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ABSTRACT

Water is increasingly becoming a major constraint in agricultural 

development in many countries across the world. It is anticipated that global 

environmental change will deteriorate the condition further in near future. The 

objective of this research is to develop an evaluation approach for systematic 

assessment of spatial distribution of water stress and its risk to society in order to aid 

mitigation planning. Bangladesh is used as a case study in this research. Criteria 

based approach is used to select the water stress indicators. A data driven method is 

proposed through the integration of catastrophe theory and entropy methods for 

assigning weights to indicators for the estimation of water stress and its risk in a 

geographical information system (GIS). The novelty of the integrated method is that 

it can be used in multi-criteria decision making by avoiding personal judgment. 

Evaluation of the performance of the integrated method shows that it can predict 

water stress with an accuracy of 0.9, which is much higher than catastrophe (0.82) 

and entropy theory (0.8) based methods. Application of proposed method in 

Bangladesh reveals that about 5.7% area of the country is experiencing very high 

water stress, 32.1% area is high water stress, and the rest is moderate or no water 

stress for agriculture. Agriculture in western part of Bangladesh experiences more 

water stress compared to other parts of the country. The vulnerability map shows 

25.1% area is very high vulnerable and 28.9% area is high vulnerable to water stress. 

The northwest region of the country is more vulnerable to water stress compared to 

other parts. Integration of water stress and vulnerability maps shows that northwest 

and southeast parts of Bangladesh have the highest risk to water stress. The analysis 

of the results reveal that higher agriculture water stress in northwest region resulted 

from water unavailability and in southwest region is closely related to poor water 

quality. The areas of highest water stress correspond very well with the areas that are 

usually thought as water scarce.
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ABSTRAK

Air semakin menjadi kekangan utama dalam pembangunan pertanian di 

negara di seluruh dunia. Dijangkakan bahawa perubahan persekitaran global akan 

menyusutkan lagi keadaan di masa depan. Objektif kajian ini adalah untuk 

membangunkan satu pendekatan penilaian untuk taksiran sistematik taburan tegasan 

air dan risikonya kepada masyarakat untuk membantu dalam perancangan menangani 

isu kekurangan air. Bangladesh digunakan sebagai kajian kes dalam penyelidikan ini. 

Pendekatan berasaskan kriteria digunakan untuk memilih penunjuk tegasan air. 

Pendekatan pendorongan data dicadangkan menerusi integrasi teori ‘catastrophe’ dan 

kaedah ‘entropy’ dalam memberi penekanan kepada petunjuk bagi menentukan 

tegasan air dan risikonya dalam sistem maklumat geografi (GIS). Novelti kaedah 

integrasi ini, ia boleh digunakan dengan mengambilkira pelbagai keputusan kriteria 

untuk mengelakkan pertimbangan secara persendirian. Penilaian prestasi kaedah 

integrasi menunjukkan bahawa ia meramalkan ketegasan air dengan ketepatan 0.9, 

lebih tinggi daripada kaedah berasaskan teori ‘catastrophe’ (0.82) dan ‘entropy’ 

(0.8). Aplikasi kaedah yang dicadangkan di Bangladesh mendedahkan terdapat 5.7% 

kawasan negara yang mengalami tegasan air yang sangat tinggi, 32.1% kawasan 

dengan tegasan air tinggi, dan selebihnya sederhana atau tiada tegasan air untuk 

pertanian. Kawasan pertanian di Barat Bangladesh mengalami lebih tegasan air 

berbanding dengan bahagian lain. Peta keterdedahan menunjukkan 25.1% kawasan 

terdedah sangat tinggi dan 28.9% kawasan terdedah tinggi dengan tegasan air. Barat 

laut negara lebih terdedah kepada tegasan air berbanding dengan bahagian lain. 

Integrasi tegasan air dan peta keterdedahan menunjukkan bahagian Barat laut dan 

Tenggara Bangladesh memiliki risiko tertinggi terhadap tegasan air. Analisis 

keputusan menunjukkan bahawa tegasan air tinggi untuk pertanian di Barat laut 

adalah kerana ketiadaan air manakala di Tenggara berkaitrapat dengan kualiti air 

yang kurang baik. Kawasan yang mempunyai tegasan air tertinggi juga merupakan 

kawasan yang pada kebiasaannya memiliki air yang terhad.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Study

Ever-increasing demand for water in recent decades due to population 

growth, climate change and economic development caused water stress in many 

countries across the world in recent years (Halim, 2010; Wang et al., 2016). 

According to IFFRI (2012), nearly 2.4 billion people or 36% of the total global 

population are at present experiencing water stress. The global water demand will 

grow continuously with the growth of population as well as economic development 

(Anseeuw et al., 2012). It has been projected that the global population will be above

9.6 billion by 2050 (United Nations 2013). Global food production will require to 

increase by 70% to feed the growing population. This will cause of an enormous 

extension of global irrigated agriculture (FAO 2009). A rapid growth in agricultural 

activities will certainly increase the water demand for agricultural all over the world 

(Price et al., 2014; Wang et al., 2014). According to OECD (2012), the demand of 

global water may increase up to 55% within 2050, and the major increases will be in 

the developing countries which are currently facing water stress. As the availability 

of water is limited, the rising demand of water may make water resources more 

scarce (Schmitz et al., 2013; Wang et al. 2013). It has been projected that 

approximately 52% of the world’s population will have been exposed to extreme 

water stress by 2050 (IFFRI, 2012). This will make water stress as the key problem 

of development in many countries across the world, if  appropriate adaptation 

measures are not taken (Wang et al., 2014).
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Many of the highly populated developing countries, like Bangladesh, 

Pakistan, Sri Lanka and India consume almost 85% of total water use for agricultural 

(Shahid et al., 2015). About 60-80% food production in those countries comes from 

irrigated agriculture. However, the available water per capita in many of those 

countries is lower than the average water available over the World (Sidhu, 2014). 

Furthermore, rapid depletion in water resource is going on due to global 

environmental changes as well as due to the mismanagement of this precious 

resource.

It is anticipated that increased temperature due to the changes in climate will 

change the magnitudes, intensities and frequencies of rainfall as well as its inter

annual variability and geographical distributions (Wang et al., 2014). Variability in 

the amount and distribution of rainfall may cause water stress, which in turn may 

limit crop yield (Basak, 2011). Understanding existing condition of water stress is 

essential for appropriate adaptation and mitigation planning in the context of 

environmental changes (Batisani and Yarnal, 2010, Shahid et al., 2016).Thus, it is 

necessary to have a comprehensive assessment of current conditions water stress for 

sustainable management of water resources.

1.2 Problem Statement

Water stress encompasses different dimensions which need to be addressed 

clearly for its assessment (Forouzani & Karami, 2011). Water stress indices are 

generally used to evaluate the sustainability or stress in water resources. A number of 

water stress indices have been developed and successfully applied in different 

regions of world e.g. Falkenmarker indicator (Falkenmark, 1989), water poverty 

index (Sullivan, 2002), Canadian water sustainability index (CWSI, 2007) and 

watershed sustainability index (Chaves & Alipaz, 2007), etc. Although these indices 

have been successfully implemented in some regions or countries, they are not 

applicable to other regions and countries (Juwana, Perera, & Muttil, 2010). This
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emphasizes the need of a new approach for assessment of water stress applicable in a 

broader geographic context.

