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National & International Assessments, 

Third Assessment Report (TAR), 2001

Intergovernmental Panel of Climate Change

Reports from Working Group I, Working Group II, Working Group III, and the Synthesis Report are available at: http://www.grida.no/climate/ipcc_tar/ 
What is the IPCC and the TAR?

The Intergovernmental Panel on Climate Change (IPCC) was jointly established by the World Meteorological Organization, (WMO) and the United Nations Environment Program (UNEP) in 1988. The goals or purpose of the IPCC is to (i) to assess available scientific and socio-economic information on climate change and its impacts and on the options for mitigating climate change and adapting to it and (ii) to provide, on request, scientific/technical/socio-economic advice to the Conference of the Parties (COP) to the United Nations Framework Convention on Climate Change (UNFCCC). From 1990, the IPCC has produced a series of Assessment Reports, Special Reports, Technical Papers, methodologies and other products that have become standard works of reference, widely used by policymakers, scientists and other experts. The links provided below is from the Third Assessment Report (TAR), which was released in 2001. 

At its first session, the IPCC was organized into three Working Groups. The current remits of the Working Groups are for Working Group I to address the scientific aspects of the climate system and climate change, Working Group II to address the impacts of and adaptations to climate change, and Working Group III to address the options for the mitigation of climate change. In addition, a Synthesis Report is included in the links below and is a summary of reports from all three working groups. The IPCC provided its first major assessment report in 1990 and its second major assessment report in 1996. The Third Assessment Report, (TAR) was released in 2001 and the Fourth Assessment, Working Group I Report is scheduled to release in February 2007. 

TAR: Working Group I (WGI): The Scientific Basis

Working Group I:

Summary for Policy Makers web link: http://www.grida.no/climate/ipcc_tar/wg1/005.htm 
Technical Summary web link: http://www.grida.no/climate/ipcc_tar/wg1/010.htm 
Climate Change 2001: The Scientific Basis is a scientific assessment of past, present and future climate change. The report:

· Analyses an enormous body of observations of all parts of the climate system.

· Catalogues increasing concentrations of atmospheric greenhouse gases.

· Assesses our understanding of the processes and feedbacks which govern the climate system.

· Projects scenarios of future climate change using a wide range of models of future emissions of greenhouse gases and aerosols.

· Makes a detailed study of whether a human influence on climate can be identified.

· Suggests gaps in information and understanding that remain in our knowledge of climate change and how these might be addressed.

· Simply put, this latest assessment of the IPCC will again form the standard scientific reference for all those concerned with climate change and its consequences, including students and researchers in environmental science, meteorology, climatology, biology, ecology and atmospheric chemistry, and policymakers in governments and industry worldwide.

TAR: Working Group II (WGII): Impacts, Adaptation, & Vulnerability 

Summary for Policy Makers web link: http://www.grida.no/climate/ipcc_tar/wg2/005.htm 

Technical Summary web link: http://www.grida.no/climate/ipcc_tar/wg2/021.htm 

This volume, which forms part of the Third Assessment Report (TAR), has been produced by Working Group II (WGII) of the IPCC and focuses on the environmental, social, and economic consequences of climate change and potential adaptation responses. It consists of 19 chapters covering the sensitivity, adaptive capacity, and vulnerability of natural and human systems to climate change, and the potential impacts and adaptation options at regional and global scales.

TAR: Working Group III (WGIII): Mitigation

Summary for Policy Makers web link: http://www.grida.no/climate/ipcc_tar/wg3/003.htm 

Technical Summary web link: http://www.grida.no/climate/ipcc_tar/wg3/010.htm 
This volume, which forms part of the Third Assessment Report (TAR), has been produced by Working Group III (WGIII) of the IPCC and focuses on the mitigation of climate change. It consists of 10 chapters covering the technological and biological options to mitigate climate change, their costs and ancillary benefits, the barriers to their implementation, and policies, measures and instruments to overcome these barriers.

TAR: Synthesis Report

Synthesis Report web link: http://www.grida.no/climate/ipcc_tar/vol4/english/index.htm 

This Synthesis Report completes the four-volume Third Assessment Report (TAR) which also includes reports from Working Groups I. II. And III. It addresses specifically the issues of concern to the policymaker, issues such as the extent to which human activities have influenced and will in the future influence the global climate, the impacts of a changed climate on ecological and socio-economic systems, and existing and projected technical and policy capacity to address anthropogenic climate change. It explores briefly the linked nature of a number of multilateral environmental conventions. It draws on the work of hundreds of experts from all regions of the world that have in the past and at present participated in the IPCC process.

