Jerzy A. Filar « Alain Haurie
Editors

Uncertainty and Environmental
Decision Making

A Handbook of Research and Best Practice

Springer



Contents

OR/MS and Environmental Decision Making under Uncertainty.... 1
Jerzy A. Filar and Alain B. Haurie
11 Introduction .. .. .. ... 1
12 New challenges and pitfalls to OR/MS applicationsto EDM. . . . 4
121 From natural resource management to EDM. . . . . . . . .. 4
122 Cosi-effectiveness vs cost-benefit andysis . ... ... ... .. 5
123  Activity analysis models and uncertainty. . . .. ... .. | 6
124  Metamodeling: interactions between physical,
bio-chemical, economic and technological systems . = = 7
125  Choice of time horizon & performance criterion: the
ethics of uncertainty in EDM. .. .. ... ... ... ... .. .. 15
13  Sources of uncertainty in environmental modeling . .. ... ... .. .. 15
131 Classfication of uncertainty sources in models . .. . . . .. 15
132 Error propagation in an integrated climate modd. . . . . . 17
14  Stochastic reasoning for some fundamental issues ... .. . ... . 20
141  Theuncertain discounting issue . . ... ... .. ... ... ... .. 21
142  The Weighted Markov Decision Processes . ... .. . . . . .. 30
143  Consequences for GCC policy evaluation . .. . ... . . . 32
15  Techniques and methods to dedl with uncertainty in EDM. . . . = . . 33
151  Satidtical analysis . D o .
152  Extreme event ana yss ............................ 36
153  Rdiahility theory. .. ... ... ... ... ... 38
154  Simulations. Synthetic Data and Vdidation . . ... . .. . 39
155  Stochastic optimization models .. ... ... ... .. .. ... 42
16 Concluding remarks . . ... ... ... ... 42

References



Xiv Contents

2 Modeing Uncertainty in a Large scale integrated Energy-Climate

Mode. ... 51
Maryse Labrid, Richard Loulou and Amit Kanudia
21 Introduction . . .. > .o 52
22  Uncertainty in Energy-Climate Studies . ... . ... ... ... ... . .| 53
23 Modding Uncertainty in a Large Scale Integrated
Energy-Climate Model. . ... ... .. ... . ... ... ... ... .. 55
231  The TIMES Integrated Assessment Model
(ETSAP-TIAM). ... ] 55
232 UsngtheModd. ... ... ... .. . . . ... ... ... ... 57
233  The Computation of Hedging Strategies . ... ... ... . . 58
24 A Treated Example: Hedging Strategy and Perfect Forecast
Strategies for a 2.5°C Target on Global Temperature Change . . . 60
241  Hedging and Parfect Forecast Strategies .. ... ... ... .| 60

242  Another Interpretation of the Perfect Forecast Strategies . 61
243 Cost Anaysis as,a Proxy for the Target's Attainability ... 62

244  Globa Emissonsand Climate Results ... . ... .. | 63
245 Robust (Hedging) Actions ... ... .. ... ... .. .. ... .. 65
246  Super-Hedging Actions . . ... ... ... ... ... 69
25  Sengtivity Analyses .. ... 69
26  Alternate Criteria for Stochastic Programming ... ... ... ... . 70
26.1 Expected Cost Criterion with Risk Averson .. . . .. . . 71
26.2 The Savage Criterion (Minimax Regret). . .. ... .. . . .. 72

26.3  Application of Minimax Regret in Large Scale Linear
Programs . ... ... ... 73
27 Conclusion . ... 75
References . ... ... 76

3 Robust Optimization for Environmental and Energy Planning
F. Babonneau, J-P. Vid, and R. Apparigliato
31 Robust Optimizationinshort . ... .. ... . .. ... . . .. . . . . .| 79

32  Anexamplein power supply under pollution constraint . . . . . . 81
321 Deterministic formulation ... .. .. ... ... . . 82
322 Uncertainties in the power supply modd. . . .. ... ... 85
323 Vdidationprocess .. ... ... 86
324  Evauation of the deterministic solution in the uncertain
environment ... 87
33  Case study: robust solution to a problem with uncertain pollutant
trandfer coefficients . ... ... 88
34  Robust Optimization for the static problem: theoretica
developments . .. ... ... 91
341  Robus equivaent: thecase of the 2-norm .. . .. . . . ! 93
34.2 Robust equivdent: the case of the £\ and (., norms . . . . 94

343  Robust equivalent: bounded polyhedral uncertainty set .. 97
344  Uncertainties in the objective function . . . ... ... . .| 98



