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Abstract

:

An analysis of the following aspects of water economics was undertaken: Water as an Economic and Social Good, Modes of Government Intervention, Water Scarcity in Economic Theory and Agricultural Water Management Changes, with the support of over 300 sources. Emphasis was placed on the connection with primary aspects of economics, in contrast to the usual applicative expositions found in water economics literature. This is a novel approach comparing international bodies’ definitions with economic theory at primary level which leads, upon occasion, to serious contradictions which were exhibited in broad lines. Furthermore, it compares the global implications of these definitions to the existing reality at country level, and a lack of bilateral consistency is exhibited. The uniform picture presented at global level is shown to become a non-uniform one at country level, where sharp variations in resources and availability form a competitive market between nations, and water-rich countries already possessing a competitive advantage are shown to attain a water-based comparative advantage as well. It is shown that although at country level water has a quasi-public good character with minimal private good market existence, this is achieved with the existence of a private goods market at international level via international trade in virtual water. A novel approach to management problems stemming from authority levels starting at global level and ending at farm level is analyzed and redressed by employing reality gap theory.
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1. Introduction


Water scarcity is manifested as physical scarcity or economic scarcity [1]. Physical scarcity occurs when water cannot satisfy all demands (including environmental flows) [2], which happens despite or because of the fact that the global system is interconnected hydro-climatically [3]. Economic scarcity is defined as the state where, regardless of physical scarcity, the socio-economic system is unable to utilize existing water in order to satisfy all demands [4]. This is because it may lack the storage, timely distribution and infrastructure development for access [5] or human, institutional and financial capital place a limit to water access [6,7]. Water was declared to be an economic good [8,9,10] and is considered to be a production factor in Computable General Equilibrium (CGE) modelling [11], where the Armstrong condition for non-substitutability can be sidestepped [12] in countries with import/export trading in virtual water [13] goods. The initial consumption phase of water was expansionary and was typically characterized by low total and marginal social costs, and elastic long-run supply of impounded water. At the same time, demand for delivered water was low but growing, and elastic at low prices—inelastic at high prices, with minimal competition and externalities [14,15], while agriculture was in a traditional development phase [15]. The present mature phase is characterized by high and rising total and marginal social costs, high and growing demand for delivered water, elastic at low prices and inelastic at high prices, intense competition and pressing externalities [14,15], while agriculture is in a commercial development phase [15]. Not paying attention to integrated technology levels leads to serious externalities; e.g., on a global scale, one of the primary examples is the loss of over 50% of irrigation water due to technical inadequacies, as seen in [16,17]. Another problem is the question of allocation to primary users—agriculture and industry—in terms of value and price policy, since in a model for water use in agriculture water is considered to be an input endowment [18], clearly favoring agriculture vis-à-vis industry.



It is obvious that when we refer to water economics the three main variables that exert influence on water economic behavior are existing water supply (ground and hydrological cycle), climate and consumption/population in the regime of physical distributions, interconnections and constraints as seen in [19]. Their relationship is not clear-cut as they exhibit two interesting characteristics: there are multiple interactions between many different components and multiple elements adapt or react to the pattern these elements create. These characteristics correspond to definitions of a complex system, to Rind’s definition in analyzing the structure of climate [20] and Arthur’s in discussing the economy itself [21], and water management is amenable to Forrester’s System Dynamics Model [22], which is an approach designed for complex systems.



The purpose of this paper is to examine in depth some topics of the structural complexity of the economic aspects of water at primary level: Water as an Economic Good, The Trust Doctrine, the Market Good vs. Public Good Controversy and Government Regulation, Water Scarcity in Economic Theory, and Agricultural Water Management Changes. These aspects are presented in both the global and country level aspect, wherever possible, connecting in this way primary economic theory with the process aspect. Et ceteris paribus (all other things being equal) between these concepts is assumed for reason of simplification.




2. Materials and Methods


Water as an Economic and Social Good, Modes of Government Intervention, Water Scarcity in Economic Theory and Agricultural Water Management Changes are examined at primary economic level. In particular, these notions, as applicable to Blue Water, are directly connected, where possible, with primary sources of economic theory so as to obtain a direct connection with the foundations of economics and avoid the watering down and method-oriented omission and bias stemming from connections with directly applicable economics. This leads to a water economics framework which is conducive to theoretical development with water and economics connected at first principle level in conjunction with the physical aspects amenable to economic interpretation as seen in [19]. The methodology connections are displayed in Figure 1 in terms of the linkage of contributing factors to the main elements of this paper (colored boxes).



The structure of the paper can be seen below in Figure 2.




3. Results and Analysis


3.1. The Economic Properties of Blue Water


3.1.1. Blue and Green Water Definitions


A variety of definitions for both blue and green water exist [23]. Falkemark’s original definition is that incoming rainfall is partitioned into vertical flow and horizontal flow leading to aquifers and rivers which constitutes “blue water”, while “green water” is the water in the root zone, the part of the upper vadose zone instrumental in partitioning rain and irrigation water into evaporation, transpiration, runoff and deep drainage [24], which is the source of plant nutrition [25]. A later, more precise definition [26], was given in terms of resource supply: blue water is the water in aquifers, lakes, and dams, and green water is the moisture in the soil; these are related to the liquid blue-water flow through rivers and aquifers and the green water vapor flow back to the atmosphere. Green water is divided into two parts [26,27,28], one part stored in the soil as moisture and another part in motion via the evapotranspiration process.




3.1.2. Water as an Economic Good at Global Level


Water had to be declared an economic good by fiat through the Organization on Economic Co-operation and Development (OECD) and through the Dublin Water Principles. OECD defined water as an ‘economic good’ due to the fact that (scarce) economic resources (human, capital, knowledge) had to be applied in order to make water available in the form, quality, location and timing needed by users [8] (pp. 18, 129). The Dublin Water Principles [9] (First and Fourth Principles) state that:


“Water is a finite, vulnerable and essential resource which should be managed in an integrated manner.”






“Water has an economic value and should be recognized as an economic good, taking into account affordability and equity criteria.”







The United Nations Conference on Environment and Development Agenda 21, Rio de Janeiro, Brazil, defined water as “as an integral part of the ecosystem, a natural resource and a social and economic good …” [10] (Chapter 18).



It should be pointed out that water manifestly satisfies the Robbins definition of an economic good, within “the science which studies human behavior as a relationship between ends and scarce means which have alternative uses” [29,30,31] by itself, and nominally there was no need of its declaration by fiat as above.



