -
800 850 200 950 1000

14.5-

14.0-

7.6-

800

coal, Million tons

Infeasible

850

BAUWA

LWA

900
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1000

~— alternative water availability constraints

ProductionPossibility frontier of the
coal and agriculture production under
different wateravailability constraints.

MBAUWAO, AAWAO, dG HW
arefour different water availability
scenarios.

X-axisis the alternative demands of
coal; Y-axis is the alternative demands
of crop.

Eachscenario has 100 points; each point
means one alternative demand
combination of crop and coal.

Thefeasible pointsn the respective
water constrainscenaricaremarked by
blue points.



(feDivsterdibutied systeeims . lpionkag

Model of sector/region A Model of sector/region E

Minimizing costs

Constraints on
volume of production

Constraints on
available resources
(land, water, etc.)

Can be separated for
simplicity but in
reality are inter -

linked!

Comnrpereed D' J ]




{s oNaumuv.eo, approach:
direct iterative exchange between models

(k+1), ya(k+1)

X (K), Ye (k)

Deve(k+Ded [ ye(k)




{s oONawveod approach:
example® dependence on the initial.condition!

DAyA + DEyE ¢ d



ﬁ Lilnkiing modelis vi a
under uncertainty.and asymmetric.information

Y(0) = (YA(0), Ye(0)): DLYA(0)+Dgye(0) ¢ d

<UE’ rE>+<uE’ yE(k)> - min

Ug U
2
REUE +M elle © Cg
u-2 0,u:20
Ermolieva,T., Ermoliey, Y., ZagorodnyA., Bogdanov)V., Boroding O., Havlik, P., KomendantovalN., Knopov,
P, etal. (2022. Artificial Intelligence,MachinelLearning,and Intelligent Decision SupportSystems Iterative

ALear BQGbgsedproceduresfor Distributed Mo d e Llinka@e Artificial Intelligence Journal, 94 (2),
10.15407jai202202.092

Ya(k+12) =py (Ya(K) +a(k)u,(k))
Ve (K+1) = pe(Ye (k) +a(k)ug (k)
Y ={(Ya:Ye) i DaYa+tDeYe €¢d,y,2 0,y 2 O}

a
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Optimizingwatemreservoilstoragecontrolunder
weathewariabilityandclimatechange

A Reservoir management is a sequential process. Management decisions in preceding periods affect
water availability (WA) in subsequent periods, and future inflow conditions affect current
decision-making

Major uncertainties are in inflows ¢t ,t=1,2,é ,H

Colorado Basin River Forecast Center
3000 EAST - ALMONT - Hydrograph 70

Cumert: 4 7 (05/03.14), Flood Stage: 7.00, Bankiull: 650 Created 05/03.14:51 UTC
2700 NORACBRFS, 2008 B7

04/24  D4/30 0507 03114 0321 05428 0804 0611 0818 0825 07/02

GMT monihiday 2009

A Proper reservoir management creates benefits to Observed — 1999 — 2000 — 2001 — 2002 — 2003 — 2004 — 2005 — 2006 — 2007 —

2008
multiple reservoir users: _ o . _
A We propose stochastic optimization models enabling robust solutions for manz

reservoirs operating under potential extreme events and multiusers environme

A Flood management = :

A Reservoir storage and fisheries supplement our proposed Decision Analysis process.

A Wetland A The users are characterized by their safety (critical) water demand level

A Agriculture A The STO is formulated for multiple reservoir users

A Energy Production A The proposed approach allows solving the reservoir managing problems with
A X moving time horizons, which are conditional on available new forecasts of wat

flows.



System description

A Reservoir management is a sequential prockssnagement decisions in preceding
periods affect water availability (WA) in subsequent periods, and future inflow
conditions affect current decisioimmaking

A Inflow forecastq; provides useful information on inflow, and the proper use of such
forecast considerably improves reservoir management

A Deterministic balance equation for a reservoir at timet =1,2,...,H

S+k-R =34
H
A Goal function: max F=3b(R)
[R1'R2 """ RH] t=1
by (Ry) Benefit from releasindR;  at tinte
St Reservoir storage at time
R; Release at time
Ot Inflow at timet
R CtR ¢ Rt Maximal and minimal reservoir release

S¢S ¢St Maximal and minimal volume in reservoir



Reservoirmanagement under uncertainties

B; Benefit from releasind%  ar?,: is the probability assigned to scenafig at ime

Under some inflow scenariq jt the required amount of release may not be met

New seconestage variables Yit 2.0 denote the discrepancy between the inflow a
the required release