________________________________________________________________________

(NAS) National Academic Press: An Analysis of some key questions about climate science, National Academy Press, 2001
Web link: http://www.gcrio.org/OnLnDoc/pdf/ClimateChangeScience.pdf 
Summary

This study originated from a White House request to help inform the Administration’s ongoing review of U.S. climate change policy. In particular, the written request asked for the National Academies’ “assistance in identifying the areas in the science of climate change where there are the greatest certainties and uncertainties,” and “views on whether there are any substantive differences between the Intergovernmental Panel on Climate Change (IPCC) Reports and the IPCC summaries.” The White House asked for a response less than one month after submitting its formal request.

For the task of comparing IPCC Reports and Summaries, the committee focused its review on the work of IPCC Working Group I. The committee decided to address the questions in the context of a brief document that also could serve as a primer for policy makers on climate change science. The report does not make policy recommendations regarding what to do about the potential of global warming. Thus, it does not estimate the potential economic and environmental costs, benefits, and uncertainties regarding various policy responses and future human behaviors. 
_____________________________________________________________

Climate Change Impacts on the United States: The Potential Consequences of Climate Variability and Change, 2003
National Assessment Synthesis Team, US Climate Change Science Program: (www.climatescience.gov), US Global Change Research Program: (www.usgcrp.gov) 

Primary Link to Entire Assessment:

http://www.usgcrp.gov/usgcrp/Library/nationalassessment/foundation.htm.
Relevant Chapters:

Chapter 8: Potential Consequences of Climate Variability & Change for the Western United States: http://www.usgcrp.gov/usgcrp/Library/nationalassessment/08West.pdf 
Chapter 7: Potential Consequences of Climate Variability & Change for the Great Plains: http://www.usgcrp.gov/usgcrp/Library/nationalassessment/07GP.pdf 

Chapter 14: Potential Consequences of Climate Variability & Change for the Water Resources of the United States: http://www.usgcrp.gov/usgcrp/Library/nationalassessment/14Water.pdf 
Overview of Document and Process

What is this Assessment?

The National Assessment of the Potential Consequences of Climate Variability and Change is a landmark in the major ongoing effort to understand what climate change means for the US. Climate science is developing rapidly and scientists are increasingly able to project some changes at the regional scale, identifying regional vulnerabilities, and assessing potential regional impacts. Science increasingly indicates that the Earth's climate has changed in the past and continues to change, and that even greater climate change is very likely in the 21st century. This Assessment has begun a national process of research, analysis, and dialogue about the coming changes in climate, their impacts, and what Americans can do to adapt to an uncertain and continuously changing climate. This Assessment is built on a solid foundation of science conducted as part of the United States Global Change Research Program (USGCRP). 

What is this document and who is the NAST? 

This document is the Assessment Overview, written by the National Assessment Synthesis Team (NAST). The NAST is a committee of experts drawn from governments, universities, industry, and non-governmental organizations. It has been responsible for broad over-sight of the Assessment, with the Federal agencies of the USGCRP. This Overview is based on a longer, referenced "Foundation" report, written by the NAST in cooperation with independent regional and sector assessment teams. These two national-level, peer-reviewed documents synthesize results from studies conducted by regional and sector teams, and from the broader scientific literature.

Why was this Assessment undertaken?

The Assessment was called for by a 1990 law, and has been con-ducted under the USGCRP in response to a request from the President's Science Advisor. The NAST developed the Assessment's plan, which was then approved by the National Science and Technology Council, the cabinet-level body of agencies responsible for scientific research, including global change research, in the US government.

________________________________________________________________________

US Climate Change Science Program (CCSP) Synthesis & Assessment Products (SAPS) 

List of SAPS available at: http://www.climatescience.gov/Library/sap/sap-summary.php 

What is the CCSP and what are SAPS?

In response to the National Academy of Sciences Report, President Bush launched the Climate Change Research Initiative (CCRI) in June 2001 to further investigate the climate effects of green house gases, the global carbon cycle, and climate modeling and observations to support decision-making on a national scale. From there, the President called for improved government-wide management of climate science and launched two collaborative interagency programs: the Climate Change Science Program (CCSP) and Climate Change Technology Program (CCTP) in February 2002. 