Two major steps are used to evaluate water stress using index base method 

namely, selection of suiindicators and assigning weights to indicators. Generally 

indicators and weights are selected or assigned by decision makers, which reflects 

the preference of decision maker in specific study or region (Ahmed et al., 2015; Al- 

Abedi and Shahid, 2015). Therefore, processes of indicator selection and weighting 

the indicators in most of the cases are usually inadequately systematic and 

transparent, which often results in a subjective decision and unsystematic 

conclusions (Wang et al., 2014).

Therefore, the major challenge in evaluation of water stress using index based 

approach is the selection of suiindicators in a transparent way and assigning weights 

by avoiding human preferences. This emphasizes the need to develop an approach 

for systematic selection of indicators and assigning weights objectively so that they 

can be used in a wide range of environmental assessment.

1.3 Research Objectives

The major objective of the research is to develop an approach for systematic 

assessment of spatial distribution of agricultural water stress and its risk in order to 

aid necessary adaptation and mitigation planning. The specific objectives are

1. To identify the suiindicators in a methodical way for assessment of 

geographic distribution of agricultural water stress, vulnerability and 

adaptation

2. To develop a data driven multi-criteria evaluation approach through 

integration of catastrophe and entropy theories for the unbiased assessment of 

spatial distribution of risk to agricultural water stress.
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3. To apply the data driven multi-criteria evaluation approach for mapping 

agricultural water stress risk in Bangladesh.

1.4 Significance of the Study

A water stress index development approach is proposed to select indicators in 

a systematic way and assign weights mathematically. It can be expected that the 

proposed water stress indicator will be an important tool for the assessment of 

existing water stress as well as future water stress conditions in the context of 

changing environment. The application of proposed method will help the 

stakeholders and decision makers to take appropriate decisions and measures for the 

utilization of water and long term water planning in water stressed regions.

Agriculture is a decisive factor in the economy and politics in Bangladesh. 

However, knowledge on increasing water stress in agriculture of Bangladesh is not 

much clear to stakeholders and decision makers. It can be expected that the proposed 

study will help the policy makers and related organizations for adopting necessary 

adaptation measures.

1.5 Scope of the Study

The scopes of the study are

1. To assess agricultural water stress within the geographical boundary of 

Bangladesh

2. To assess agricultural water stress risk by considering spatial distribution of 

agricultural water stress, socio-economic vulnerability to water stress, and 

adaptation capacity to water stress.

3. To identify the water stress, vulnerability, and adaptability based on the 

different qualitative assessment method.
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4. To identify the adaptation measures relevant to the socio-economic context of 

Bangladesh.

1.6 Research Hypothesis

1. How an index-based multi-criteria evaluation tool can be develop to avoid 

subjectivity in decision making.

2. How multi-criteria decision making tools can be used for the assessment of 

agricultural water stress in order to adapt with agricultural water stress.

1.7 Research Questions

1. The physical theory based weighting approach can reduce subjectivity in 

decision making and provide unbiased estimation of spatial distribution of 

water stress.

2. Systematic assessment of spatial distribution of agricultural water stress 

can help to identify the cause of water stress and adaptation measures to 

mitigate water stress

1.8 Outline Of The Thesis

The present thesis is organized in five chapters. Outline of the thesis is given below.

1. The background, objectives, significance and scopes of the study are 

discussed in Chapter 1

2. Literatures related to water stress and its assessment using index based 

approach is reviewed in Chapter 2.
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3. The methodology developed to assess the geographic distribution of water 

stress risk is given in Chapter 3. Description of the study area and data used 

are also discussed in chapter 3.

4. The obtained results using the methodology proposed in Chapter 3 are 

presented in Chapter 4. The results are also analyzed in this chapter in order 

to derive possible adaptation methods.

5. The conclusions derived from the finding of the research and the future 

studies that can be envisaged from this study are mentioned in Chapter-5.



REFERENCES

Aad, G., Abbott, B., Abdallah, J., Abdelalim, A., Abdesselam, A., Abdinov, O., . . . 

Abramowicz, H. (2012). Determination of the Strange-Quark Density of the 

Proton from ATLAS Measurements of the W ^- I  v and I  I  Cross 

Sections. Physical review letters, 109(1), 012001.

Adhikari, S.; Fernando, S.( 2006), Hydrogen Membrane Separation Techniques. Ind.

Eng. Chem. Res., 45 (3), 875-881 

Agrawal, M., Singh, B., Rajput, M., Marshall, F., & Bell, J. (2003). Effect of air 

pollution on peri-urban agriculture a case study. Environmental Pollution, 

126(3), 323-329..

Ahmed AU, Alam M (1999) Development of climate change scenarios with general 

circulation models. In Huq S et al (eds) Vulnerability and adaptation to 

climate change for Bangladesh.Kluwer Academic Publishers, Dordrecht, pp 

125-143

Ahmed K, Shahid S, bin Harun S, Ismail T, Nawaz N, Shamsudin S (2014) 

Assessment of groundwater potential zones in an arid region based on 

catastrophe theory. Earth Sci Inform. doi 10.1007/s12145-014-0173-3 

Ahmed, K., Shahid, S., bin Harun, S., Ismail, T., Nawaz, N., & Shamsudin, S. 

(2015). Assessment of groundwater potential zones in an arid region based on 

catastrophe theory. Earth Science Informatics, 8(3), 539-549.

Al-Abadi AM (2015) Modeling of groundwater productivity in northeastern Wasit 

Governorate, Iraq by using frequency ratio and Shannon’s entropy models. 

Appl Water Sci ( in press)

Ali, A. M. S. (2006). Rice to shrimp Land use/land cover changes and soil 

degradation in Southwestern Bangladesh. Land Use Policy, 23(4), 421-435. 

Al-Omari, A. S., Al-Karablieh, E. K., Al-Houri, Z. M., Salman, A. Z., & Al-Weshah, 

R. A. (2015). Irrigation water management in the jordan valley under water 

scarcity. Fresenius Environmental Bulletin, 24(4), 1176-1188



125

Amiri, F., Millan, D., Shen, Y., Rabczuk, T., & Arroyo, M. (2014). Phase-field 

modeling of fracture in linear thin shells. Theoretical and Applied Fracture 

Mechanics, 69, 102-109.

Amiri, M., & Modarres, M. (2014). An entropy-based damage characterization. 

Entropy, 16(12), 6434-6463.

Anderson, R.P., Lew, D., Peterson, A.T., (2003). Evaluating predictive models of 

species’ distributions criteria for selecting optimal models. Ecol. Model. 162, 

211-232.

Anderson, R.P., Peterson, A.T., Gomez-Laverde, M., (2002). Using niche-based GIS 

modeling to test geographic predictions of competitive exclusion and 

competitive release in South American pocket mice. Oikos 93, 3-16.

Anseeuw W, Alden Wily L, Cotula L, Taylor M (2012) Land rights and the rush for 

land findings of the global Commercial Pressures on Land research project. 

