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                    Abstract
Adaptive planning in climate change condition is a significant challenge for effective management of water resources and agricultural systems. One of the major controversial issues in climate change adaptation studies is deeply uncertain nature of such changes. This study aimed at planning optimal agricultural adaptation measures under deep climate uncertainty in a semi-arid basin in Iran (Tashk–Bakhtegan Basin) using a simulation–optimization (S–O) approach. To fulfil this objective, a modified version of Soil and Water Assessment Tool (SWAT) entitled SWAT-PARS was used to simulate the status of the basin regarding water resources and agricultural sector. By combining the SWAT model with a NSGA-II based robust optimization model, the optimal and robust type and location of robust agricultural management measures under climate uncertainty were determined. For this purpose, deficit irrigation, irrigation efficiency increase, cropping pattern change and cropping date change were considered as effective adaptation measures in the agricultural sector. The robustness of optimal measures was analyzed by a multi objective robust decision making approach using satisficing and regret robustness assessment methods. The robustness analysis of management strategies under climate change indicated different prioritization of strategies by “satisficing” and “regret” robustness assessment indicators. According to the results, irrigation management measures, and changes in the cropping pattern and date have been recommended in most strategies provided by different robustness methods. Most measures recommended have been able to reduce system vulnerability concerning in groundwater’s quantitative changes and calorie of agricultural products, but did not cause any significant change in the system concerning inflow to the lake.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]


Fig. 8[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    References
	Abbaspour KC, Johnson CA, Van Genuchten MT (2004) Estimating uncertain flow and transport parameters using a sequential uncertainty fitting procedure. Vadose Zone J 3(4):1340–1352
Article 
    
                    Google Scholar 
                

	Abbaspour KC, Yang J, Maximov I, Siber R, Bogner K, Mieleitner J et al (2007) Modelling hydrology and water quality in the pre-alpine/alpine Thur watershed using SWAT. J Hydrol 333(2–4):413–430
Article 
    
                    Google Scholar 
                

	Abeysingha NS, Singh M, Islam A, Sehgal VK (2016) Climate change impacts on irrigated rice and wheat production in Gomti River basin of India: a case study. SpringerPlus 5(1):1250
Article 
    CAS 
    
                    Google Scholar 
                

	Ahmadzadeh H, Morid S, Delavar M, Srinivasan R (2016) Using the SWAT model to assess the impacts of changing irrigation from surface to pressurized systems on water productivity and water saving in the Zarrineh Rud catchment. Agric Water Manag 175:15–28
Article 
    
                    Google Scholar 
                

	Alcamo J, Döll P, Henrichs T, Kaspar F, Lehner B, Rösch T, Siebert S (2003) Global estimates of water withdrawals and availability under current and future “business-as-usual” conditions. Hydrol Sci J 48(3):339–348
Article 
    
                    Google Scholar 
                

	Ali MH, Talukder MSU (2008) Increasing water productivity in crop production—a synthesis. Agric Water Manag 95(11):1201–1213
Article 
    
                    Google Scholar 
                

	Allen RG, Clemmens AJ, Willardson LS (2005) Agro-hydrology and irrigation efficiency. ICID Working Group Water and Crops

	Arnell NW (2003) Relative effects of multi-decadal climatic variability and changes in the mean and variability of climate due to global warming: future streamflows in Britain. J Hydrol 270(3–4):195–213
Article 
    
                    Google Scholar 
                

	Arnold JG, Srinivasan R, Muttiah RS, Williams JR (1998) Large area hydrologic modeling and assessment; part I: model development. J Am Water Res Assoc 34(1):73–89
Article 
    CAS 
    
                    Google Scholar 
                

	Azdawiyah AS, Hariz AM, Fairuz MM, Zabawi AM (2015) Simulating the effects of changing planting date towards rice production in MADA area, Malaysia. J Trop Agric Fd Sci 43(1):73–82

                    Google Scholar 
                

	Ben-Haim Y (2004) Uncertainty, probability and information-gaps. Reliab Eng Syst Saf 85(1–3):249–266
Article 
    
                    Google Scholar 
                

	Bigdeli R, Delavar M, Abbasi H (2019) Evaluation of the effects of climate change on water resource sustainability in basins using water footprint scarcity indicators. Iran Water resources research journal 4(5):5–12 (In Farsi)


                    Google Scholar 
                

	Brown C (2011) Decision-scaling for robust planning and policy under climate uncertainty. World Resources Report Uncertainty Series.