Cit is aloss associated with not supplying sufficielRf
Yit 2 0 are seconestage operational decisions, |

Find optimal firststage decisions on water releassé maximizing net benefits in the
face of all inflow scenariosd jt

T I N
F=aBR-aapPiCijVi (*)
t=1 t=1j=1

Sit+1 = Sjt - Re +Qjt
R ¢ Sjt +djt *+ Vit
I:‘)min ¢R ¢Rmax

Yip 20 "]

(**)



Reservoirmanagement under uncertainties

Optimal second stage solutionsy’}t =max{O,R - Sjt - qx} depend on scenarios

The problem( * ) ¢ ( ** ) can be substituted as maximizing the implicit expectedet-
benefit function

i
(R =& [BR-ECy maxOR - Sp-agl] ()
t=1

Example (T = 1)Firststage optimal solution R: igja@antile of underlying probability
distribution providing robust secure levels of water supply

T=1 f(R)=BR - CiEyjs
R ¢Sj1+0j1tYj
yj12 0
Optimal second stage solutionsy?l =max{0,R, - Sj; - qjy}
The problem can be reformulated a$(R) = BjR + G EmMIN{ 0, Sj; +qj1 - Ry}

The function has noesmooth character with in general discontinuous derivatives
(marginal values)

However, it can be modified and solved by LP methods



ConnectionswitlCVaRisk measures

Assumescenarios are characterized by a continuous probability density functipi j)

Goal function is @ontinuously differentiable

Optimal solution R >0 is characterized hy(R) =0
f (R)=B,-C,Prol{Sj; +qj; ¢ Ri] =0

f (R)=ProfSj; +qj; ¢ R]=B,/C;

If B;<C; ,there existR1=R*> O for water supply in period 1 characterized by the
quantileimplicitly defined by the whole structure of reservoir model including forecast
of inflow 4;; , uncertainties of storag® j1 » the structure of costs and benefits

It isimportant that the solutionis definedby the quantile, that is criticalfor controlling
reservoirssafetyunderuncertaintiesand extremeeventsbecauseasit is well known,
the useof meanvaluesmaybe dramaticallymisleading

Theoptimal valueof functions  f(R") characterize€CVaRiskmeasures
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Case-study region (this case study considers only the areas

‘management in tNetherlands

outside the primary embankments.

Areas outside the main protections syste | Protected areas within a dikering

Flood and damage characteristics

Government does not guarantee any safety
standards. Actual return periods vary between 1:5,
1:10 years to 1:100, 1:1000 years or less frequent
(e.g. 1:10000 for new harbor areas)

Safety standards assigned by law:

1:200 to 1:1250 years 1 river floods
1:2000 and 1:4000 for the estuary (tidal
rivers)

1:4000- to 1:10000 years i_coastal floods.

Probability of flood is location-specific and may be
much higher than the official safety standard in the
neighboring protected areas.

One homogeneous safety standard for the
whole dike-ring.

Properties are elevated above sea level, i.e. on
dunes, man-made high elevation grounds, etc.

Many developments inside dike rings are
below sea level (up to -6 meters).

Flood water comes with low velocity and goes away
quickly.

Flood water comes with high velocity and
stays for a long period.

Flood protection and roles of different parties

Developments are at the risk on individuals
(households or firms). Municipalities may prohibit

Government is responsible to assure safety
standards prescribed by law.

some socially-vital activities in these areas, e.g.
hospitals.
Individuals are responsible for their own protection
and damage in the case of flooding. from a flood event.

Flood insurance does not exist but is argued to be Until recently flood insurance did not exist.
financially feasible 4. First contracts to insure flood risks became
available in 2013 ©). The issue is debatable
since some consider it unfeasible ¢ 2)

while others think it is feasible under
various reinsurance schemes .

Government refund any possible damage

- T
Total damage per burt for currel - Total damage per buurt for curre
aituation (a0) with probabilty of : situation (a0) with probabitty of
flood in 10 years. o T3 2 flood in 1000 yoars.

| [_11- 200000 7 [ 0-200.000

g Qe Land use in the Rijnmond-Drecthsteden region (the
colored area is the area outside the main protection
system).