ILC, Rome, p 72

Appleton, K., & Lovett, A. (2003). GIS-based visualisation of rural landscapes 

defining ‘sufficient’realism for environmental decision-making. Landscape 

and Urban Planning, 65(3), 117-131.

Ashraf, M., Ashraf, M., Sarwar, G., & Dris, R. (2005). Response of okra (Hibiscus 

esculentus) to drought and salinity stresses. Vegetables growing environment 

and mineral nutrition. WFL Publisher, Helsinki, 166-177.

Atkinson, D., McLeod, A.I. and Sing,K.S.W. (1984).Adsorptive Properties of 

MicroporousAarbons PSA Process. Sep Technol. ;5239-249.

BADC. (2005). Survey Report on Irrigation Equipment and Irrigated Area in Boro 

Agriculture Development Corporation, Bangladesh, 183.

Banglapedia (2003) National Encyclopaedia of Bangladesh. Asiatic Society of 

Bangladesh, Dhaka.

Barker, R., Koppen, B.V. (1999) Water Scarcity and Poverty. International Water 

Management Institute (IWMI), Colombo, Sri Lanka

Basak JK (2011). Changing Rainfall Pattern Effects on Water Requirement of 

T.Aman Cultivation in Bangladesh. Public Journal of Environmental Science 

11(1) 1-8

Bastiaanssen, W. G., & Steduto, P. (2017). The water productivity score (WPS) at 

global and regional level Methodology and first results from remote sensing



126

measurements of wheat, rice and maize. Science o f  The Total Environment, 

575, 595-611

Bayart, J.-B., Worbe, S., Grimaud, J., Aoustin, E. (2014). The Water Impact Index A 

simplified single-indicator approach for water footprinting. International 

Journal of Life Cycle Assessment, 19 (6) 1336-1344.

Belton V, Miller KA (2014) Water resource management and climate change 

adaptation a holistic and multiple criteria perspective. Mitigation and 

Adaptation Strategies for Global Change. DOI 10.1007/s11027-013-9537-0

Bender, S. (2002). Development and use of natural hazard vulnerability-assessment 

techniques in the Americas. Natural Hazards Review, 3(4), 136-138.

Benham CJ, Kozak JJ (1976) Denaturation an example of a catastrophe II. Two-state 

transitions Journal of Theoretical Biology 63125-149 

doihttp//dx.doi.org/10.1016/0022-5193(76)90089-8

Bouman, B., Lampayan, R., & Tuong, T. (2007). Water management in irrigated rice 

coping with water scarcity Int. Rice Res. Inst.

Boutraa, T. (2010). Improvement of water use efficiency in irrigated agriculture a 
review. Journal of Agronomy, 9(1), 1-8.

Birkman, J. (2007). Risk and vulnerability indicators at different scales Applicability,

usefulness and policy implications. Environmental Hazards, 7,20-31.

Bojorquez-Tapia, L. A., Diaz-Mondragon, S., & Ezcurra, E. (2001). GIS-based 

approach for participatory decision making and land suitability assessment. 

International Journal of Geographical Information Science, 15(2), 129-151.

Boulay, A.-M., Bare, J., De Camillis, C., Doll, P., Gassert, F., Gerten, D., Humbert, 

S., Pfister, S. (2015). Consensus building on the development of a stress- 

based indicator for LCA-based impact assessment of water consumption 

outcome of the expert workshops. International Journal of Life Cycle 

Assessment, 20 (5) 577-583

Brooks, N. (2003). Vulnerability, risk and adaptation A conceptual framework. 

Tyndall Centre for Climate Change Research Working Paper, 38, 1-16.

Bui, D. T., Pradhan, B., Lofman, O., Revhaug, I., & Dick, O. B. (2012). Spatial 

prediction of landslide hazards in Hoa Binh province (Vietnam) a 

comparative assessment of the efficacy of evidential belief functions and 

fuzzy logic models. Catena, 96, 28-40.



127

Calizaya, A., Meixner, O., Bengtsson, L., & Berndtsson, R. (2010). Multi-criteria 

decision analysis (MCDA) for integrated water resources management 

(IWRM) in the lake Poopo basin, Bolivia. Water Resources Management, 

24(10), 2267-2289.

Castillo, A., Castelli, F., & Entekhabi, D. (2015). An entropy-based measure of 

hydrologic complexity and its applications. Water Resources Research, 51(7), 

5145-5160.

Chai, Q., Gan, Y., Turner, N. C., Zhang, R.-Z., Yang, C., Niu, Y., et al. (2014). 

Chapter Two - Water-Saving Innovations in Chinese Agriculture. In L. S. 

Donald (Ed.), Advances in Agronomy (Vol. Volume 126, pp. 149-201) 

Academic Press

Chang, N.-B., Parvathinathan, G., & Breeden, J. B. (2008). Combining GIS with 

fuzzy multicriteria decision-making for landfill siting in a fast-growing urban 

region. Journal of environmental management, 87(1), 139-153.

Chaves, H. M., & Alipaz, S. (2007). An integrated indicator based on basin 

hydrology, environment, life, and policy the watershed sustainability index. 

Water Resources Management, 21(5), 883-895.

Chen, T.-Y., & Li, C.-H. (2010). Determining objective weights with intuitionistic 

fuzzy entropy measures a comparative analysis. Information Sciences, 

180(21), 4207-4222.

Chen, F., Li, J. (2016) Quantifying drought and water scarcity a case study in the 

Luanhe river basin. Natural Hazards, 81(3) 1913-1927

Chen, K., Blong, R., & Jacobson, C. (2001). MCE-RISK integrating multicriteria 

evaluation and GIS for risk decision-making in natural hazards. 

Environmental Modelling & Software, 16(4), 387-397.

Chen, Y., Hipel, K. W., & Kilgour, D. M. (2007). Multiple-criteria sorting using 

case-based distance models with an application in water resources 

management. Systems, Man and Cybernetics, Part A Systems and Humans, 

IEEE Transactions on, 37(5), 680-691.

Chen, Y., Song, G., Yang, F., Zhang, S., Zhang, Y., & Liu, Z. (2012). Risk 

assessment and hierarchical risk management of enterprises in chemical 

industrial parks based on catastrophe theory. International journal of 

environmental research and public health, 9(12), 4386-4402.



128

Chen, Y., Zhang, S., Zhang, Y., Xu, L., Qu, Z., Song, G., & Zhang, J. (2015). 

Comprehensive assessment and hierarchical management of the sustainable 

utilization of urban water resources based on catastrophe theory. Journal of 

the Taiwan Institute of Chemical Engineers.

Chowdhury A, Jha MK, Chowdary VM, Mal BC (2009) Integrated remote sensing 

and GIS-based approach for assessing groundwater potential in West 

Medinipur district, West Bengal, India Int J Remote Sens 30231-250 

doi10.1080/01431160802270131

Chowdhury, N. T. (2010). The relative efficiency of water use in Bangladesh 

agriculture. Quarterly Journal of International Agriculture, 49(2), 147-164.

Corsini A, Cervi F, Ronchetti F (2009) Weight of evidence and artificial neural 

networks for potential groundwater mapping an application to the Mt. 