	Brown C, Ghile Y, Laverty M, Li K (2012) Decision scaling: linking bottom-up vulnerability analysis with climate projections in the water sector. Water Resour Res 48(9):W09537
Article 
    
                    Google Scholar 
                

	De Janvry A, Sadoulet E (2010) Agriculture for development in Africa: business-as-usual or new departures. J Afr Econ 19(suppl 2):ii7–ii39

                    Google Scholar 
                

	Deb K, Pratap A, Agarwal S, Meyarivan TAMT (2002) A fast and elitist multiobjective genetic algorithm: NSGA-II. IEEE Trans Evol Comput 6(2):182–197
Article 
    
                    Google Scholar 
                

	Dechmi F, Burguete J, Skhiri A (2012) SWAT application in intensive irrigation systems: model modification, calibration and validation. J Hydrol 470:227–238
Article 
    CAS 
    
                    Google Scholar 
                

	Delavar M, Morid S, Morid R (2017) Basin-wide water accounting based on modified SWAT model (SWAT-PARS): an application on the Tashk–BakhteganBasin, Iran. In: 2017 international SWAT conference in Warsaw, Poland

	Delavar M, Morid S, Morid R, Farokhnia A, Babaeian F, Srinivasan R, Karimi P (2020) Basin-wide water accounting based on modified SWAT model and WA+ framework for better policy making. J Hydrol 585:124762. https://doi.org/10.1016/j.jhydrol.2020.124762

Article 
    
                    Google Scholar 
                

	Fereres E, Soriano MA (2006) Deficit irrigation for reducing agricultural water use. J Exp Bot 58(2):147–159
Article 
    CAS 
    
                    Google Scholar 
                

	Geerts S, Raes D (2009) Deficit irrigation as an on-farm strategy to maximize crop water productivity in dry areas. Agric Water Manag 96(9):1275–1284
Article 
    
                    Google Scholar 
                

	Ghaffari G, Keesstra S, Ghodousi J, Ahmadi H (2010) SWAT-simulated hydrological impact of land-use change in the Zanjanrood basin, Northwest Iran. Hydrol Process Int J 24(7):892–903
Article 
    
                    Google Scholar 
                

	Groves DG, Lempert RJ (2007) A new analytic method for finding policy-relevant scenarios. Glob Environ Change 17(1):73–85
Article 
    
                    Google Scholar 
                

	Hadka D, Herman J, Reed P, Keller K (2015) An open source framework for manyobjective robust decision making. Environ Model Softw 74:114–129
Article 
    
                    Google Scholar 
                

	Herman JD, Reed PM, Zeff HB, Characklis GW (2015) How should robustness be defined for water systems planning under change? J Water Resour Plan Manag 141(10):04015012
Article 
    
                    Google Scholar 
                

	Im S, Kim H, Kim C, Jang C (2009) Assessing the impacts of land use changes on watershed hydrology using MIKE SHE. Environ Geol 57(1):231
Article 
    
                    Google Scholar 
                

	IPCC (2014) Summary for policymakers. In: Climate Change 2014: impacts, adaptation, and vulnerability. Part A: global and sectoral aspects. Contribution of working group II to the fifth assessment report of the intergovernmental panel on climate change, Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 1–32

	Jain SK, Tyagi J, Singh V (2010) Simulation of runoff and sediment yield for a Himalayan watershed using SWAT model. J Water Resour Prot 2(03):267
Article 
    CAS 
    
                    Google Scholar 
                

	Johnson WC, Werner B, Guntenspergen GR, Voldseth RA, Millett B, Naugle DE, Tulbure M, Carroll RW, Tracy J, Olawsky C (2010) Prairie wetland complexes as landscape functional units in a changing climate. Bioscience 60(2):128–140
Article 
    
                    Google Scholar 
                

	Kasprzyk JR, Nataraj S, Reed PM, Lempert RJ (2013) Many objective robust decision making for complex environmental systems undergoing change. Environ Model Softw 42:55–71
Article 
    
                    Google Scholar 
                

	Kim NW, Chung IM, Won YS, Arnold JG (2008) Development and application of the integrated SWAT–MODFLOW model. J Hydrol 356(1–2):1–16
Article 
    