In July 2002, a 10-year strategic plan for the CCSP was initiated, establishing five main strategic goals to guide the CCSP. For each of the goals, the CCSP was cited to prepare more than 20 synthesis science-based assessment and products to support policymakers. These Synthesis and Assessment Products (SAPS) and reports (web-link above) specifically address one of the five CCSP strategic goals. Those goals include:

· Improve knowledge of the Earth’s past and present climate and environment, including its natural variability, and improve understanding of the causes of observed variability and change.

· Improve quantification of the forces bringing about changes in the Earth’s climate and related systems.

· Reduce uncertainty in projections of how the Earth’s climate and related systems may change in the future.

· Understand the sensitivity and adaptability of different natural and managed ecosystems and human systems to climate and related global changes

· Explore the uses and identify the limits of evolving knowledge to manage risks and opportunities related to climate variability and change.

Various SAPs

Below is a collection of relevant SAPS as a part of  the CCSP strategic plan that are useful to water managers:
· 2.1: Scenarios of Greenhouse Gas Emissions and Atmospheric Concentrations and Review of Integrated Scenario Development and Application

Overview of 2.1: (Final Prospectus)

Available at http://climatescience.gov/Library/sap/sap2-1/sap2-1prospectus-final.pdf. 
This product has two components, in conformance with the requirements of the Strategic Plan for the U.S. Climate Change Science Program (CCSP): development of new scenarios of greenhouse gas emissions and atmospheric concentrations (Part A) and a review of integrated scenario development and application (Part B).   This product is one part of a larger suite of CCSP scenario analysis products that includes Product 3.2 (Climate projections for research and assessment based on emissions scenarios) and Product 4.5 (Scenario-based analysis of the climatological, environmental, resource, technological, and economic implications of different atmospheric concentrations of greenhouse gases).

This product will contribute to and enhance the ongoing and iterative international process of producing and refining climate-related scenarios and scenario tools.   This process has included, among others, efforts undertaken by Intergovernmental Panel on Climate Change (IPCC), the Climate Change Technology Program (CCTP), and non-governmental forums such as Stanford’s Energy Modeling Forum.   Part A will contribute new scenarios to this process based on the evolving state-of-the-art in integrated assessment modeling and building on lessons learned in previous scenario efforts.   Part B will guide the development and application of future scenarios.  

· 3.3 Weather and Climate Extremes in a Changing Climate (Region of Focus: North America, Hawaii, Caribbean, and U.S. Pacific Islands)

Overview of 3.3: (Final Prospectus)

Available at: http://climatescience.gov/Library/sap/sap3-3/sap3-3prospectus-final.pdf. 

Clearly, the direct impact of extreme weather and climate events on the U.S. economy is substantial. However, the evidence for increases in extreme weather and climate events varies, depending on the event of interest (e.g., changes in heavy and extreme precipitation, frost days, heavy snow events, etc.).

Extreme weather and climate events span many weather and climate variables, and an important aspect of this synthesis and assessment report will be to identify those key variables or indices that may provide important information related to socio-economic or environmental impacts. Identifying recent changes and trends in these parameters will be a focus of the report, as well as identifying what can be said about future changes. Examples of some of the key variables include temperature-related parameters (severe freezes, heat waves), precipitation-related parameters (wet spells, heavy precipitation events, droughts), tropical and extra-tropical storm frequency and intensity, ice and hail, snow cover and depth, etc. Since extreme weather and climate events on a global scale are regularly addressed in international assessments, this CCSP Synthesis and Assessment Report will focus on weather and climate extremes primarily across Canada, Mexico, and the United States, including its territories.

In accordance with CCSP guidelines, the synthesis and assessment products are intended to support informed discussion and decision-making regarding climate variability and change by policy makers, resource managers, stakeholders, the media, and the general public. This report also should have particular value to ongoing free-trade agreements (Canada, U.S., and Mexico) and bi-lateral and multi-lateral agreements related to the management of natural resources in North America.

· 4.3: The effects of global change on agriculture, biodiversity, land, and water resources

Overview of 4.3: (Draft Prospectus)

Available at: http://climatescience.gov/Library/sap/sap4-3/sap4-3prospectus-draft.pdf. 