Modino area (Northern Apennines, Italy). Geomorphology 111 79-87. 

doi10.1016/j.geomorph.2008.03.015

Cui, H., & Singh, V. P. (2015). Configurational entropy theory for streamflow 

forecasting. Journal of hydrology, 521, 1-17.

Cutter, S. L., Boruff, B. J., & Shirley, W. L. (2003). Social vulnerability to 

environmental hazards*. Social science quarterly, 84(2), 242-261.

Cutter, S. L., Mitchell, J. T., & Scott, M. S. (2000). Revealing the vulnerability of 

people and places a case study of Georgetown County, South Carolina. 

Annals of the association of American Geographers, 90(4), 713-737.

CWSI, (2007). Policy Research Initiative. DAC(2003)3/FINAL, Paris, France. 

www.oecd.org/dataoecd/ 46/55/21055658.pdf. Accessed 24 Oct 2011

Das, S., Ashrit, R., & Moncrieff, M. (2006). Simulation of a Himalayan cloudburst 

event. Journal of earth system science, 115(3), 299-313.

Dasgupta, S., Kamal, F. A., Khan, Z. H., Choudhury, S., & Nishat, A. (2014). River 

salinity and climate change evidence from coastal Bangladesh.

DeLong, E.R., DeLong, D.M., Clarke-Pearson, D.L., 1988. Comparing the areas 

under two or more correlated receiver operating characteristic curves a 

nonparametric approach. Biometrics 44, 837-845.

Doll, P. (2009). Vulnerability to the impact of climate change on renewable 

groundwater resources a global-scale assessment. Environmental Research 

Letters, 4(3), 035006

http://www.oecd.org/dataoecd/


129

Ebert, A., Kerle, N., & Stein, A. (2009). Urban social vulnerability assessment with 

physical proxies and spatial metrics derived from air-and spaceborne imagery 

and GIS data. Natural hazards, 48(2), 275-294.

Egan, J. P. (1975). Signal detection theory and {ROC} analysis

Elle, M., Dammann, S., Lentsch, J., Hansen, K. (2010). Learning from the social 

construction of environmental indicators from the retrospective to the pro

active use of SCOT in technology development. Build Environ 45135-142.

Elmahdy SI, Mohamed MM (2014) Probabilistic frequency ratio model for 

groundwater potential mapping in Al Jaww plain, UAE. Arab J Geosci. doi 

10.1007/s12517-014-1327-9

Ercin, A.E., Hoekstra, A.Y. (2014) Water footprint scenarios for 2050 A global 

analysis. Environment International, 64 71-82.

ESCAP, 2011. Statistical Yearbook for Asia and the Pacific 2011 (p. 287). Bangkok, 

Thailand United Nations, Economic and Social Commission for Asia and the 

Pacific.

Falkenmark, M. (1989). The massive water scarcity now threatening Africa why isn't 

it being addressed? Ambio, 112-118.

Falkenmark, M. (2013). Growing water scarcity in agriculture Future challenge to 

global water security. Philosophical Transactions of the Royal Society A 

Mathematical, Physical and Engineering Sciences, 371 (2002), Art. No. 

20120410.

Falkenmark, M. and Widstrand, C. (1992) Population and Water Resources A 

delicate balance. Population Bulletin. Population Reference Bureau, 

Washington, USA.

FAO (2009) How to feed the world in 2050. Proceedings of the expert meeting on 

how to feed the world in 2050, FAO Headquarters, Rome, 24-26 June 2009

FAO (2012) coping with water scarcity An action framework for agriculture and 

food security. Food and Agriculture Organization (FAO) of the United 

Nations, Rome, Italy

FAO-AQUASTAT. (2012) FAO Global information system on water and 

agriculture. http//www.fao.org/nr/water/aquastat/maps/index.stm

Faisal, I., Parveen, S., & Kabir, M. (2005). Sustainable development through 

groundwater management a case study on the Barind tract. International 

Journal o f  Water Resources Development, 21(3), 425-435.

http://www.fao.org/nr/water/aquastat/maps/index.stm


130

Feng P, LI S-f, LI J-z (2008) Catastrophe theory-based risk evaluation of 

groundwater environment. Journal of natural disasters 21-4

Forouzani, M., & Karami, E. (2010). Agricultural water poverty index and 

sustainability. Agronomy for Sustainable Development.

Forouzani, M., & Karami, E. (2011). Agricultural water poverty index and 

sustainability. Agronomy for Sustainable Development, 31(2), 415-431. doi 

10.1051/agro/2010026

Gleick, P. H. (1996). Basic water requirements for human activities Meeting basic 

needs. Water international, 21(2), 83-92.

Green, T. R., Taniguchi, M., Kooi, H., Gurdak, J. J., Allen, D. M., Hiscock, K. M., . .

. Aureli, A. (2011). Beneath the surface of global change Impacts of climate 

change on groundwater. Journal o f  hydrology, 405(3), 532-560.

Habiba, U., Shaw, R., & Takeuchi, Y. (2012). Farmer's perception and adaptation 

practices to cope with drought Perspectives from Northwestern Bangladesh. 

International Journal of Disaster Risk Reduction, 1, 72-84.

Hajkowicz, S., & Collins, K. (2007). A review of multiple criteria analysis for water 

resource planning and management. Water Resources Management, 21(9), 

1553-1566.

Hajkowicz, S., & Higgins, A. (2008). A comparison of multiple criteria analysis 

techniques for water resource management. European journal of operational 

research, 184(1), 255-265.

Halim, N. S. (2010). Agriculture—Meeting the Water Challenge.

http//water.jhu.edu/magazine/agriculturemeeting-the-water- 

challenge/#R 1_ref

Hanasaki, N., Fujimori, S., Yamamoto, T., Yoshikawa, S., Masaki, Y., Hijioka, Y., 

Kainuma, M., Kanae, S. (2013) A global water scarcity assessment under 

Shared Socio-economic Pathways - Part 2 Water availability and scarcity. 

Hydrology and Earth System Sciences, 17(7) 2393-2413.

Henry De-Graft, A. (2011), “Public awareness and quality of knowledge regarding 

climate change in Ghana a logistic regression approach”, Journal of 

Sustainable Development in Africa, Vol. 13 No. 3, pp. 146-157.

Hoekstra, A.Y. (2013) The Water Footprint of Modern Consumer Society. Routledge 

London, UK

http://water.jhu.edu/magazine/agriculturemeeting-the-water-challenge/%23R1_ref
http://water.jhu.edu/magazine/agriculturemeeting-the-water-challenge/%23R1_ref


131

Hoekstra, A.Y. (2016) A critique on the water-scarcity weighted water footprint in 

LCA. Ecological Indicators, 66(1) 564-573.

Hongtao, L. I. A. N. G., Fengju, K. A. N. G., & Nannan, Z. H. A. I. (2014). 

Comprehensive fidelity evaluation for visual simulation based on catastrophe 

theory and trapezoidal fuzzy number. Journal of Jiangsu University (Natural 

Science Edition), 1, 010.

Hoque, M. A.-A., Saika, U., Sarder, B. C., & Biswas, K. K. (2013). Environmental 

and Socio-economic Impacts of Salinity Intrusion in the Coastal Area A Case 

Study on Munshigong Union, Shymnagor, Satkhira. Jahangirnagar University 

Environmental Bulletin, 2, 41-49.