The definition of an economic good requires the existence of conditions of relative or absolute scarcity. Relative scarcity in terms of neoclassical environmental and resource economics, pioneered for water by Faber [32], is defined in terms of quantity over available water resources as when “a good is scarce in relation to other scarce goods” [33]. Absolute scarcity corresponds to purely ecological economics [34], at some regional levels where water carries opportunity costs. This is a cornerstone of the Debreu model [35]; i.e., benefits foregone from possible alternative uses of the water [36] or additional monetary cost for an extra unit of the good, given scarcity in some settings and abundance in others; the water global supply is constant while its availability and distribution is inequitable, as in [19]. As it is an economic good, water has the character of opportunity in terms of a “course of action that is possible and worth pursuing” [37] or a “chance to meet an unsatisfied need that is potentially profitable” [38], more or less in similarity to unprocessed fuel deposits, as in [39]. At global level [40], the hydrological cycle presents deintensification in the 21st century, with water balance on land and in the sea appearing to be lower; the main anthropogenic influence stems from the over-exploitation of groundwater, which has a visible effect on the rise in sea level.




3.1.3. Water as a Necessity, an Impure Public Good and a Social Good


The concept of need is seen to have three main characteristics: “first, the failure to satisfy someone’s need is harmful to that person; second, in light of the resultant harm, there is an imperative to satisfy the need, i.e., an element of linguistic normativity already inheres in the word; third, given the preceding two characteristics, need cannot be reduced to the concept of desire or want (in its purely subjective modern semantics)” [41]. Adam Smith supported the concept of necessity in “By necessaries I understand, not only the commodities which are indispensably necessary for the support of life, but whatever the custom of the country renders it indecent for creditable people, even of the lowest order, to be without” [42] (Book V, Ch. II, pt. II, art. IV). As Winpenny points out “There are degrees of scarcity” among which ‘need’ is included, the lower bound of the scarcity bandwidth, which has a dual interpretation, that of actual physical need, which represents the closing of the gap between “what is” and “what ought to be” from an objective point of view and that of “felt need” which is based on people’s subjective opinions and perceived trends and outlooks” [43]. More to the point is Beatty’s definition of need as “the measurable discrepancy existing between a present state of affairs and a desired state of affairs as asserted either by an ‘owner’ of need (‘motivational need’) or an ‘authority’ on need (‘prescriptive need’) [44]. Regarding consumers, Samuelson distinguishes between what people “really want and need” [45] (p. 4) and particular attention should be paid to Thaler’s economic theory of the consumer [46] and his position on perception of consumer utility maximization [47]. But then ‘need’ for humans, the water end users, requires per capita quantification of use to be defined, on a short-, medium- and long-term basis, where crops production is included, as seen below in Figure 3 [48] and in [49] as well as in the case of disasters [50]; Gleick et al. [51] recommend 50 L/capita/day but include studies where the bare minimum for survival is 1.8–5.0 L/capita/day.



As water is consumed by everyone both directly and indirectly, via agricultural goods and meat, it is a necessity as seen in [52], one with perhaps greatest scope and at a greater scale than any other good. Beyond the ‘need’ concept as seen above there is another impact: a form of an economic aspect of ‘need’ in terms of maintaining or augmenting a particular sectoral economy. This is seen on two levels:




	
At global level, water is needful in both agriculture and industry. Through its use measured by footprints in agriculture and industry, it represents additively a sizeable segment of the global tangible economy in terms of capital, both installations and monetary flow, as well as in terms of labor. Reduction of these sectors will have a global negative economic effect. Moreover, the competition between the agricultural and the industrial sectors constrained by the limits on quantity available will place a stress on the global economy. Considering that the 2030 U.N. hunger targets will not be attained [53], agricultural needs will be fueled and the increase in population and affluence projected by the Food and Agricultural Organization (FAO) [54] will fuel the needs of both agriculture and industry.



	
At country level, the situation above is exacerbated as water resources and availability are unequally distributed and so is increase in population and affluence. A good example is Sub-Saharan Africa [55], where water resources and availability are low, population increase is high and affluence is low.








Moreover, being a necessity good imbues it with different characteristics than a private economic good, drawn from those of public and social goods.



The fact that water as a good entails “impossibility of rejection” [56] implies that it has aspects of a public good [56], which is defined in [57,58] as non-rival (benefits are indivisible) and non-excludable (particular persons cannot be excluded from the benefits). This is reinforced by the fact that all water infrastructure works are financed by the state and their payment is carried over to the totality of consumers—which is more or less exactly the same as the directly or indirectly total taxable population—through taxation, either special or general, in the latter case reinforcing the definition in [57]. To be more precise, aquifer water is non-excludable and rival, and hence a common-pool good in the long term [59,60], which according to [61] is partially distinguishable from a public good in terms of social gaming, while shared irrigation water is excludable and non-rival and hence a club good [60]; both can be classified as impure public goods [62]. Modifying an optimality index concept due to Sandler [63], the larger the number of club-provided goods—relative to the total number of public goods, in this case common-pool + club goods—the smaller the risk of under-provision. In addition, according to the Kaul and Mendoza expanded public good theory [64], water has a special potential for being a public good (Def. 1) and, as it is a good with benefits that extend to all countries, people and generations, it has a special potential for being a global public good (Def. 3).



Social good “refers to services or products that promote human well-being on a large scale” [65] and clearly water is such a good. The case of water can be analyzed using assessments of present and future equity, i.e., who gets water and the fact that water has higher value than its monetary value [66]. As outlined in the case of cooperative technology [67], the main goal of resource allocation is the achievement of social efficiency [68], which is usually defined as in terms of Pareto optimality, and technical efficiency but depends also on an ‘index of human development’ [69]. Resource allocation systems yielding this result were initially designed by Hurwicz [70] and are based on incentive compatibility, individual rationality, information decentralization (to minimize information collection social costs), non-wastefulness (attaining the production frontier) and unbiasedness (achievement of the Pareto optimum of choice by income redistribution via lump sum supplements which must overcome income constraints so that social costs can be paid).




3.1.4. Water as an Economic Good at Country Level


Water availability, in terms of blue water and rain, income per capita, the structure of national production, exchange rates, international loans and external balances influence the nature of water as an economic good at country level. In addition, while the overall global hydrological cycle picture seen above [40] leads to a form of equilibrium, country level hydrological cycles [71] exist and differ sharply from country to country.