Contents

345  Two-sided inequality constraints
346  Equaity constraints

35 Dynamic problem with recourse . .. .. ... ... .. .. ...
351 Linear decisonrules ... .. ... .. .. ... .. ...
352  Problems with uncertain recourse parameters . . .. . . . ..
353  Problemswith fixedrecourse ... ... ... ... .
36  Case study: uncertain demand with fixed recourse .. .. ... . ..
361 LDR and relaxed demand congtraints .. ... ... ... .. .
36.2 LDR and exact demand constraints ... ... ... ...
36.3  Stochastic programming . ... ... ... ...
37  Case study: uncertainty in demands and pollutant transfers . . . . .
371 A fully robust optimization approach . .. ... ... .. ... ..
3.72 A hybrid approach: stochastic programming with
robust constraints .. ... ...
38  Probability of constraint satisfaction ... .. ... ... ...
381  Bounds on the probability of constraint satisfaction . . . .
382  Uncertainty set versus constraint satisfaction ... .
39 Extension: Globdized robust optimization .. ....... .. .. .. .. ..
391  The concept of globalized robust optimization . . . . = . .
392  Globalized robustness with linear programming . . . . . ..
393  Case study: Globalized robustness with uncertain
demands .. ... ... ...
310 Concluson ... ... ... ...
References

Coping with Climate Risks in Indonesian Rice Agriculture: A

Policy Per spective
Rosamond L. Naylor and Michagl D. Mastrandrea

41 Introduction .. ... ...
42 Climate Risksin Agriculture ... ... ... ... .. ... ... ... ..

421  Climate Variability and ENSO. ... ... .. ... ... . . .. ..

422 Globa ClimateChange . ... ...... ... ... .. ... ... .
43  RisKAssessment .. ...
44  Indonesian Rice Agriculture . ... ... ...
45  Projecting the Impact of El Nino Events on Rice Production . . .
46  Assessing the Probability of an El Nino Event ... ... .. .. ... ..
47  Implications for Long-Run Climate Forecasting .. .. ... ... .. ..
48  Conclusions and Implications for Other Regions and Systems ...
References

A Primer on Weather Derivatives

Pauline Barrieu and Olivier Scaillet

51

52

Introduction and definition . .. ....... ... ... ... ... ... ... ...
511 What isweather risk? . ... ... ... ... ...
51.2 Weather derivatives .. ... ... ... .. ... .. .. \

142
145

. 147



XVi

Contents

52V Organized market: the Chicago Mercantile Exchange

(CME). ... 159
522  European situation .. ... ... ... ... 161
523  Electronic trading platforms . . , .o 182
53  The World Bank program based upon Weather derlvatlves ...... 162
531  Generd presentation ... ... ... ... ... ... 163
532  From theory to practice: a pilot project for agricultural
risk transfer in India ... .. ... ... ... .. ... ... 163
533  Current and future projects ... ... ... ... ... ... ... .. 166
54  Specific issues related to weather derivatives . .. ... ... . 167
541  BasSHSK ... ... ... 167
542  Pricingissues .. ... ... 168
543 Desgnissues . ... ... ... 171
References . ... ... 174

Optimal Control Modds and Elicitation of Attitudes towards

Climate Damages . . . . . .. e 177
Philippe Ambrosi, Jean-Charles Hourcade, Stephane Hallegatte, Franck
Lecocq, Patrice Dumas, Minh Ha Duong

6.1 Foreword .. ... ... 178
6.2 Introduction ... ... ... ... . 180
6.3  Maetrics for assessing benefits of climate policies . . ... . ... .. . 181
6.4  Lessons from a stochastic cost-effectiveness analysis:

RESPONSES . . ... .. 183
65  The pure preference for the current climate regime: RESPONSEJ® 187
6.6  Key issues with the strong form of cost-benefit analysis . . . . . . . 191

6.6.1 Interplay between the discount rate and the shape of the

damage function ... ... ... 192

6.6.2  Importance of parameters other than the shape of
damagecurve .. ... 193

6.6.3 Interplay between the shape of damage curve and
climate sensitivity. ... ... ... . 195
6.7 Conclusions . ... ... ... 200
References .. ... ... 207

A Stochastic Control/Game Approach to the Optimal Timing of
Climate Policies . ... ... .. ... ... ... 211
0. Bahn, A. Haurie and R. Mahame

71 Introduction ... ... ... 211
7.2 A stochastic control mode for the optimal timing of climate
policies . ... . ... 213
721  Vaiddles . ... ... 213
722  Economic dynamics ... ... ... ... 214
723  Technologicd breakthrough dynamics ... ... .. .. . . 216
724  GHG concentration dynamics .. .. ... .. ... ... . .. 217