                    Google Scholar 
                

	Knox J, Hess T, Daccache A, Wheeler T (2012) Climate change impacts on crop productivity in Africa and South Asia. Environ Res Lett 7(3):034032
Article 
    
                    Google Scholar 
                

	Legesse D, Vallet-Coulomb C, Gasse F (2003) Hydrological response of a catchment to climate and land use changes in Tropical Africa: case study South Central Ethiopia. J Hydrol 275(1–2):67–85
Article 
    
                    Google Scholar 
                

	Lempert RJ (2002) A new decision sciences for complex systems. Proc Natl Acad Sci 99(suppl 3):7309–7313
Article 
    CAS 
    
                    Google Scholar 
                

	Lempert RJ, Collins MT (2007) Managing the risk of uncertain threshold responses: comparison of robust, optimum, and precautionary approaches. Risk Anal Int J 27(4):1009–1026
Article 
    
                    Google Scholar 
                

	Lempert RJ, Groves DG, Popper SW, Bankes SC (2006) A general, analytic method for generating robust strategies and narrative scenarios. Manage Sci 52(4):514–528
Article 
    
                    Google Scholar 
                

	Lempert RJ, Sriver RL, Keller K (2012) Characterizing uncertain sea level rise projections to support investment decisions. Public Interest Energy Research Program White Paper, no. CEC-500-2012-056

	Maier HR, Guillaume JH, van Delden H, Riddell GA, Haasnoot M, Kwakkel JH (2016) An uncertain future, deep uncertainty, scenarios, robustness and adaptation: how do they fit together? Environ Model Softw 81:154–164
Article 
    
                    Google Scholar 
                

	Mainuddin M, Kirby M, Hoanh CT (2011) Adaptation to climate change for food security in the lower Mekong Basin. Food Sec 3(4):433–450
Article 
    
                    Google Scholar 
                

	Massah, A., Morid, M., Delavar, M. (2016). Assessment of climate change ipmacts on hydrological condition of Tashk–Bakhtegan Basin. Technical Report, Ministry of Rnergy, Iran (in Farsi)

	Molina-Navarro E, Andersen HE, Nielsen A, Thodsen H, Trolle D (2018) Quantifying the combined effects of land use and climate changes on stream flow and nutrient loads: A modelling approach in the Odense Fjord catchment (Denmark). Sci Total Environ 621:253–264
Article 
    CAS 
    
                    Google Scholar 
                

	Moriasi D, Arnold J, Van Liew M, Bingner R, Harmel R, Veith T (2007) Model evaluation guidelines for systematic quantification of accuracy in watershed simulations. Trans ASABE 50:885–900. https://doi.org/10.13031/2013.23153

Article 
    
                    Google Scholar 
                

	Narsimlu B, Gosain AK, Chahar BR (2013) Assessment of future climate change impacts on water resources of Upper Sind River Basin, India using SWAT model. Water Resour Manage 27(10): 3647–3662
Article 
    
                    Google Scholar 
                

	Nilawar AP, Waikar ML (2019) Impacts of climate change on streamflow and sediment concentration under RCP 4.5 and 8.5: a case study in Purna river basin, India. Sci Total Environ 650:2685–2696
Article 
    CAS 
    
                    Google Scholar 
                

	Onuşluel Gül G, Rosbjerg D (2010) Modelling of hydrologic processes and potential response to climate change through the use of a multisite SWAT. Water Environ J 24(1):21–31
Article 
    
                    Google Scholar 
                

	Pereira LS, Oweis T, Zairi A (2002) Irrigation management under water scarcity. Agric Water Manag 57(3):175–206
Article 
    
                    Google Scholar 
                

	Qiu L, Wu Y, Hao M, Shen J, Lei X, Liao W, Li Y (2018) Simulation of the irrigation requirements for improving carbon sequestration in a rainfed cropping system under long-term fertilization on the Loess Plateau of China. Agr Ecosyst Environ 265:198–208
Article 
    
                    Google Scholar 
                

	Reshmidevi TV, Kumar DN, Mehrotra R, Sharma A (2018) Estimation of the climate change impact on a catchment water balance using an ensemble of GCMs. J Hydrol 556:1192–1204
Article 
    