	
In countries with low or locally irreparably inequitable water regional availability, water public and social good characteristics are bound to become dominant as their role is augmented. A centralized state water policy is the only available remedy as the needed increase in water infrastructure is bound to be large, requiring state level resources and expertise, and its distribution is optimizable only on a country-level scale, which leads to increased state control in its provision. Good examples of this are the Southern African Development Community (SADC) countries [67], where the Human Development Index (HDI) rank among 177 countries ranges from 121 to 168, per capita freshwater withdrawals per year are all below the 1000 m3/year and the water distribution favors agriculture; domestic consumption comes second overshadowing industrial use in most of these countries. The prime cause is considered to be inequity in the sectoral allocation of water [68] while water infrastructure funding in South Africa comes from the government [69].



	
Water impacts heavily on national social welfare in terms of poverty alleviation, employment and food security [72], as seen in a study regarding MENA countries [73]. However, social policy should be seen as a state intervention that “works in tandem with economic policy in pursuit of national social and economic goals” [74] and which places constraints on the level and methods of mitigating measures regarding a country’s water policy both in general and at internal regional level as, e.g., basic needs, government debt and economic growth are intertwined [75]. The implications of this social policy include price stabilization of rural agriculture via government intervention, which in the case of poor countries is not considered distortionary (a report for Kenya examines spending 10% of the government budget [76]), and a policy aim of self-sufficiency, which is not considered in this case a “bad economics” measure, as seen in a 2009 FAO report [77].



	
Countries that are rich in available water have a Ricardo type comparative advantage in the international trade of goods with medium/large water footprint over countries which are not, and according to the Heckser–Ohlin Model (H–O) [78], this leads to a degree of specialization in these goods within their production distribution. The need for water at national level gave birth to a substantial global scale virtual water trade network with strong plasticity (the ability to change structurally and functionally in time). In the period 1986–2008 the number of inter-country connections increased by 70%. From the point of view of exporters, this remained constant after 1991, and doubled in volume [79], as can be seen in Figure 4 below.



	
This increases the exporting country’s water degree of factor mobility, which according to the general equilibrium theory [81] is a component of growth as it increases water productivity. Moreover, agri-foods do not fall into the category of goods obeying Vernon’s product cycle [82] in terms of low income countries, despite continuous innovative progress in agricultural technology [83].



	
At the same time the combination of per capita GDP growth, population growth and GDP growth for India, Sub-Saharan Africa (SSA) and Near East and North Africa (NENA), which are water stressed countries, is disadvantageous in comparison to Europe and North America which are main agri-food exporters as can be seen below in World Bank Data [84].



	
In fact, it can be seen that blue and green water and landmass rainfall do not form a closed system in terms of hemispheres. There is an import of rainfall to the northern hemisphere in a zone north of the equator due to the redistribution of energy via heat transport northwards beyond the equatorial ocean as the meridional overturning circulation also redistributes energy, by carrying heat northwards across the equator [85] as well as moisture which may attenuate due to global warming [86]. Also, Arctic ice melting leads to increased persistence of departures from normal precipitation during autumn and winter in heavily populated areas of the northern hemisphere [87]. This defines water-rich countries, with export epicenter on the U.S., versus water-constrained countries. Even in the case of a group of countries and their neighbors where relative and not absolute water abundance exists, the H–O model is shown to be correct, e.g., for MENA countries and exporter countries such as Greece and Turkey [88]. In this case, Greece and Turkey specialized their comparatively advantageous production only partially (opportunity costs and comparative advantage depend on production levels and Greece is tied to the expensive euro while Turkey uses the inexpensive lira), and the other countries demonstrated that relative water endowments are important. The reason for this sensitivity lies in the Lerner-Pearce diagram [88] of a two-good economy comparing a necessity and a normal good.



	
It should be pointed out that water-rich countries are also, by and large, countries with a competitive advantage in the sense of Porter [89], which reinforces their comparative advantage generated by water abundance and vice versa.



	
Taking a page from microeconomics, Peteraf’s concept [90] of the resource-based view (RBV) can be extended to country level and a resource is strategic if it possesses heterogeneity, imperfect mobility and ex ante and ex post limits to competition. Water can be classified as a strategic resource since countries with a comparative and competitive advantage use water heterogeneously, attaining “enduring and systematic performance differences among relatively close rivals” [91], as there exists a performance hierarchy between their economies and the strategic targets of water use.



	
Moreover, as water is part of the natural capital, it is included in a country’s national wealth calculation [92]. It should be noted that its physical aspect, whereby value has to be associated with flow, may classify it as an extra-ordinary economic good [93], though there exists the counter-argument that direct values of flow, according to the value-flow concept [94], may be embedded in the water source.









3.1.5. The Global and Country-Level Comparison


As can be seen above, there are two distinct and contradictory pictures of the economic properties of water depending on whether the point of view is global or at country level. In the first one, world population is the consumer in a format of one idealised indivisible assembly while, in the second one, population is segregated into competing sub-assemblies defined by sovereign states. In the second picture, which is more realistic than the first one, water at inter-country level, with countries being the consumers, is both rival and excludable and hence not an impure public good. Non-rivalry and non-excludability are applied at intra-country level as parts of national economic policies and within the economic means of the particular country, where the state is the local actor. This segregation creates a framework of ‘haves and have nots’. This sets the inter-country virtual water trade in the role of a transnational actor in turning water to an impure public good at national level in conjunction with the sovereign state actor. In effect, an ‘international water market’ exists where water in the form of virtual water is traded as a private good at country level and gravitates to the actual consumers (as from the first point of view) under terms and conditions determined by the state which participates in the international water market.



On the other hand, there are very few descriptions of country level water markets [95,96,97]. Five of them are analysed in [42]: Australia’s Murray-Darling Basin, the western United States, the Limari Valley in Chile, South Africa and North China. A recent analysis of water markets in the western United States [98] shows that in terms of overall water consumption, annually traded water amounts to 4% in Arizona, 2% in California and the same percentage in Texas. In addition, a study on Australia determined that water markets are likely to limit the effectiveness of water policies aimed at restoring natural flow regimes [99]. For water markets to be developed on a global scale, national legal frameworks must include legal conditions under which the government has a rule for water reallocation, the separation of water rights and landownership and cancellation policies for non-use [100]. At the same time, the insurance industry has started making inroads in potable water insurance [101]. A case of particular interest is that of the Chilean water code in the Chilean water market [102] determining water use rights (WUR), where water is “national property for public use” and its rights are tradable [103] as permanent, transferable water-use rights. These are granted to individuals under the restriction that the WUR issued may not alter or impinge upon an already existing WUR and comprise two types: ‘consumptive’, water that is not returned to the source after its use [104], and ‘non-consumptive’, water that is returned, e.g., in the case of a dam [105].