The Climate Change Science Program (CCSP) Synthesis and Assessment Product 4.3 (SAP 4.3) addresses the effects of climate change on agriculture, land resources, water resources, and biodiversity. These areas are addressed under the ecosystems, land use, and water research elements of the CCSP.  One of the primary goals of these research elements is to enhance understanding and ability to estimate impacts of future climate change on these systems. 

A primary focus of SAP 4.3 is identifying observations and measures to establish baselines or benchmarks that could be used in the future to evaluate changes in conditions.  The report will also highlight where we could expect to see effects as a consequence of climate change.  The report highlights factors that have the greatest potential to be influenced by climate change.  Factors include:  temperature related factors (e.g. growing season, heat stress, etc.), moisture related factors (e.g. rainfall, snowpack, evapotranspiration rates, etc.), and other factors (e.g. human demand for goods and services, pest tolerance, CO2 fertilization).  Second, the report explores how changes in these factors could increase or decrease stress on the resources and systems being examined.  Third, the report will identify indicators that can be used to assess resource conditions and evaluate stress.  Finally, the report will provide an assessment of our ability to monitor changes in the stresses facing the systems, including addressing whether these systems are sensitive to changes attributable to climate change.   

· 4.4: Preliminary review of adaptation options for climate-sensitive ecosystems and resources

Overview of 4.4: (Final Prospectus)

Available at: http://climatescience.gov/Library/sap/sap4-4/sap4-4prospectus-final.pdf. 

The purpose of SAP 4.4 is to review management options for adapting to climate variability and change in the United States, and to identify characteristics of ecosystems and adaptation responses that promote successful implementation and meet resource managers’ needs.

SAP 4.4 focuses on management strategies for adapting to climate variability and change. The goal of these adaptation strategies is to reduce the risk of adverse outcomes through activities that increase the resilience of ecological systems to climate change (Turner et al. 2003; Tompkins and Adger 2004; Scheffer et al. 2001). Potential adverse outcomes of climate variability and change vary for different ecosystems. The “effectiveness” of an adaptation option will thus be case-dependant and can only be measured against a desired ecosystem condition or natural resource management goal. Because changes in the climate system are likely to persist into the future regardless of emissions mitigation, adaptation is an essential response for future protection of climate-sensitive ecosystems.

Adaptation options for enhancing ecosystem resilience include changes in processes, practices, or structures to reduce anticipated damages or enhance beneficial responses associated with climate variability and change. In some cases, opportunities for adaptation offer stakeholders multiple benefit outcomes, such as the addition of riparian buffer strips that (1) manage pollution loadings from agricultural land into rivers designated as “Wild and Scenic” today and (2) establish a protective barrier to increases in both pollution and sediment loadings associated with future climate change.

Adaptive capacity is defined as “the potential or ability of a system, region, or community to adapt to the effects or impacts of climate change,” (McCarthy et al. 2001). Depending on the management goals, there may be biological, physical, economic, social, cultural, institutional, or technological conditions that enhance or hinder adaptation. Adaptation in these areas will require an array of responses to ensure the achievement of management goals over a range of time scales.

· 5.1: Uses and limitations of observations, data, forecasts, and other projections in decision support for selected sectors and regions.

Overview of 5.1: (final prospectus)

Available at: http://climatescience.gov/Library/sap/sap5-1/sap5-1prospectus-final.pdf. 

5.1 synthesis and assessment report is designed to serve decision makers and stakeholder communities interested in using global change information resources in policy, planning, and other practical uses. The goal is to provide useful information on climate change research products that have the capacity to inform decision processes. The report will also be valuable to the climate change science community because it will indicate types of information generated through the processes of observation and research that are particularly valuable for decision support. In addition, the report will be useful for shaping the future development and evaluation of decision-support activities, particularly with regard to improving the interactions with users and potential users. The focus on interactions among the participating climate change science, decision support, and user communities is essential to the success of the project because of the importance of these interactions in developing relevant and reliable products. The report will develop options for strengthening these interactions.

Each phase of preparing Synthesis and Assessment Product 5.1 will result in the following specific products:

1. A printed report capturing a profile of experiments at the time of publication (i.e., a “snapshot” of decision-support demonstration projects and activities that incorporate observational capabilities) and addressing the questions listed in section 1.3.

2. An online catalog of decision-support demonstration projects with interactive links, which will be updated as additional experiments are conducted and new approaches to incorporating and benchmarking application of observations and other global change research products evolve.