Hossain, M. M. (2014). Impact Evaluation of Enhancement of Agricultural 

Production and Rural Employment through Extension of Agricultural 

Engineering Technologies (2nd Revised).

Huang, S. H., Wang, G. X., & Yan, Y. (2015, December). Decision-making method 

of reconfigurable manufacturing system's reconfiguration timing based on 

catastrophe theory. In Industrial Engineering and Engineering Management 

(IEEM), 2015 IEEE International Conference on (pp. 120-124). IEEE.

Hyde, K. M., Maier, H. R., & Colby, C. B. (2004). Reliability-based approach to 

multicriteria decision analysis for water resources. Journal of Water 

Resources Planning and Management, 130(6), 429-438.

Hyde, K., Maier, H., & Colby, C. (2005). A distance-based uncertainty analysis 

approach to multi-criteria decision analysis for water resource decision 

making. Journal of environmental management, 77(4), 278-290.

Idrisa, Y.L., Ogunbameru, B.O., Ibrahim, A.A. and Bawa, D.B. (2012), “Analysis of 

awareness and adaptation to climate change among farmers in the Sahel- 

Savannah agro-ecological zone of Borno State, Nigeria”, British Journal of 

Environment and Climate Change, Vol. 2 No. 2, pp. 216-226.

IFPRI (2012) 2012 Global Hunger Index, chapter 3 sustainable food security under 

land, water, and energy stresses. International Food Policy Research Institute, 

Washington, DC

Islam MN, Rafiuddin M, Ahmed AU, Kolli RK (2008) Calibration of PRECIS in 

employing future scenarios in Bangladesh. Int J Climatol 28(5)617-628. 

doi10.1002/joc.1559.



132

Islam, T., & Peterson, R. E. (2009). Climatology of landfalling tropical cyclones in 

Bangladesh 1877-2003. Natural hazards, 48(1), 115-135.

Islam, S. N. (2010). Threatened wetlands and ecologically sensitive ecosystems 

management in Bangladesh. Frontiers of Earth Science in China, 4(4), 438

448.

Islam, T., & Neelim, A. (2010). Climate change in Bangladesh A closer look into 

temperature and rainfall data University Press.

Jaeger, C. C., Webler, T., Rosa, E. A., & Renn, O. (2013). Risk, uncertainty and 

rational action Routledge.

Jahani, C. S., & Ahmed, M. (1997). Flow of groundwater in the Barind area, 

Bangladesh implication of structural framework. Geological Society of India, 

50(6), 743-752.

Jiang, Y., Metz, C.E., Nishikawa, R.M., 1996. A receiver operating characteristic 

partial area index for highly sensitive diagnostic tests. Radiology 201, 745

750.

Juwana, I., Perera, B. J. C., & Muttil, N. (2010). A water sustainability index for 

West Java. Part 1 developing the conceptual framework. Water Science And 

Technology A Journal O f The International Association On Water Pollution 

Research, 62(7), 1629-1640. doi 10.2166/wst.2010.452

Juwana, I., Perera, B., & Muttil, N. (2010). A water sustainability index for West 

Java. Part 1 developing the conceptual framework. Water Science and 

Technology, 62(7), 1629.

Karim, M. F., & Mimura, N. (2008). Impacts of climate change and sea-level rise on 

cyclonic storm surge floods in Bangladesh. Global Environmental Change, 

18(3), 490-500.

Kibue, G. W., Pan, G., Zheng, J., Zhengdong, L., & Mao, L. (2015). Assessment of 

climate change awareness and agronomic practices in an agricultural region 

of Henan Province, China. Environment, Development and Sustainability, 

17(3), 379-391.

Kiker, G. A., Bridges, T. S., Varghese, A., Seager, T. P., & Linkov, I. (2005). 

Application of multicriteria decision analysis in environmental decision 

making. Integrated environmental assessment and management, 1(2), 95-108.

Kozak, J. J., & Benham, C. J. (1974). Proceedings of the National Academy of 

Sciences of the United States of America.



133

Kumar K, Patwardhan S, Kulkarni A, Kamala K, Rao K, Jones R (2011) Simulated 

projections for summer monsoon climate over India by a high-resolution 

regional climate model (PRECIS). Curr Sci 101312-326 

Kummu, M., Ward, P.J., De Moel, H., Varis, O. (2010) Is physical water scarcity a 

new phenomenon? Global assessment of water shortage over the last two 

millennia. Environmental Research Letters, 5 (3), Art. no. 034006.

Lauire, P. (2003). Disaster development and community planning, and public 

Lee S, Kim YS, Oh HJ (2012) Application of a weight-of-evidence method and GIS 

to regional groundwater productivity potential mapping. J. Environ Manage 

96 91-105. doi10.1016 / j.jenvman 2011.09.016 

Li, S.f., 2011. Assessment of flood hazard risk based on catastrophe theory in flood 

detention basins, Electric Technology and Civil Engineering (ICETCE), pp. 

139-142.

Li, W. J., Zhang, S. M., & Han, X. M. (2011). Judgement method for surrounding 

rock stability of guanjiao tunnel based on catastrophe theory. In Applied 

Mechanics and Materials (Vol. 90, pp. 2307-2312). Trans Tech Publications. 

Lin, T., Lin, J. Y., Cui, Sh, Cameron, S. (2009). Using a network framework to 

quantitatively select ecological indicators. Ecol Indic 91114-1120.

Loucks, C., Barber-Meyer, S., Hossain, M. A. A., Barlow, A., & Chowdhury, R. M. 

(2010). Sea level rise and tigers predicted impacts to Bangladesh’s 

Sundarbans mangroves. Climatic Change, 98(1), 291-298.

Makoka, D., & Kaplan, M. (2005). Poverty and vulnerability An interdisciplinary 

approach.Uni-versitat Bonn.

Manabe S, Stouffer RJ, Spelman MJ, Bryan K (1991) Transient responses of a 

coupled ocean-atmosphere model to gradual changes of atmospheric CO2. 

Part I annual mean response.

Manap MA, Sulaiman WN, Ramli MF, Pradhan B, Surip N (2011) A knowledge- 

driven GIS modeling technique for groundwater potential mapping at the 

Upper Langat Basin, Malaysia. Arab J Geosci 6 1621-1637. doi

10.1007/s12517-011-0469-2 

May W (2004) Simulation of the variability and extremes of daily rainfall during the 

Indian summer monsoon for present and future times in a global time-slice 

experiment. Clim Dyn 22(2-3)183-204. doi10.1007/s00382-003-0373-x



134

McKee, T. B., Doesken, N. J., and Kleist, J. (1993). The relationship of drought 

frequency and duration of time scales. Eighth Conference on Applied 

Climatology, American Meteorological Society, Jan17-23, 1993, Anaheim 

CA, pp.179-186.

Mekonnen, M.M., Hoekstra, A.Y. (2016) Four billion people facing severe water 

scarcity. Science advances, 2(1) e1500323 

MoEF (2009) Bangladesh Climate Change Strategy and Action Plan 2009. Ministry 

of Environment and Forests, Government of the People's Republic of 

Bangladesh, Dhaka, Bangladesh, xviii+76 pp.