The failure of the ‘international water market’ framework to carry itself over at country level by influencing positively the creation of private water markets is due to the underlying fact that water is a necessity; thus, for welfare—and ultimately political—reasons there are limits on the capability and will of the state to back out from its measure of control.





3.2. Modes of Government Intervention


3.2.1. The Public Trust Doctrine


An important aspect of water is that of its key role in the support of life [106,107,108] and its nature as an “integral part of the ecosystem, a natural resource and a social and economic good, whose quantity and quality determine the nature of its utilization” [109] (p. 276). The state may, in some countries such as Kenya [110] (sub 5 p. 15), South Africa [111] and several states in the U.S. [112], hold water resources as a trust, a fiduciary duty of stewardship, under the public trust doctrine [113,114], where ‘public’ may in general include present and future generations [115] or heritage [116,117]. However, in the U.S. the public trust doctrine does not impede sale of rights to the private sector [118] under the condition that the resulting public benefit is larger than the loss of social wealth [119]; it is challenged for lack of effectiveness in the case of a queuing system application [120] and as a threat to water rights [121,122], irrespective of whether they are considered to be property rights or not [123]. The implementation of the common law public trust doctrine alone in the protection of water resources is not a mandatory procedure but relies heavily on judicial goodwill toward the environment [124].



There are problems with the trust doctrine which stem from the fact that it has the potential to defeat the will of elected representatives [125], results in inappropriate discounting of environmental values [126] and raises questions on whether it could supply a comprehensive approach to natural resource management and whether it has further use in an era of environmental protection laws [124]. However, it has been used to take steps to protect water resources, even if doing so would conflict with some other interests (like private water rights) as seen in McBryde Sugar Co. v. Robinson, 504 P.2d 1330, 1344 [127]. In addition, states can sue to protect trust resources under their parens patriate powers [128] and members of the public (who otherwise have standing) may sue the state for failing to comply with its trust obligations over a particular body of water as seen in Nat’l Audubon Soc’y v. Super. Ct. of Alpine Cty., 658 P.2d 709, 712 (Cal. 1983).




3.2.2. The Market Good vs. Public Good Controversy


This led to the controversy between water being a market good or a priced/non-priced public good. Pro and con argumentation is based on a variety of reasons, e.g.,




	
Rural poverty in [129], the probability of private and public failure, the last being connected to management failure [31].



	
The mixed results and emphasis on the economics of water rights trading with very little attention given to the Water Code’s impacts on social equity.



	
River basin management.



	
Environmental protection.



	
Resolution of water conflicts in the case of the Chilean water framework [102].



	
The value generated by irrigation in the production process [130].



	
The fact that the choice between public and private water delivery includes the cost of funds, i.e., the social cost of taxes, transaction costs, the difference of efficiency, which did not favor private delivery, and the potential political cost of privatizing [131].



	
The argument that the combination of the public trust doctrine and the dual nature of water as an economic commodity and as global human right leads to water being a public commodity [132].



	
The failure of the South African Government to take responsibility for the acid mine drainage (AMD)-caused water pollution [133] and the existence of rule-setting definitions of water stewardship by businesses [134].









3.2.3. The Government Regulation Solution


A middle-of-the-road solution with a great possibility of success is the position that water is a good requiring state supervision/regulation [135], which is less restrictive than public trust stewardship but more restrictive than an open private good market. Water is usually a heavily regulated commodity, presumably by the state, due mainly to the fact that the natural characteristics of water, chief among which the fact that it is a natural monopoly. This does not allow for the creation of competitive markets that could establish economic value [136,137], despite the OECD policy of “user pays” [138] most recently applied in Brazil [139,140]. This leads to the fact that when a water charge is imposed, which is equivalent to a tariff [141], it is usually not commensurate to either its otherwise perceived economic value or to its cost of supply, due to subsidies or government financing of infrastructure passed on to general taxation. Added to that, a dominant state regulation regime may employ Pigouvian taxes [39,142] at source which are transmitted to any user level in order to subsidize shortfalls, water conservation research and/or storage expansion due to population increase or the opportunity cost of the water used, i.e., the drop in the level of water reserves. This imposition is due to an effort to ameliorate the impact of Hartwick’s Rule [143,144], which prima facie does not include the costs of redressing the environmental impacts of resource extraction [145], or to impede Pigou–Dalton Transfers [146] to the general population.





3.3. Water Scarcity in Economic Theory


3.3.1. Theoretical Global Level Approaches


In fact, scarcity in general was first mentioned by Malthus. Scarcity “implies a strong and constantly operating check on population from the difficulty of subsistence” [147] (p. 20), the check control being imposed by agricultural production [148], and is considered to be one of the basic assumptions of economic theory [149] (p. 4), contra seen in [150], while Ricardo in [151] attributed the check control to declining land quality. Both types are subdivided into stock and flow scarcity [152]. Malthusian stock scarcity, applicable to resources of uniform quality with an ultimate limit as noted above and in Hotelling [153], refers to a total available resource stock constraint. Malthusian weak flow scarcity refers to the limit on the available resources and on the extraction rate [152], while Malthusian strong flow scarcity refers to the weak one plus a constraint on total resources [154]. Ricardian flow scarcity is the case where average costs depend upon the rate of extraction and Ricardian stock scarcity is flow scarcity plus the total extracted to date [152]. Under additional assumptions, the theories of Malthus and Hotelling can be reconciled by the employment of an exhaustible resources model in a dynamic input-output framework [155].



According to Walras, scarcity refers to goods “capable of satisfying a want which does not exist in such quantities that each of us can find at hand enough, completely to satisfy his desires” [156], a view adopted by Robbins [157]. Special attention should also be paid to Montani’s theory regarding the case of land scarcity [158], which is attributed to changes between profits and wages while produced quantities are held constant.



However, resource scarcity theory development is based more or less on Malthus and water scarcity at regional level is not a new phenomenon as a two millennia study shows [159]. It should be pointed out that technology is not an instrumental economic variable in the Malthusian theory, where it is assumed to be part of the et ceteris paribus assemblage. Counterarguments were initially raised by Boserup [160], where, as mentioned by Kaldor in the foreword to her book, technological change manifested as “agricultural intensification” will negate the Malthusian catastrophe. Attention should be paid to the existence of the Jevons’ paradox ‘rebound effect’, where yield-increasing innovation may lead to increased demand if it is accompanied by lower prices [161,162]; an example of this effect could be encouragement of deforestation, a characteristic problem of incentive-based land sparing policies (LSPs) [163], whose transmission can be stopped only with inter-regional market segmentation [164]. Also, these counterargument theories do not take into account the problems of agricultural land distribution or climate, which can be ameliorated only by the import of high virtual water-content products, although the fragile economies of poor water-stressed countries may place a limit on this process as trade balances may teeter dangerously. Hayami and Ruttan [165] consider technological change to be ‘induced innovation’. But ‘innovation’ is the emblem of the Green Revolution regarding land use land change with intent to be used in agriculture based on the Borlaug hypothesis of increased productivity, a global level theory, which has, under particular conditions, environmental impact [166,167] as well.