I 000,000 - 50,000,000

Losses, 10-yr. flood Losses, 1000-yr. flood

e R
I. Hazard:

£ f N

« water levels per return period .
V. Insurance premiums:

\. J

« representation of different

(" ) stakeholders’ goal
I Exposure: IV. Losses: functions
+ elevation map > » their constraints
« flood damage estimates « location specific risks
* land use type ) « stochastic optimization

solution (rather than
average damage based
premium)

fill. Vulnerability:

« damage curves for various \_ _/
hazard extents per land use

\__ype y

Scheme of modules and data flows.




Instead of using Average Annual D a ma gappboach, we design percentile-based premiums based on
the following goal function reflecting vital indicators of: the government, insurer, and insured:

Frequency

F(X) = Eé_ (-aj)L; +aEmax{o,a (ajL; - p,-)}+bé_ Emax{0,0; - qjL;}

{80, - a,L; M) <0
j

{,Oj - le—j('/'/)>0}

o base_2000
mal_2050

mal_2100

Dio D100 1000 AAL Robust

Figure a:

Total flood damages for 3 return periods: D10, D100, D1000 correspond to 10-, 100-, and 1000- year

- non-overcompensati

J

non-overpayments by individuals

2000 - L
[ ]

Dio D100 D1000

Figure b:

base_2000
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al_2100

AAL

I
ons by insurers

30000000 -
28000000
25000000 -
23000000
20000000 -
Robust 18000000 -
15000000 - mAAL
13000000 |
10000000 -
8000000 |-
5000000 -
3000000 |-
0
Robust 1041 10047 10007 2000000 -

floods, respectively, in 2000, 2050, 2100 years; and total AAL and Robust premiums (per year).
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Figure a: Non-overcompensations by insurance
companies under Robust premiums
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Robust Rescaling Methods for Integrated Water, Food, Energy Securit
Management under Systemic Risks and Uncertainty

Motivation for downscaling

Systemsanalysisof globalchange(including
climate)processesequiresnew approaches
to integratingand rescalingof models,data,

and decisionmaking procedures between

various scales High spatial resolution land

use and cover changeprojections are also
required as one of the crucial inputs into

GlobalCirculationModels

Downscalingcan be termed as a “ Ne w
Estimation Pr o b | &Vimle traditional
statisticalestimationproblemsare basedon
the ability to obtain observations from
unknown true sampling model, for
downscaling(and upscaling)problems we
may have only aggregate,uncertain data
with very restricted samplesof real local
observations

Downscaling enables interface and
compatibility between global and local
models and decisionsunder uncertainty of
globalandlocaldataandprocesses

__Average Wheat Y

ield
’“’, \‘44 e g S

Princeton (BOKU) GRASP (IIASA)

MODIS 2000

GRASP (BOK

Robustdownscalings being appliedfor data
harmonization, designing hybrid maps,
downscalingegionalandglobalprojections
The procedure has been integrated with
(stochastic)Global BiosphereModel (Havlik
et al. 2011, Ermolievaet al., 2015 2014 for
the analysisof food, energy, water security
issuesand sustainabledevelopmenttrendsat
Ug}lobal,regional,countryandIo<:a||eve|s

T
|

Robust nonBayesian probabilistic
Crossentropy: treatment of uncertainties

Instead of a uniquely defined prior there is a
plausibleset of thesedistributions.

Prior distributions depend on various
“envi r o mparemetérsawhichmaynot be
known exactly.

Theestimationof local changesconsistentwith
available aggregate data is formulated as
probabilistic inverse (from aggregateto local
data) problem in the form of, in general,non-
convex stochastic crossentropy minimization
model.

By using a specific reparametrization and
duality relations for a nested optimization
subproblem the model is reformulated as
nested convex stochastic crossentropy
minimization problem.

The proceduretreats two main casesof priors:
compoundand non-Bayesiarpriors.



Conclusions

We provided and overview and illustration of available and under development
methods and models for decisiormaking under uncertainty and (systemic)risks in
interdependentland use,water, financial(insuranceand other systems

Systemiaisksarisedueto:

systemiambalancesamonginterdependentsystems,

inadequatestoragesand supplydemandrelationships,

uncertaintyandriskignorance,

Deterministicindependenta & a (i &hafy&ighsteador risk-basedapproachego nexus
modelingand securitymanagement

While discussingparticular approacheswe highlighted the importance of integrated
(crosssectorial)analysis

Otheraspectswve suggesfor consideration

complexmultivariate decisionrdependentanalyticallyintractablerisk distributions,
Robust strategic ex-ante and operational ex-post decisiors vs scenariedependent
decisions

Possibldockin solutionsandirreversibilitysituations

Long horizonsof evaluations,

Newapproachto discounting.endogenousliscounting
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