725 Climaechangedamages ... ... ... .. .. ... .. .. ... . .. 218



Contents XVii

726  Stochasticcontrol modd. . .. ... .. ... ... 218
727  Single-jump piecewise deterministic control model. . . . . 219
728  Dynamic programming . .. ......... ... .. 219
729  Numerical method ... ... ... ... 221
7210 Numerical results .. ... . ... 223
73 A sochasticgamemodd. ... ... 225
731 International dimension of climate policies . . ... . ... .. 225
732 Vaiables . ... ... 226
733 Equations . ..... ... 226
734  Uncertan technologica breskthrough . ... ... .. .. .. 227
735  Controlled stochasticgame .. ... .. .. ... ... .. ... 228
736 Gameinnorma form .. ... ... ... L 229
737  Dynamic programming . .. ........ . ... ... 230
7.38  Solving the deterministic equivalent dynamic games ....231
739 Discrete time formulation . ... ... 232
7310 Numerical results . ... . ... . 232
74  Towad amodd of learning about climate sengitivity. . . ... ... ... 234
75 Conclusion . ... 234
References . ... ... . 235

8 Precautionary Effect and Variations of the Value of Information ... 237
M. De Laraand L. Gilotte

81 Introduction . ... . ... .. 237
82  HEffect of learning and second-period value of information . . . . . . 239
821 Second-period vdue of the information .. ... . ... . 240
822  Anexample with quadraticcosts . .. .......... ... .. .. 241
823  Comparison of initidd and second-period values of
information ... ... ... 242
83  Vdueof information as a key to the literature . ... ... ... ... ... 243
831 Epstein(1980). .. ... ... 243
832 Freixas and Laffont (1984). . ... ... ... . .. ... ... .. 244
833 'All or nothing ' decisonset ... ... ... ... ... ... 245
834 Ulphand Ulph (1997). ..... ... . ... .. . ... .. . ... .. 245
84  Numerica application to aclimatechangemodd. ... .. ... . . .. 246
85 Conclusion ... ...... ... ... 246
86  Appendix . ... 248
86.1  Generd resultson comparison of ag max. . . ... ... .. .. 243
86.2  Appendix: extenson of Ulph and Ulph'sresult . .. .= 249
References ... 249
9 Comparative Forecasting and a Test for Persistence in the El
Nino Southern Oscillation. . .. ... ... ... .. ... .. .. ... .. ... .. 253
Bdinda A. Chiera, Jerzy A. Filar, Danidl S. Zachary, Adrian H. Gordon
91 Introduction . ... ... 253
92 Andysisof the SOl dataseries . ... ... .. .. .. .. .. ... . ... 255

921 The SOI data series



XViii

10

11

Contents
93 TheBayesan Binary TreeModd. .. .. ....... ... ... ... ... 258
94  Forecagting SOI from the BBT Modd. .. ... .. ... .. .. ... . . . 261
95 A benchmark forecast using a Taylor Series .. ... ... ... .. .. .. 264
96 ComparingTSFandBBT ... .. .. ... ... ... ... . ... . 265
97 Discussion ... ... 266
References ... 269
Generation of Synthetic Sequences of Electricity Demand with
Applications . . .. ... 273
JW. Boland
101 Introduction ... ... 273
102 Hdf hourly electricity demand modd. .. ... ... ... ... ... .. 277
1021 Daadtructure ... ... 279
1022 Yealycycles. .. .. ... .. ... 279
1023 Weekly seasonality. . .. ... ... 280
1024 Intraday cycles ... ... ... 282
1025 Relationship between demand and current temperature .. 284
1026 Anaysisof en, per period during summer. . ... ... ... 286
103 Thegeneration process .. ... . ... ... 293
1031 Find error digtribution .. ... ... 293
1032 Steps of the synthetic generation process . .. ... .. ... .. 294
104 Daly mean temperature modd. . . ... ... ... 297
104.1 Vvdiddion of themodd. .. ... ... .. ... .. ... . . 299

105 Veificaion of the generation agorithm for half hourly demand . . 300

106 Applications ... ... ... 302
1061 VYealypeskdemand ... ... ... ... ... . .. .. ... ... 304

106.2 Optimisation of orientation of photovoltaic cells to
match electricity demand .. ... ... ... .. .. 305
107 Conclusion .. ... ... ... 309
References . ... 311
Models for Improving Management of Biosolids Odors . = . . . . . . 313

Steven A. Gabriel, Sirapong Vilaai, Prawat Sahakij, Mark Ramirez ,
Chris Peot
111 Introduction, Overview, and Literature Review. . . .. . .. ... .. . .. 313

112 Summary of Statistical ModdlingWork ... ......... .. ... .. .. 314
1121 Statigtica modeling to forecast odor levels of biosolids
appliedtoreusesites . . ... ... ... 315
1122 Prediction of Dimethyl Disulfide levels from biosolids
using statistical modeling .. ... ... ... 317
1123 A combined subjective and objective odor model. . . . . . . 318
1124  Odor probability distribution and simulation analysis.... 319
113 Summary of Multiobjective Optimization Work . . ... .. ... .. . . 322
1131 Mode L F/° exogenously determined ... ... . . 323
1132 Mode 2. F/° endogenously determined .. . . . . .\ . . 327

1133 Adding stochagticity to the optimization models . . . . . . . 327



Contents

XiX
114 Summary and Future Directions . .. ... ... ... ... . ... . ... 329
References . . ... ... 330