There are two types of scarcity, general and relative [168]. The first type is Malthusian and refers to actual use of a resource in relation to a want, a need, or a requirement and the second type, due to Robbins, refers to the alternative use of a resource in relation to competing wants [169]. Moreover, according to Ohlsson and Turton, there are two orders of water scarcity, physical scarcity being the first order, and society’s inability to manage this scarcity being the second one [170].




3.3.2. Country Level Approach


It should be pointed out that Falkenmark’s classification of the state of physical water expendable resources into water adequacy, stress and scarcity [171], on the basis of which countries are classified, depends on demographic parameters only [172].



In terms of export-import change balance for the 1995–2018 period low income countries had a net import position in fruits and vegetables of +259% and in meat (which has a very high water footprint) and fish of +262% [80]. As can be seen below in Figure 5a,b, there is a gross correlation in terms of physical water scarcity and poverty also seen in [173].



The export-import balance interferes with the classical definition of the expenditure approach to GDP,   Y = C + I + G +   X − M    . This implies that to keep GDP constant when the export-import balance is reduced, a counterbalancing increase must occur in the sum of   C + I + G + X  ; this is easier said than done as it requires time and there many impeding factors to growth for each of the variables considered. Further, regarding developing countries which have a high degree of import dependence, currency depreciation is not a solution [176]; the trade imbalance often leads to official borrowing to finance deficits in a pegged exchange rate economy [177] increasing the national debt.



The Borlaug hypothesis at micro level purportedly reduces to the ‘subsistence theory’; i.e., smallholders’ objectives are constrained to ‘limited wants’ and ‘full belly’, which may not be the case as actual preferences most probably extend beyond those [178] at the cost of increased deficits.



A viable solution is to increase innovation which targets productivity increases in the agricultural sector. However, innovation requires the existence of intermediaries, as seen in a study of the Dutch agricultural sector [179]. An ‘intermediary’ in innovation process application is defined to be “An organization or body that acts as an agent or broker in any aspect of the innovation process between two or more parties. Such intermediary activities include: helping to provide information about potential collaborators; brokering a transaction between two or more parties; acting as a mediator, or go-between; bodies or organizations that are already collaborating; and helping find advice, funding and support for the innovation outcomes of such collaborations” [180]. This may entail the risk that intermediaries will play a non-neutral ‘steering role’ [181,182].



According to Wolfe and Brooks, a third order of water scarcity exists which may be aided by the implementation of ‘soft water paths’, centered on the process of starting from some defined future point and working backwards to find a feasible and desirable way (“a soft path”) between that future and the present [183], which is in effect a sustainability approach. This is an approach which is applicable to developing countries [184] and useful in the case of droughts in a water-scarce environment [185].



Water scarcity is demand driven [186,187], under the assumption of optimal water resource physical as well as managerial infrastructure, since it depends on




	
Population and Gross Domestic Product (GDP) growth, which increases demand for irrigation water to meet food production requirements and household and industrial water demand [188];



	
Water use efficiencies which, when realized in the form of irrigation efficiencies (IE), rarely result in the public good benefits of increased water availability [189], as increases in yield are linearly related to increases in irrigation [190] and water recycling technology [191] or climate driven [192,193].








Also, it could be that, while resources nominally satisfy demand in total or in part, in reality the infrastructure is so sub-optimal that demand cannot be actually satisfied or users are worse off, creating in effect a condition of demand-driven water scarcity or an increase of this state [194,195,196,197]. It is quite important that the 2012 Global Water Security Assessment reported by the U.S. Intelligence Community includes a detailed analysis of nine selected water basins of U.S. allies using the criterion of river basin management capacity, “an assessment of the strength and resilience of institutional factors, such as treaties and river basin organizations that can provide stability, increase cooperation, and mitigate political grievances over water” which is part of the managerial infrastructure. This report graded Indus and Jordan as ‘adequate’, Mekong, Nile and Tigris-Euphrates as ‘limited’ and Amu Darya and Brahmaputra as ‘inadequate’ [198].



Investing in water is a path to economic growth and jobs, as a number of studies find correlations between water-related investments and economic growth [199]. Water becomes a ‘bottleneck’ (congestion) for growth if at least one of the following conditions set by Howe occurs: “(a) when water inputs into important production processes are fixed in relation to output; (b) when water supplies are fixed or only capable of slow and/or costly expansion; (c) when supplies are rigidly allocated among uses over time; (d) when water is a controlling factor in human health and productivity” [200]. Water is a congestible nonexcludable good according to Barbier [201], based on the approach seen in Barro [202], while congestion is examined in the CGE approach of Hertel & Liu [203]. Guarino appraised the case at a global level [17] where losses in crop yields due to climate changes affect Middle Eastern economies [204,205] and impact negatively on GDP in Saudi Arabia [206].



As water permeates important sectors of the economy such as agricultural production, mining and industry [207,208], its scarcity is bound to impede economic growth—as seen in Dasgupta [209], and in the case of Africa [210], in a World Bank Group in-depth analysis [211] and in economic development initiatives [212]. Likewise, rainfall variability and real GDP growth in Zimbabwe are completely correlated [213], including negative impact due to rainfall reduction. In China industrial development cannot be stable unless the ratio of water resources and the human capital growth rates are less than the ratio of human capital and water output flexibility [214]. In contrast, Damania finds no significant impediment [215].



A scenario not usually examined is the case where Ohlsson and Turton’s [170] first order of scarcity is so dominant that optimization of water management plays virtually no role, as augmenting the water infrastructure is way too expensive for a country’s economy and pricing policies will not yield substantial results. Hypothetically, this is a case where a country’s only critical area region which is amenable to agricultural utilization has reached Gleick’s limit of 50 L/day for “drinking water, sanitation services, bathing, and food preparation” only [216], plus agricultural water resources which can service a completely inadequate fraction of the critical area. If this trend seems to be permanent, the only economically viable solution is the massive development of other resources so as to counterbalance the food import problem.





