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Global and even national indicators hide the obvious fact that for all beings, scarce water means survival and no water at all means death within a few days (Kabat et al, 8).

Water as a resource is unique in the sense that the quality and availability of it is directly related to all life on earth.  Furthermore, as the above quote emphasizes, there is a very short threshold for survival without water.  There is, therefore, a direct, linear, causal relationship between water and life.  However, linearity is far from describing the hydrological system itself and hydrological responses to climate change and variability are often secondary and, therefore, difficult to predict.  In this paper, I will further into the definition of a system and systems approach to water resource management and discuss the role and difficulties of the integration of climate change and variability into water resource management schemes.  Throughout my analysis, I will point out the structural differences that arise between the relevant issues.

Most hydrological processes are non-linear; the hydrological cycle is a global system of circular cycling of freshwater resources throughout the globe.  The finite supply of freshwater, time restraints on hydrological processes, and growing global withdrawal rates are all resulting in increasing pressures on the world’s freshwater resources.  McKinney and Savinsky, in their analysis of optimization model structures approaches define a system as:    

A set of objects which transforms and input into an output, the exact output produced depending on certain system properties or parameters…This transformation depends upon the parameters of the system and the design policies imposed on it (McKinney and Savitsky, 5)

As the above quote emphasizes, it is not possible to define a system merely by it’s input and outputs, but its’ definition is dependent upon both the parameters of the system and the design policies that are used to manage the system.  Taking it a step further, although the hydrological cycle of inputs and outputs is a circular system, the policies and use-methods that define its’ parameters are often neither linear systems, nor are they congruent with the input-output hydrological system properties.  I would argue that it is this structural disaccord that results in the misuse and inefficient management of water resources. This is exacerbated by the translation of non-linear systems to mathematical systems to linear policy to differing cultural systems-somewhere in the mix, water resources are literally and figuratively “lost in translation”. 
According to Churchman, systems analysis is:

The art and science of disassembling complex phenomena into smaller, isolated, more readily understood, subsystems and analyzing the interactions between the subsystems and between the subsystems and the larger environment (Churchman, 1968).

McKinney and Savinsky take it a step further and outline the need for a specific approach to the analysis of water resource systems, which includes the coupling of physical and socioeconomic systems through mathematical models, the construction, linkage and application of both physical and economic models associated with resource allocation, and the use of these models for tools of prediction for decision-making.  However useful of a tool it may be for analysis, the dissemination of hydrological systems into subsystems, when rejoined does not necessarily result in the original system.  In other words, with each step needed for analysis, there are components of the system itself that are lost or are unable to be incorporated into the specific subsystems.  It is indeed necessary to compartmentalize and dissect information in order to better understand these systems, however, what are the best methods for relating smaller, localized processes to the larger environment?  And how does the methodology behind hydrological systems analysis affect the results and resultant properties of the system itself?  

The complexities behind the analysis of water resources are daunting in themselves, however, the methodology behind the systems analysis and management of water resources in the face of climate change and variability is even more complex.  As Kabat et al. point out in their analysis, in planning for water resources management there are increased difficulties because forecasting climate-hydrological effects are based on the causal-effect understandings of a secondary component--water.  This adds both more variables to the process as well as more uncertainty in the results.  Therefore, there is a lot of uncertainty in the actual response of water resources to climate change and variability, particularly on the local and regional levels: 

Water resources managers, in particular, face the challenge of incorporating the added uncertainty of the impacts of climate variability and climate change on hydrological responses into their decision-making process (Kabat et al. 3)

This uncertainty is particularly important when looking at water resource management in developing countries, which calls for an increasing dialogue between the climate community and water managers.  The levels of vulnerability to changes in and availability of water resources in these countries are incredibly high, however, water managers are faced with difficult decisions as to where to focus their energies and as to what systems they need to incorporate into decision-making.

For water managers in developing countries, the impacts of changes in climate often appear minor when compared to some of the problems they are facing already.  Population growth, urbanization, land use changes, and other drivers are just some of the causes of lack of access to water, over-abstraction, pollution of surface and groundwaters, as well as drying up of rivers and wetlands.  Addressing strategies to adapt specifically to climate change may appear as an additional burden to water managers there, but may help reduce vulnerability to other changes (Kabat et al. viii).

To further complicate the social implications and restraints on water management issues and its links to climate change and variability, there are distinctive political and social differences in the collection and availability of data. Climate information is generally collected for scientific purposes, hydrology and water resources collected for management.  As Kabat et al. points out, there is a resultant institutional fragmentation of data collection between countries, regions, and water use sectors.  Furthermore, they emphasize the difficulty in the dissemination of water resource information across sectors, etc.  As they point out, water-related data is often highly politicized or sensitive information in that it applies to what is often seen as an economic resource—water. This example of the social system complexities surrounding water resources and water resource management further emphasizes the multi-faceted, cross-sectoral need for hydrological systems analysis. 

What then can scientists, policy-makers, and social institutions do to integrate the understanding of climate and water resources?  The International Dialogue on Water advocates Integrated Water Resource Management approaches to water resource management, however they also acknowledge the resource availability (economic and natural) between developed and developing countries.   Certainly, a cross-sectoral, integrated approach to management is optimal, however, there are many difficulties—as heretofore discussed--in the analysis of one system, much less the analysis and integration of numerous, structurally and otherwise differing systems such as climate, water, policy, and culture.  The methodology behind systems analysis should focus on the accordance between the structure of systems (circular, linear, components, “larger picture”, etc) and the integration of these systems into decision-making processes.  Water resources in particular are relevant to this discussion in that they are linked to all processes involving life on earth and are both primary and secondary components of most systems.  
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