Moghaddam DD, Rezaei M, Pourghasemi HR, Pourtaghie ZS, Pradhan B (2013) 

Groundwater spring potential mapping using bivariate statistical model and 

GIS in the Taleghan Watershed, Iraq. Arab J Geosci. doi 10.1007/s12517- 

013-1161-5

Naghibi SA, Pourghasemi HR, Pourtaghi ZS, Rezaei A (2014) Groundwater qanat 

potential mapping using frequency ratio and Shannon’s entropy models in the 

Moghan watershed, Iraq. Earth Sci Inform. doi 10.1007/s12145-014-0145-7 

Nampak H, Pradhan B, Manap MA (2014) Application of GIS based data driven 

evidential belief function model to predict groundwater potential zonation. J. 

of Hydrol 513283-300.

Niemeijer, D., de Groot, R. S. (2008). A conceptual framework for selecting 

environmental indicator sets. Ecol Indic 814-25.

OECD (2003) Development and climate change in Bangladesh focus on coastal 

flooding and the Sundarbans. In Agrawala S, Ota T, Ahmed AU (eds) 

Organization for economic co-operation and development (OECD) report 

COM/ENV/EPOC/DCD/

OECD (2012) The OECD environmental outlook to 2050 the consequences of 

inaction. OECD and the PBL Netherlands Environmental Assessment Agency 

Ohlsson, L., & Lundqvist, J. (2000). The turning of a screw-Social Adaptation to 

Water Scarcity. Malin Falkenmark et al., New dimensions in water security 

(Part 3). Rome FAO/AGLW.

Ouda, S. (2015). Major crops and water scarcity in egypt Irrigation water 

management under changing climate. Major crops and water scarcity in 

egypt Irrigation water management under changing climate (pp. 1-126) 

doi10.1007/978-3 -319-21771-0



135

Ozdemir, A. (2011a) Using a binary logistic regression method and GIS for 

evaluating and mapping the gorundwarer spring potential in the Sultan 

Mountians (Aksehir, Turkey). J Hydrol 405 123-136.

doi10.1016/j.jhydrol.2011.05.015 

Palmer, T.N., Raisanen, J. (2002). Quantifying the risk of extreme seasonal 

precipitation events in a changing climate. Nature 415(6871) 512-514. doi 

10.1038/415512a

Palmer, W.C. (1965). Meteorological Drought. Res. Paper No.45, 58pp. Dept. of 

Commerce, Washington, D.C.participation How to achieve sustainable 

hazard mitigation. Natural Hazards, 28(2-3), 211-228 

Paulsen, J., & Selmar, D. (2016). Case study The difficulty of correct reference 

values when evaluating the effects of drought stress a case study with 

Thymus vulgaris. Journal of Applied Botany and Food Quality, 89.

Pereira, J. M., & Duckstein, L. (1993). A multiple criteria decision-making approach 

to GIS-based land suitability evaluation. International Journal of 

Geographical Information Science, 7(5), 407-424.

Peterson, A.T., Papes, M, Soberon, J. (2008) Rethinking receiver operating 

characteristic analysis applications in ecological niche modeling. ecological 

modelling 213 63-72 

Pfister, S., Bayer, P. (2014) Monthly water stress Spatially and temporally explicit 

consumptive water footprint of global crop production. Journal of Cleaner 

Production, 73 52-62.

Porkka, M., Gerten, D., Schaphoff, S., Siebert, S., & Kummu, M. (2016). Causes and 

trends of water scarcity in food production. Environmental Research Letters, 

11(1), 015001.

Pourtaghi ZS, Pourghasemi HR (2014) GIS-based groundwater spring potential 

assessment and mapping in the Birjand Township, southern Khorasan 

Province, Iran. Hydrogeol J 22 643-662. doi 10.1007/s10040-013-1089-6 

Prasad RK, Mondal NC, Banerjee P, Nandakumar MV, Singh VS (2008) 

Deciphering potential groundwater zone in hard rock through the application 

of GIS Environ Geol 55467-475 doi10.1007/s00254-007-0992-3.



136

Preeja, K., Joseph, S., Thomas, J., & Vijith, H. (2011). Identification of groundwater 

potential zones of a tropical river basin (Kerala, India) using remote sensing 

and GIS techniques. Journal o f  the Indian Society o f  Remote Sensing, 39(1), 

83-94.

Price JI, Chermak JM, Felardo J (2014) Low-flow appliances and household water 

demand an evaluation of demand-side management policy in Albuquerque, 

New Mexico. J Environ Manage 13337-44

Provost, F., Fawcett, T. (1997). Analysis and visualization of classifier performance 

Comparison under imprecise class and cost distributions. In Proc. Third 

Internat. Conf. on Knowledge Discovery and Data Mining (KDD-97). AAAI 

Press, Menlo Park, CA, pp. 43-48.

Provost, F., Fawcett, T., Kohavi, R., (1998). The case against accuracy estimation for 

comparing induction algorithms. In Shavlik, J. (Ed.), Proc. ICML-98. Morgan 

Kaufmann, San Francisco, CA, pp. 445-453.

Qiu, W. (2002). Management Decision and Entropy Theory China Machine Press, 
Beijing, China.

Rahman MM, Islam MN, Ahmed AU, Georgi F (2012a) Rainfall and temperature 

scenarios for Bangladesh for the middle of 21st century using RegCM. J 

Earth Syst Sci 121(2)287-295. doi10.1007/s12040-012-0159-9

Rahman MM, Rajib MA, Hassan MM, Iskander SM, Khondoker MTH, Rakib ZB, 

Ankur AK (2012b) Application of RCM-based climate change indices in 

assessing future climate part IIprecipitation concentration. World 

environmental and water resources congress 2012 crossing boundaries, pp 

1787-1793

Rahut, D.B., Ali, A., Imtiaz, M., Mottaleb, K.A., Erenstein, O. (2016) Impact of 

irrigation water scarcity on rural household food security and income in 

Pakistan. Water Science and Technology Water Supply, 16(3) 675-683

Rajib MA, Rahman MM, Islam AKMS, McBean EA (2011) Analyzing the future 

monthly precipitation pattern in Bangladesh from multi-model projections 

using both GCM and RCM. World environmental and water resources 

congress 2011 bearing knowledge for sustainability, pp 3843-3851. 

doi10.1061/9780784412312.177.



137

Rasel, H., Hasan, M., Ahmed, B., & Miah, M. (2013). Investigation of soil and water 

salinity, its effect on crop production and adaptation strategy. International 

Journal of Water Resources and Environmental Engineering, 5(8), 475-481. 

Rashid, H. (1991). Geography of Bangladesh. University Press Ltd, Dhaka. 

Rijsberman, F.R. (2006) Water scarcity Fact or fiction? Agricultural Water 

Management, 80 (1-3) 5-22.

Rodriguez, R. D., Singh, V. P., Pruski, F. F., & Calegario, A. T. (2015). Using 

entropy theory to improve the definition of homogeneous regions in the semi- 

arid region of Brazil. Hydrological Sciences Journal(just-accepted).

Rouillard, J. J., Benson, D., & Gain, A. K. (2014). Evaluating IWRM implementation 

success are water policies in Bangladesh enhancing adaptive capacity to 

climate change impacts? International Journal of Water Resources 

Development, 30(3), 515-527.