                    Google Scholar 
                

	Rezaei Zaman M, Morid S, Delavar M (2016) Evaluating climate adaptation strategies on agricultural production in the Siminehrud catchment and inflow into Lake Urmia, Iran using SWAT within an OECD framework. Agric Syst 147(8):98–110
Article 
    
                    Google Scholar 
                

	Rivas-Tabares D, Tarquis AM, Willaarts B, De Miguel Á (2019) An accurate evaluation of water availability in sub-arid Mediterranean watersheds through SWAT: Cega-Eresma-Adaja. Agric Water Manag 212:211–225
Article 
    
                    Google Scholar 
                

	Savage LJ (1951) The theory of statistical decision. J Am Stat Assoc 46(253):55–67
Article 
    
                    Google Scholar 
                

	Uniyal B, Jha MK, Verma AK (2015) Assessing climate change impact on water balance components of a river basin using SWAT model. Water Resour Manage 29(13):4767–4785
Article 
    
                    Google Scholar 
                

	Wang Y, Liu L, Guo P, Zhang C, Zhang F, Guo S (2019) An inexact irrigation water allocation optimization model under future climate change. Stoch Environ Res Risk Assess 33(1):271–285
Article 
    
                    Google Scholar 
                

	Weaver CP, Lempert RJ, Brown C, Hall JA, Revell D, Sarewitz D (2013) Improving the contribution of climate model information to decision making: the value and demands of robust decision frameworks. Wiley Interdiscip Rev Clim Change 4(1):39–60
Article 
    
                    Google Scholar 
                

	Woznicki SA, Nejadhashemi AP, Parsinejad M (2015) Climate change and irrigation demand: uncertainty and adaptation. J Hydrol Region Stud 3:247–264
Article 
    
                    Google Scholar 
                

	Xu Y, Zhang X, Ran Q, Tian Y (2013) Impact of climate change on hydrology of upper reaches of Qiantang River Basin, East China. J Hydrol 483:51–60
Article 
    
                    Google Scholar 
                

	Yan D, Ludwig F, Huang HQ, Werners SE (2018) Many-objective robust decision making for water allocation under climate change. Sci Total Environ 607:294–303

                    Google Scholar 
                

	Yue W, Cai Y, Xu L, Tan Q, Yin XA (2017) Adaptation strategies for mitigating agricultural GHG emissions under dual-level uncertainties with the consideration of global warming impacts. Stoch Environ Res Risk Assess 31(4):961–979
Article 
    
                    Google Scholar 
                

	Zahabiyoun B, Goodarzi MR, Bavani AM, Azamathulla HM (2013) Assessment of climate change impact on the Gharesou river basin using SWAT hydrological model. CLEAN-Soil Air Water 41(6):601–609
Article 
    CAS 
    
                    Google Scholar 
                

	Zhang S, Wu Y, Sivakumar B, Mu X, Zhao F, Sun P et al (2019) Climate change-induced drought evolution over the past 50 years in the southern Chinese Loess Plateau. Environ Model Softw 122:104519
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
This work was financially supported by the Ministry of Energy of I.R.IRAN. The authors gratefully acknowledge Dr. Massah for providing the downscaled climate change data of the Tashk–Bakhtegan Basin.


Author information
Authors and Affiliations
	Department of Water Resources Engineering, Tarbiat Modares University, Tehran, Iran
Hamid Abbasi, Majid Delavar & Roya Bigdeli Nalbandan

	Department of Irrigation Engineering, College of Aburaihan, University of Tehran, Tehran, Iran
Mehdy Hashemy Shahdany


Authors	Hamid AbbasiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Majid DelavarView author publications
You can also search for this author in
                        PubMed Google Scholar



	Roya Bigdeli NalbandanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mehdy Hashemy ShahdanyView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Majid Delavar.


Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Abbasi, H., Delavar, M., Bigdeli Nalbandan, R. et al. Robust strategies for climate change adaptation in the agricultural sector under deep climate uncertainty.
                    Stoch Environ Res Risk Assess 34, 755–774 (2020). https://doi.org/10.1007/s00477-020-01782-4
Download citation
	Published: 12 March 2020

	Issue Date: June 2020

	DOI: https://doi.org/10.1007/s00477-020-01782-4


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Robustness
	MORDM
	SWAT model
	Simulation–optimization
	Vulnerability








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.84.0.201
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    