3.4. Agricultural Water Management Changes


3.4.1. Water Management and Adaptation-Induced Management Changes


Definitions of management vary. The latest one is “Management, to repeat, means getting things done through other people—whether that be on the people plane (leading and linking) or on the information plane (controlling and communicating)” [217]. The most pertinent is “Management is the process of achieving organizational objectives, within a changing environment, by balancing efficiency, effectiveness and equity, obtaining the most from limited resources, and working with and through other people” [218]. Public management is defined by Moore [219] as “conceiving and implementing public policies that realize the potential of a given political and institutional setting” where ‘potential’ was termed by him in 1995 [220] to be ‘public value’.



According to the United States Department of Agriculture (USDA), “Water management is the control and movement of water resources to minimize damage to life and property and to maximize efficient beneficial use. Good water management of dams and levees reduces the risk of harm due to flooding. Irrigation water management systems make the most efficient use of limited water supplies for agriculture” [221]. Globalwaters.org defines agricultural water management (AWM) as “seek(ing) to use water in a way that provides crops and animals the amount of water they need, enhances productivity, and conserves natural resources for the benefit of downstream users and ecosystem services” [222]. A more tractable approach is found in [223] regarding water resources management which is defined as “the whole set of technical, institutional, managerial, legal and operational activities required to plan, develop, operate and manage water resources”. This is a case where the economist’s view is “connected with water use efficiency, cost recovery, the creation of water markets, tradable water rights, and privatization of water supply”, while the politician’s view is “solving conflicts over water, and attaining national objectives such as economic growth, poverty alleviation, employment generation, and food security” [224].



According to Armstrong [225], management change is “any changes in structure, management, employees, processes, and other related activities” and the change considered here is one in strategic management, which is defined as “the process of evaluation, planning, and implementation designed to maintain or improve competitive advantage. The process of evaluation is concerned with the external and internal environments” [226].



One of the main issues is that of irrigated agriculture adaptation to the foreseeable climate change impacts, e.g., in Southern Europe [227], a change that will happen at farmer level but presupposes managerial/institutional adaptation/change as called for in [228,229]. In [230], different water management options are considered through four alternative allocation methods across users regarding water mobility and user prioritization:




	
Limited mobility (LIMIT)—only a fraction of 5% of total water resources can be re-allocated across users based on scarcity price information.



	
Agriculture-last (AGLST)—only the use of irrigation water is constrained whilst non-crop users are free-riders.



	
Full allocation (FULL)—the existence of one single water market within a region in which all water resources are tradeable between any given self-abstracting sectors.



	
Fragmented markets (FRAGM)—water withdrawals for crops and non-crop sectors are completely separated, and the reduction in water availability for each is proportional to the overall required reduction in unconstrained withdrawals.








In [231], an integrative framework that can fill information gaps and contribute to a systematic analysis of performance is found to be useful. In [232], adaptation needs include: (a) improving resiliency and adaptive capacity; (b) response to changes in water availability; (c) response to floods and droughts; (d) response to increased irrigation requirements; (e) response to changes in agricultural land use; (f) response to deterioration of water and soil quality; (g) response to loss of biodiversity These will in all probability lead to structural changes in the administrative/management sequence. In the case of water scarcity [233], the pertinent sections of the administrative/management sequence must focus on specific objectives according to the causes of water scarcity, which, if they are long term, will justify management structural changes.



Changes in an organization require an agent of change who must have the necessary qualifications for successful change leadership and management [234]:




	
Hemophily—degree of similarity between the change agent and organization members.



	
Empathy—understanding the feelings of another person.



	
Linkage—the extent that the change agent and the members of the organization are connected by collaborative activities.



	
Proximity—the extent of both physical and psychological closeness between change agent and members of the organization.



	
Structuring—the ability of the change agent and organization members to clarify and organize the change plan.



	
Capacity—the organization’s ability to provide the resources necessary for the change.



	
Openness—the extent to which the change agent and the organization members hear, respond to, and are influenced by one another.



	
Reward—the positive outcomes that are beneficial to both the agent and the members due to the change.



	
Energy—the amount of physical and psychological effort the change agent and organization members are able and willing to spend on the change process.



	
Synergy—the extent to which the previous nine factors interact positively with one another.








In terms of irrigation water as a common pool resource, the structure of management, if left in a classic form, may, by succumbing to the free rider phenomenon and to reckless overexploitation as, e.g., in [235], lead to Hardin’s ‘tragedy of the commons’ unless there is a change management event and participatory processes [236] are applied, e.g., the action-arena outlined by Ostrom [237]. Another change management approach is the employment of system dynamics modelling (SDM) based on Forrester’s work [22,238] where in place of Ostrom’s action-arena a more formal ‘interaction space’ is employed [239]. SDM has been used with success in water management [240,241], as seen in sustainable water resources management and agricultural development in the Volta River Basin, Ghana [242], in the development of financially self-sustaining management policies for water and wastewater systems [243], in community-based water planning in the Middle Rio Grande [244], in the management of lake water quality at the watershed scale [245], in the sustainable utilization of water resources in China [246] and in supporting decision-makers in irrigation water management [247].



Introduction of new water conservation measures in irrigation as a change management event sometimes backfires as in the case of Kansas, where traditional center pivot irrigation systems were changed to higher efficiency dropped-nozzle center pivot systems but water consumption increased due to crop pattern changes [248].




3.4.2. Water Management from Global to Local Level: Problem Resolution


The usual approach to agricultural water policy-making is public management in one form or another, which is part of an economic/political/administrative/managerial chain going from the global level down the farmer level as seen below in Figure 6.



The chain in Figure 7 has enormous extent in terms of de-scaling and increase in the number of regions considered, while at the same time their individual size decreases as levels move downward. Moreover, the characteristics of each segment differ and therefore at every level there is need of customization of directives coming from above with respect to differing sizes and the number and nature of characteristics taken into account while they are ‘in loco administrare’. Hence descriptive variables vary/increase from level to level and data/information regarding scale and the idiosyncratic characteristics of each region plays the central role. In essence, successive levels handle aspects of central policy so that these may be effective at their level and at those below it; otherwise, as the level becomes more de-scaled and detailed on its way down, failures will increase. This requires a strategic change of choice from concentrating at their own level only, where strategic choice is a “transformational process in which organizations adapt to environmental changes by restructuring themselves in an intentional, rational manner” [250]. Unless this change management occurs, there exists a distinct possibility that, considering the number of linkages and the bilateral communication needed, a serious case of a hybrid of the reality gap—that between planning and reality—will be manifested, as seen in Heeks [251,252] and applied in [253,254] and elsewhere in terms of IS systems. This can be seen below in Figure 7.