Sadeghfam, S., Hassanzadeh, Y., Nadiri, A. A., & Khatibi, R. (2016). Mapping 

groundwater potential field using catastrophe fuzzy membership functions 

and Jenks optimization method a case study of Maragheh-Bonab plain, Iran. 

Environmental Earth Sciences, 75(7), 1-19.

Sarker, M. (2010). Assessment of spatial trend of soil salinity in southwest region of 

Bangladesh using GIS techniques. Ecology Division. Center for 

Environmental and Geographic Information Services, Dhaka, Bangladesh. 

Saroar, M. M., & Routray, J. K. (2012). Impacts of climatic disasters in coastal 

Bangladesh why does private adaptive capacity differ? Regional 

Environmental Change, 12(1), 169-190.

Scherer, L., Pfister, S. (2016) Dealing with uncertainty in water scarcity footprints.

Environmental Research Letters, 11(5) Article number 054008 

Schlosser, C.A., Strzepek, K.M., Gao, X., Gueneau, A., Fant, C., Paltsev, S., 

Rasheed, B., Jacoby, H.D. (2014). The future of global water stress An 

integrated assessment. MIT Joint Program Science Policy Global Change 

Schmitz, C. Lotze-Campen, H., Gerten, D., Dietrich, J.P, Bodirsky, B., Diewald, A., 

Popp, A. (2013), Blue water scarcity and the economic impacts of future 

agricultural trade and demand, Water Resources Research 49, 3601-3617 

Schultz, M. T. (2001). A critique of EPA’s index of watershed indicators. Journal of 

Environmental Management, 62(4), 429-442. doi

http//dx.doi.org/10.1006/jema.2001.0451

http://dx.doi.org/10.1006/jema.2001.0451


138

Seckler, D., Upali, A., Molden, D., de Silva, R. and Barker, R. (1998). World water 

demand and supply, 1990 to 2025 Scenarios and issues. Research Report No. 

19. International Water Management Institute, Colombo, Sri Lanka.

Shahid, S. (2009). Spatio-temporal variability of rainfall over Bangladesh during the 

time period 1969-2003.

Shahid, S., & Hazarika, M. K. (2010). Groundwater Drought in the Northwestern 

Districts of Bangladesh. Water Resources Management, 24(10), 1989-2006. 

doi10.1007/s11269-009-9534-y 

Shahid S (2012) Vulnerability of the power sector of Bangladesh to climate change 

and extreme weather events. Regional Environmental Change 12(3) 595-606 

Shahid S, Nath SK, Kamal AS (2014) GIS integration of remote sensing and 

topographic data using fuzzy logic for ground water assessment in Midnapur 

District, India. Geocarto International 1769-74. doi 10.1080/10106040208 

Shahid, S. (2010) Recent trends in the climate of Bangladesh. Climate Research 

42(3), 185-193, DOI10.3354/cr00889 

Shahid, S. (2011) Impacts of Climate Change on Irrigation Water Demand in 

Northwestern Bangladesh. Climatic Change 105(3-4), 433-453, DOI 

10.1007/s10584-010-9895-5 

Shahid, S. (2011) Impacts of Climate Change on Irrigation Water Demand in 

Northwestern Bangladesh. Climatic Change 105(3-4), 433-453.

Shahid, S., 2008. Spatial and Temporal Characteristics of Droughts in the Western 

Part of Bangladesh. Hydrological Processes. 22(13), 2235-2247. Doi 

10.1002/hyp.6820.

Shahid, S., 2011. Impacts of Climate Change on Irrigation Water Demand in 

Northwestern Bangladesh. Climatic Change. 105(3-4), 433-453. Doi 

10.1007/s10584-010-9895-5.

Shahid, S., Behrawan, H. (2008) Drought Risk Assessment in the Western Part of 

Bangladesh. Natural Hazards 46(3), 391-413, DOI 10.1007/s11069-007- 

9191-5

Shahid, S., Chen, X., Hazarika, M.K. (2006) Evaluation of irrigation water quality of 

Bangladesh using geographic information system. Journal of Hydrology 

andHydromechanics 54(1), 3-14



139

Shahid, S., Hazarika, M.K. (2010) Groundwater Droughts in the Northwestern 

Districts of Bangladesh. Water Resources Management 24(10), 1989-2006, 

DOI 10.1007/s11269-009-9534-y 

Shukla, G., Kumar, A., Pala, N. A., & Chakravarty, S. Farmers perception and 

awareness of climate change a case study from Kanchandzonga Biosphere 

Reserve, India. Environment, Development and Sustainability, 1-10.

Shwets, V. M., Danilov, V. V., & Jahan, C. S. (1995). Seasonal effect on regional 

groundwater flow Barind area, Bangladesh. Paper presented at the 

Groundwater Management.

Sidhu, H. S. (2014). Improving water productivity of wheat-based cropping systems 

in South Asia for sustained productivity. Advances in Agronomy, 127, 157. 

Strategy, B. C. C., & Plan, A. (2009). Ministry of Environment and Forests.

Government o f  the People’s Republic o f  Bangladesh, Dhaka, Bangladesh. 

Sullivan, C. (2002). Calculating a water poverty index. World development, 30(7), 

1195-1210.

Sun, J., & Yu, G. P. (2013). Risk Assessment Modeling for Water Distribution 

Systems in Mega Cities. In Applied Mechanics and Materials (Vol. 353, pp. 

2957-2960). Trans Tech Publications.

Swets, J. A. (1988). Measuring the accuracy of diagnostic systems. Science Science, 

240(4857), 1285-1293. Retrieved from

https//www.scopus.com/inward/record.uri?eid=2-s2.0- 

0023890867&partnerID=40&md5=cc0374ccbfbf45c379547564d4d6918c 

Swets, J. A., Dawes, R. M., & Monahan, J. (2000). Better decisions through science. 

Scientific American, 283(4), 82-87. Retrieved from

https//www.scopus.com/inward/record.uri?eid=2-s2.0- 

0034294901&partnerID=40&md5=646e 1 ee26b5391d6b961696382b1964e 

Syed FS, Iqbal W, Syed AAB, Rasul G (2013) Uncertainties in the regional climate 

models simulations of south-asian summer monsoon and climate change. 

Clim Dyn 1-19. doi10.1175/2011BAMS3061.1 

Taderera, D. (2010), “South African's awareness to climate change”, Briefing Paper 

No. 235, The Catholic Parliamentary Liason Office, Cape Town.

Tang, Jian-Qiao, and Ci-Guang Wang. "Entropy analysis on adaptability between 

supply structure and demand structure of passenger transportation." Journal 

o f  the China Railway Society 35, no. 5 (2013) 1-7.

https://www.scopus.com/inward/record.uri?eid=2-s2.0-0023890867&partnerID=40&md5=cc0374ccbfbf45c379547564d4d6918c
https://www.scopus.com/inward/record.uri?eid=2-s2.0-0023890867&partnerID=40&md5=cc0374ccbfbf45c379547564d4d6918c
https://www.scopus.com/inward/record.uri?eid=2-s2.0-0034294901&partnerID=40&md5=646e1ee26b5391d6b961696382b1964e
https://www.scopus.com/inward/record.uri?eid=2-s2.0-0034294901&partnerID=40&md5=646e1ee26b5391d6b961696382b1964e


140

United Nations (2013) World population prospects the 2012 revision highlights and 

advance tables. Department of Economic and Social Affairs, Population 

Division, United Nations, New York 

UN-Water. (2012). The United Nations World Water Development Report 4 

Managing Water under uncertainty and risk. World Water Assessment 

Programme (WWAP). Unesco, Paris, France.

