
 58 

CLIMATE CHANGE ADAPTATION THROUGH ROBUST  

LAND USE PLANNING: TWO-STAGE STOCHASTIC  

OPTIMIZATION FOR RISK-INFORMED  

DECISION MAKING  

 

T. ERMOLIEVA
1
 ermol@iiasa.ac.at 

P. HAVLIK
1
, havlik.petr@gmail.com,  

T. KAHIL
1
 kahil@iiasa.ac.at, 

 J. BALKOVIC
1
 balkovic@iiasa.ac.at,   

R. SKALSKY
1
 skalsky@iiasa.ac.at,  

Y. ERMOLIEV
123

 ermoliev@iiasa.ac.at, 

P. KNOPOV
23

 knopov1@yahoo.com,  

O. BORODINA
23

 olena.borodina@gmail.com, 

V. GORBACHUK
23

 gorbachukvasyl@netscape.net 

 
1
International Institute for Applied Systems Analysis (IIASA),  

Laxenburg, Austria; 
2
National Academy of Sciencies, Ukraine (NASU); 

3
Glushkov’s Institute of Cybernetis, NASU, Kiev, Ukraine 

 
Аннотация. Uncertainty and variability of climate changes are 

key challenges for adaptation planning. In the face of uncertainty, 

the decision-making can be addressed in two interdependent 

stages: make only partial ex-ante anticipative actions to keep 

options open until new information is revealed; and adapt the 

first-stage decisions with respect to newly acquired information. 

This decision-making approach corresponds to the two-stage 

stochastic optimization (STO) incorporating both anticipative ex-

ante and adaptive ex-post decisions within a single model. The 

paper develops a two-stage STO model for climate change 

adaptation through robust land use and irrigation planning in the 

condition of uncertain water supply. The model identifies the 

differences between the decision-making in the cases of perfect 

information, full uncertainty, and uncertainty with perspectives of 

learning about uncertainty. The two-stage anticipative and 

adaptive risk-informed decision-making with safety constraints 

induces risk aversion characterized by quantile-based Value-at-

Risk and Conditional Value-at-Risk risk measures. The ratio 

between the ex-ante and ex-post costs and the shape of uncertainty 
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determines the balance between the anticipative and adaptive 

decisions. Selected numerical results illustrate that the alteration 

of the ex-ante agricultural production costs can affect crop 

production, land management technologies, and natural resource 

utilization. 
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Climate changes affect socio-economic and environmental systems 

directly and indirectly, through exogenous shocks from natural disasters 

and endogenous systemic risks due to interactions among systems and 

policies [1-5]. The impacts of climate changes are expected to increase 

triggered by the growing complexity of systemic interdependencies, 

introduction of new policies and technologies, growing demands, 

increasing variability and magnitude of natural disasters. Many prominent 

economic assessment models involved in climate change analysis are 

deterministic and fail to account for the uncertainties and risks inherent in 

climate change. What is also important – they are unable to account for 

the increasing variability and frequency of extreme events and 

catastrophic risks which currently dominate the climate change debates [6-

8]. This paper discusses the need for important improvements of the 

methods to incorporate central issues in climate change adaptation such as 

uncertainty, treatment of irreversibility, safety and security requirements, 

and robustness of decisions.  

Uncertainty and variability of climate changes are the key challenges 

for adaptation planning [8-9]. In the conditions of uncertainty and 

possibility of irreversible decisions [9], the decision-making can be 

addressed in two interdependent stages: in the first stage, make only 

partial ex-ante anticipative actions to keep options open until new 

information is revealed; and adapt the first-stage decisions after more 

information about the true state of environment (true scenario) is acquired. 

A portfolio of robust interdependent ex-ante and ex-post strategies can be 

designed by using two-stage stochastic optimization (STO). The two-stage 

STO naturally integrates the two types of decisions [1], [10-14]: 

anticipative ex-ante and adaptive ex-post decisions. The robustness of the 

two-stage decisions [12-14] is characterized by the representation of the 
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feasible decisions, potential threats, and adequate quantile-based 

performance functions and constraints. The two-stage STO approach 

enables to deal with situations of imbalances, disequilibrium, thresholds, 

and quantile-based safety constraints, typical for non-smooth and often 

discontinuous and nonconvex interdependent socio-economic and 

anthropogenic systems. In particular, the anticipative and adaptive 

measures reduce the chances of critical imbalances and exceedances of 

vital thresholds, which otherwise could lead to systemic failures [1-5], 

[15]. 

This paper develops a two-stage STO model for climate change 

adaptation through robust land use and irrigation planning in the presence 

of uncertainty and risks associated with water availability. The model 

identifies key differences between the decision-making in the cases of 

perfect information (full certainty), full uncertainty, and in the case of the 

two-stage anticipative and adaptive approach. The risk-informed decision-

making with anticipative and adaptive actions and safety constraints 

induces risk aversion characterized by quantile-based VaR (Value at Risk) 

and CVaR (Conditional Value at Risk) risk measures that are used for 

regulating the safety of nuclear plants, insolvency of insurance companies, 

in financial applications, extremal value theory, and catastrophic risk 

management [12-14], [12-14], [17], [19-22]. The safety of systems’ 

performance and the robustness of the anticipative and adaptive decisions 

strongly depends on the interactions between the ex-ante and ex-post costs 

and the shape of uncertainty. With selected numerical results we show that 

the alteration of agricultural production costs (ex-ante costs) can reshape 

production allocation and management decisions and therefore affect the 

overall systemic security and sustainable performance in the presence of 

uncertainty and risks.  

A proper combination of ex-ante anticipative and ex-post adaptive 

decisions enables to minimize costs associated with irreversible and lock-

in situations. In economics literature, the framework with the two types of 

decisions was first discussed in connection with irreversible investments 

in land use changes (land conversion) in 1974 in Arrow and Fisher (1974) 

[9] without an overall two-stage model being formulated. Most of 

integrated assessment models use the concept of expected impact as they 

cannot properly capture and analyze the effects of abrupt changes, 

threshold exceedances, and catastrophic risks. In these models, climate 
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changes are considered as if they occur on average and continuously, and 

climatic and policy impacts can eventually be reversed through ex-post 

adjustments [12-14], [19-22]. Instead of using expected impacts, the 

introduction of safety constraints into two-stage STO enforces a required 

likelihood of vital constraints satisfaction enabling to avoid systemic 

failures with a predefined probability. The risk-informed decision-making 

with anticipative and adaptive actions and safety constraints induces risk 

aversion characterized by quantile-based VaR (Value at Risk) and CVaR 

(Conditional Value at Risk) risk measures that are used for regulating the 

safety of nuclear plants, insolvency of insurance companies, in financial 

applications, extremal value theory, and catastrophic risk management [1], 

[16], [12-14], [18-22]. 
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