Reality gap corrections in this case can be processed in either a top-down way [255] or a bottom-up one [256], each one having its advantages and disadvantages. The reality-gap correction cycle at every level may be realized using successive applications of the Lewin model [257] of unfreezing, changing and refreezing, where the changes will come from discussions between the state and private stakeholders and objective appraisals of data projections and subsequent enforcement by coercion via fiat (imposition of rules and regulations). In effect, what is described here is “iterations between theory and data to create a complex model of strategic change processes in a loosely coupled system” [258]. HR problems in the chain can be addressed in a similar way.






4. Discussion


There are two contrasting points of view regarding the categorization of water as an economic good, based on the interpretation of the fourth Dublin principle. At one extreme is the concept of allocative efficiency, i.e., “allocation to where the highest economic gain results from one more unit of water” which has a purely economic character. At the other extreme is the concept of allocative equity “spreading of income across sectors and societal groups” [259], whose resolution has been attempted by, e.g., distributive justice, as seen in [260,261].



The first interpretation is based on the regular demand-supply mechanisms only, including consumer’s sovereignty: water must be priced at its economic value while market forces will ensure its optimal or efficient [262] allocation, as seen in [263]. Consumers’ sovereignty is a term analyzed by Hutt in [264] (pp. 23–24), where the consumer is “sovereign when, in his role of citizen, he has not delegated to political institutions for authoritarian use the power which he can exercise socially through his power to demand (or to refrain from demanding)” [264] (p. 257). Hutt described it as “the controlling power exercised by free individuals, in choosing between ends, over the custodians of the community’s resources, when the resources by which these ends may be served are scarce” in [265], where, in the case of water, the actual custodian is usually the government. This approach was also shared by von Mises as “Neither the capitalists nor the entrepreneurs nor the farmers determine what has to be produced. The consumers do that” [266] (pp. 269–270) and is based on “mechanisms for getting people what they want, no matter how these wants were acquired” [267]. Arrow supported this position in “Condition 2: Positive association of social and individual values” [268] (pp. 25–26) and “Condition 4: The social welfare function is not to be imposed” [268] (pp. 29–30). This should be viewed in tandem with the following dictum: “In a market system, economic values of water, defined by its price, serve as a guide to allocate water among alternative uses, potentially directing water and its complementary resources into uses in which they yield the greatest total economic return” [269]. Consumer culture supports consumers’ sovereignty: the “primary economic image offered to the modern citizen is not that of the producer but of the consumer” [270] (p. 103). Coupled with general ignorance about the ecological consequences of consumption choices, this leads to overconsumption of water [271]. Overconsumption is deemed to be anything above sustainable consumption, which is “the amount of consumption that can be continued indefinitely without degrading capital stocks including natural stocks” [272] (p. 8). This is contrary to the classic Schumpeterian view that “It is, however, the producer who as a rule initiates economic change, and consumers are educated by him if necessary; they are, as it were, taught to want new things, or things which differ in some respect or other from those which they have been in the habit of using” [273] (p. 38) where ‘producer’ should be substituted by ‘custodian’.



There is an inherent problem in the case of water in this scenario, of market failure from the allocation point of view [31], defined as “the failure of a more or less idealized system of price-market institutions to sustain ‘desirable’ activities or to stop ‘undesirable’ activities”; here, activities include both consumption and production [274], as first recognized by Pigou in terms of welfare economics [142]. While market failure is ascribed to externalities and collective consumption [275], Randall [276] and Cornes et al. [277] (p. 4), based on the similarity of water to a public good, trace water market failure to non-exclusiveness and non-rivalry which leads to Hardin’s ‘tragedy of the commons’ [278]. An initial view of water market failure was offered by Eckstein [279], where the main causes are pointed out:




	
Increasing returns-to-scale on the production side in water projects lead to the creation of natural monopolies due to large economies of scale.



	
Externalities caused by the physical interdependence of production processes from both quantity and duality, e.g., the spatial case of upstream-downstream uses and the temporal one due to the existence of different seasonal stored water releases, the common-pool impact on ground water and pollution.



	
While classical models are based on income distribution being optimal, water development in many countries aims at correcting income maldistributions, giving more importance to its Keynesian aspect.



	
The assumption of marginality associated with benefit measurements is violated if the market is an oligopoly or, in the case of the government being the single owner/custodian, a monopoly.








However these have been found to be manageable, e.g., oligopoly/monopoly pricing can be managed by dynamic Ramsey pricing [280], and externalities can be internalized [281].



Moreover, Grafton [282] claims that the traditional focus on supply-based ‘solutions’ to water scarcity and investing only in water supply infrastructure is an insufficient response to the demand- and supply-side causes of water scarcity. He suggests that wider policy measures are needed such as demand-based water conservation measures leading to water pricing as well as the evaluation of water values across alternative uses to identify and resolve water misallocations [283].



A second viewpoint suggests that “decisions on the optimum use of water and the allocation to different potential uses should be taken on the basis of socio-economic trade-off analysis that is independent of the ability to pay” [284]; the view expressed is that the government acting as a custodian, in the case where infrastructure problems do not exist or their resolution is currently impossible, must intercede at the consumption source, agriculture or industry, in order to safeguard water sustainability by curtailing overconsumption. In effect it counteracts regular demand and supply rules in relation to water demand management (WDM), as seen initially by Frederick [285] and defined by Winpenny as “(a) policy that stresses making better use of existing supplies, rather than developing new ones” [286]. This can be carried out directly either via ‘command and control’ or via fiat by setting standards and regulations or, alternatively, via market-based incentive taxation policies by imposing Pigouvian taxes or via informative persuasive strategies. Pigouvian taxes are the imposition of “appropriate rates of tax on resources employed in uses that tend to be pushed too far and employing the proceeds to provide bounties, at “appropriate rates, on uses of the opposite class” [287] (p. 99); they connect in essence to the external effects to consumption, an aspect which was seen later by Meade [288], Tintner [289] and Reder [290]. Pigouvian taxes are contrary to Musgrave’s dictum that “taxes should be distributed so as to minimize the total sacrifice involved…achieved by equating the marginal sacrifices of all taxpayers” [291] (p. 90). The shortcomings of Pigouvian taxes are numerous, starting with Pigou’s own opinion “It must be confessed, however, that we seldom know enough to decide in what fields and to what extent the State, on account of [the gaps between private and public costs] could interfere with individual choice” [292]. In the case of pollution and pre-existing distortionary taxes, the optimal pollution tax typically lies below the Pigouvian tax, which fully internalizes the marginal social damage from pollution [293]. However, the success of a Pigouvian intervention lies on the presumption that the Diamond–Mirrlees efficiency conditions apply [294], and on the production efficiency presumably assured by the imposition of a Pigouvian corrective tax which is too restrictive [295], leading to complications whose correction is beyond the application of corrective taxation, as seen in [296]. Sandmo [297] points out that the framework is in partial equilibrium and the benefits accrued are not clear; the second best problems are not taken into account and distributional aspects of optimal taxes are ignored. Buchanan [298] also supports the point of view that if the externality-generating commodity is produced by a monopolist, which in the case of water and the custodian government is true, the Pigouvian tax may reduce efficiency. The 2005 Millennium Assessment favors the use of market instruments in reduction of the demand imposed on ecosystem services [299].