Van Beek, L.P.H., Wada, Y., Bierkens, M.F.P.(2011) Global monthly water stress 1. 

Water balance and water availability. Water Resources Research, 47 (7), 

W07517. doi 10.1029/2010WR009791 

Veldkamp, T.I.E., Wada, Y., Aerts, J.C.J.H., Ward, P.J. (2016). Towards a global 

water scarcity risk assessment framework Incorporation of probability 

distributions and hydro-climatic variability. Environmental Research Letters, 

11(2) Article number 024006 

Vida, S., (2006). Accumetric Test Performance Analysis, Version 1.1. Accumetric 

Corporation, Montreal.

Vijith H (2007) Groundwater potential in the hard rock terrain of western ghats A 

case study from Kottayam district, Kerala using resourcesat (IRS-P6) data 

and GIS techniques Journal of the Indian Society of Remote Sensing 35163

171 doi10.1007/bf02990780 

Vorosmarty, C. J., Douglas, E.M., Green, P.A., Revenga, C. (2005). Geospatial 

indicators of emerging water stress An application to Africa. Ambio, 34 (3) 

230-236.

Von Grebmer, K., Bernstein, J., Nabarro, D., Prasai, N., Amin, S., Yohannes, Y., . . . 

Thompson, J. (2016). 2016 Global hunger index Getting to zero hunger Intl 

Food Policy Res Inst.

Wada, Y., Van Beek, L.P.H., Viviroli, D., Drr, H.H., Weingartner, R., Bierkens, 

M.F.P. (2011) Global monthly water stress 2. Water demand and severity of 

water stress. Water Resources Research, 47 (7), W07518. doi

10.1029/2010WR009792.

Wang, Q., Chen, M., Zhang, H., Wen, W., Zhang, X., & Wang, S. (2016). Solid-state 

electrochemiluminescence sensor based on RuSi nanoparticles combined with 

molecularly imprinted polymer for the determination of ochratoxin A. 

Sensors and Actuators B Chemical, 222, 264-269.

doihttp//dx.doi.org/10.1016/j.snb.2015.08.057

http://dx.doi.org/10.1016/j.snb.2015.08.057


141

Wang, W., Liu, S., Zhang, S., & Chen, J. (2011). Assessment of a model of pollution 

disaster in near-shore coastal waters based on catastrophe theory. Ecological 

Modelling, 222(2), 307-312.

Wang, X.-J., Zhang, J.-Y., Ali, M., Shahid, S., He, R.-M., Xia, X.-H., Jiang, Z. 

(2014) Impact of climate change on regional irrigation water demand in 

Baojixia irrigation district of China. Mitigation and Adaptation Strategies for 

Global Change, DOI 10.1007/s11027-014-9594-z 

Wang, X.J., Zhang, J.Y., Shahid, S., Xia, X.H., He, R.M., Shang, M.T. (2013) 

Catastrophe theory to assess water security and adaptation strategy in the 

context of environmental change. Mitig Adapt Strateg Glob Change DOI 

10.1007/s11027-012-9443 -x 

Watkins, K. (2006) Beyond scarcity Power, poverty and the global water crisis. New 

York, United Nations Development Program 

Winpenny, J. T. (1997). Managing Water Scarcity for Water Security. A discussion 

paper prepared for the First FAO E-mail Conference on Managing Water 

Scarcity, 4 March to 9 April 1997.

Wisner, B., Blaikie, P., Cannon, T., & Davis, I. (2004). At risk. Natural hazards, 

people’s vulnerability and disasters, 2.

World Bank, 2013. Turn down the heat climate extremes, regional impacts, and the 

case for resilience - full report. World Bank Washington DC.

World Bank. (2006). Where is the wealth of nations? Measuring capital for the 21st 

Century. World Bank, Washington DC, USA.

World Bank. (2007). Making the most of scarcity accountability for better water 

management results in the Middle East and North Africa. World Bank, 

Washington DC, USA 

Wu, J., Li, C., & Huo, Y. (2014). Safety assessment of dangerous goods transport

enterprise based on the relative entropy aggregation in group decision making 

model. Computational intelligence and neuroscience, 2014, 28.

Xiao, Y., Shao, X. J., & Zhou, J. Y. (2012). A cusp catastrophe model for alluvial 

channel stability. Advances in Water Science, 23(2), 179-185.

Xu, H., Xu, C.-Y., S^lthun, N. R., Xu, Y., Zhou, B., & Chen, H. (2015). Entropy 

theory based multi-criteria resampling of rain gauge networks for 

hydrological modelling-A case study of humid area in southern China. 

Journal of hydrology, 525, 138-151.



142

Yang, F., Shao, D., Xiao, C., & Tan, X. (2012). Assessment of urban water security 

based on catastrophe theory. Water Science and Technology, 66(3), 487-493.

Yli-Viikari, A., Hietala-Koivu, R., Hyvonen, E., Perala, P., Turtola, E. (2007). 

Evaluating agrienvironmental indicators (AEIs)—use and limitations of 

international indicators at national level. Ecol Indic 7150-163.

Yue, P. (2015). Assessment of Urban Environment Carrying Capacity Based on 

Catastrophe Theory.

Yufeng, S., & Fengxiang, J. (2009). Fuzzy object recognition based on fuzzy relative 

entropy. Paper presented at the Education Technology and Computer Science, 

2009. ETCS'09. First International Workshop on.

Zhang, C., Juan, Z., Luo, Q., & Xiao, G. (2016). Performance evaluation of public 

transit systems using a combined evaluation method. Transport Policy, 45, 

156-167.

Zhang, X., Fu, X., Han, W., Zhang, L. (2015) Catastrophe progression method and 

its application to selection of construction scheme. Chemical Engineering 

Transactions, Volume 46, December 2015, Pages 757-762.

Zhang, Y., Lindell, M. K., & Prater, C. S. (2009). Vulnerability of community 

businesses to environmental disasters. Disasters, 33(1), 38-57.

Zhou, Q., Yang, S., Zhao, C., Cai, M., Lou, H., Luo, Y., Hou, L. (2016). 

Development and implementation of a spatial unit non-overlapping water 

stress index for water scarcity evaluation with a moderate spatial resolution. 

Ecological Indicators 69 (1) 422-433.

Zou, Z.-h., Yun, Y., & Sun, J.-n. (2006). Entropy method for determination of weight 

of evaluating indicators in fuzzy synthetic evaluation for water quality 

assessment. Journal of Environmental Sciences, 18(5), 1020-1023.

doihttp//dx .doi.org/10.1016/S1001 -0742(06)60032-6

http://dx.doi.org/10.1016/S1001-0742(06)60032-6