According to Musgrave [291] and Shoup [300] (double counting argument) whether water is free or priced the rate of economic growth and the GDP remain the same.



Support to the market solution can be lent through usufractory water rights trading [301], an easing of which is a solution suggested for water scarcity in the important Colorado River Basin in the western U.S. (which produces 50% of agricultural products in the U.S.) for the short-term [302], while for the long-term an interstate water market for the basin has been proposed [303]. In this case, the participation of the Federal Government will be funding and oversight of existing facilities and programs, Indian water rights settlements, plans for new and augmented water storage, conveyance and drought contingency plan implementation and future basin agreements [304], a stance that supports a market solution [305].



Regarding the second point of view, irrigation taxes were considered in Australia [306]. the imposition of Pigouvian taxes to control irrigation-induced soil degradation was considered in [307] by balancing production vs. degradation costs, by accepting that water for irrigation is usually a common pool resource where water pricing could recover costs and indicate scarcity in the long run, but idoes not seem feasible in the short run for irrigation water reallocation [308]. Mediterranean countries, such as France, Portugal, Italy and Spain have implemented different tax systems on agricultural water abstractions to recover the costs of the regulation, storage and management of basin-level water services with various levels of cost recovery in accordance with the provision by the Water Framework Directive. France, Portugal and Italy have implemented an abstraction tax applied to any water source (surface and groundwater) as an instrument to induce water-saving and internalize environmental and resource costs in the irrigation sector [309]. A practical example is the Neste System of the Compagnie d’Aménagement des Côteaux de Gascogne (CACG) in France, where the charges in €/m3 are for irrigation (raw water available in the river) 0.015€, for irrigation (pressurized raw water brought to the field) 0.15€ and for industrial raw water 0.024€ [310], where the dominant Pigouvian taxes are the price charged for irrigation raw water and the one for industrial raw water which is 60% over the one for irrigation. However, as it is a sensitive political issue in the EU, where large, collective irrigation networks are managed by public bodies, the price of water to farmers rarely reflects its full resource and environmental cost [311]. This view is also supported by McNeill [312].



Also, in the case of the U.S., where the eastern part has a riparian framework and the western part operates under the prior appropriation doctrine [313], the Federal Government has the ability to regulate water use directly through the Commerce Clause and the Property Clause of the Constitution or indirectly through the Taxation Clause of the Constitution [314], and a suggestion is that a Pigouvian tax should be imposed [315].




5. Conclusions


In terms of water’s aspect of being an economic and social good, some parts of economic theory are manifestly covered. Going deeper, however, there is an ongoing controversy over whether water should be considered a market good or a good requiring special consideration which necessitates the formal declaration of the primacy of government as a custodian or perhaps going all the way to water being declared a state-owned good. This last point of view is bound to be reinforced at national level in the case of heavy water stress and beyond that in the case of water scarcity. In reality, the dual nature of water, that of being an economic and a social good, leads formally to the establishment of a balance between these opposing views. Moreover, the property of water being a type of ‘special’ economic entity due to its critical physical and economic role, in addition to being an economic and social good, has not been introduced in terms of theory in any applicable way, probably because this is a matter that can be initially handled at national level, which could subsequently lead to a global position as a result of a consensus.



The public trust doctrine, being applicable as yet to very few countries, has the advantage of enforcing water sustainability but is deemed ineffective and a direct threat to water rights while its application is not mandatory but is based on judicial decisions. In practice, it reinforces the aforementioned controversy in the form of water being a market good versus a priced/non-priced public good. The balance mentioned above is examined in the proposition that water is a good that requires state supervision/regulation. This is less restrictive than public trust stewardship while the ‘water market’ alternative is shown to be in a nascent state in terms of volume traded although there are indications that it may grow in the future. Water is shown in this paper to be a heavily regulated commodity, where the water charge paid by the user is equivalent to a tariff, and the imposition of a Pigouvian tax is examined for shortfall and water conservation technologies subsidization, storage expansion or the opportunity cost of water used in place of a general tax.



Water, being a natural resource, is shown to be governed in terms of scarcity according to Malthusian theory, which can be reconciled to Hotelling’s theory and is supported by Robinson, under the Boserup–Kaldor condition that technological innovation should be taken into account. The Borlaug hypothesis is shown to be correct at a global scale but incorrect at smaller country scales. ‘Need’ is examined from the theoretical point of view as well as from the points of view of Adam Smith and Winpenny and is divided into prescriptive and motivational need as scarcity is shown to be demand driven, part of which is need, while scarcity’s role as a ‘bottleneck’ to growth is shown to be correct, since water is a congestible nonexcludable good.



Agricultural water management changes is examined in terms of definitions and climate causality, especially for irrigated agriculture. Different management strategic changes are considered in terms of allocation on the basis of water mobility in four scenarios, while adaptation needs are examined. The qualifications of the agent of change are analysed; the common pool resource management case is considered as well as Ostrom’s action-arena and the interaction space-based Forrester’s system dynamics modelling (SDM). A method of management correction is shown, moving down the scaling axis from global to local.



As a cumulative conclusion, the country level economic properties of water are shown to be different in some important aspects from the global ones. This corresponds to the physical fact that water at global level is a closed physical system but at country level it is an open one.
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Figure 1. Methodology connection chart. 
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Figure 2. Structure of the paper. 
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Figure 3. Short, medium and long term levels modified from [48]. 
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Figure 4. Agri-food exports 1995–2018 [80]. 
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Figure 5. (a) Water Risk Atlas [174]; (b) income distribution, 2007 [175]. 
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Figure 6. Global water management chain image constructed from [249]. 
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Figure 7. Reality Gap correction. 
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