________________________________________________________________________

General Water Cycle/Hydrology Articles

Water Needs and Strategies for a Sustainable Future

Western Governors’ Association, June 2006
http://www.westgov.org/wga/publicat/Water06.pdf 
This WGA report addresses current challenges facing water resources in the West by including background information, an analysis of the source of the water availability or quality issue, and recommendations to municipal water providers and local governments on how to best mitigate these water management issues. This report addresses growth scenarios and corresponding water policy, state-wide needs and to meet future demands, complexities of current water infrastructure, quantification of Native American water rights and implications for water supplies and current management strategies, impacts resulting from climate variability and change, and future planning to remain in compliance with the Endangered Species Act and other federal and state protective legislation. 

Global pattern of trends in streamflow and water availability in a changing climate

P.C.D. Milly, K.A. Dunne, and A.V. Vecchia

Nature, Vol.  43817, pp. 347-350, November 2005

Abstract

Water availability on the continents is important for human health, economic activity, ecosystem function and geophysical processes. Because the saturation vapour pressure of water in air is highly sensitive to temperature, perturbations in the global water cycle are expected to accompany climate warming. Regional patterns of warming-induced changes in surface hydroclimate are complex and less certain than those in temperature, however, with both regional increases and decreases expected in precipitation and runoff. Here we show that an ensemble of 12 climate models exhibits qualitative and statistically significant skill in simulating observed regional patterns of twentieth-century multidecadal changes in streamflow. These models project 10-40% increases in runoff in eastern equatorial Africa, the La Plata basin and high-latitude North America and Eurasia, and 10-30% decreases in runoff in southern Africa, southern Europe, the Middle East and mid-latitude western North America by the year 2050. Such changes in sustainable water availability would have considerable regional-scale consequences for economies as well as ecosystems. 

The Effects of Climate Change on Water Resources in the West: Introduction and Overview

Tim Barnett, Robert Malone, William Pennell, Detlet Stammer, Bert Semtner, and Warren Washington

Climatic Change 62: 1-11, 2004.

Abstract

The results of an experimental ‘end to end’ assessment of the effects of climate change on water resources in the western United States are described.  The assessment focuses on the potential effects of climate change over the first half of the 21st century on the Columbia, Sacramento/San Joaquin, and Colorado River basins.  The paper describes the methodology used for the assessment, and it summarizes the principal findings of the study.  The strengths and weaknesses of this study are discussed, and suggestions are made for improving future climate change assessments. 
Seasonal  Cycle Shifts in Hydroclimatology over the Western United States. (2004). Regonda, Satish K. and Balaji Rajagopalan, 

Journal of Climate, 18:372-384.

This article is similar to the Mote et. al. article above.  The researchers found that there is a strong trend of earlier peak streamflows in the Pacific Northwest due to higher temperatures during March and April. 

Abstract

Analyses of streamflow, snow mass temperature, and precipitation in snowmelt-dominated river basins in the western United States indicate an advance in the timing of peak spring season flows over the past 50 years. Warm temperature spells in spring have occurred much earlier in recent years, which explains in part the trend in the timing of the spring peak flow. In addition, a decrease in snow water equivalent and a general increase in winter precipitation are evident for many stations in the western United States. It appears that in recent decades more of the precipitation is coming as rain rather than snow. The trends are strongest at lower elevations and in the Pacific Northwest region, where winter temperatures are closer to the melting point; it appears that in this region in particular, modest shifts in temperature are capable of forcing large shifts in basin hydrologic response. It is speculated that these trends could be potentially a manifestation of the general global warming trend in recent decades and also due to enhanced ENSO activity. The observed trends in hydroclimatology over the western United States can have significant impacts on water resources planning and management.

The Changing Character of Precipitation

Trenberth, K., Dai, A., Rasmussen, M., Parsons, D.

Bulletin of American Meteorological Society (BAMS), 27 March 2003

Available at: http://www.ees.nmt.edu/vivoni/hydromet/readings/changingPrecip.pdf 

Summary

“As climate changes, the main changes in precipitation will likely be in the intensity, frequency, and duration of events, but these characteristics are seldom analyzed in observations or models.” This article discusses the various components influencing the form and behavior of precipitation, but the main focus of this article addresses how precipitation could change as a result of climate variability and change. The article concludes by focusing on various questions and gaps in current precipitation trends and projections. 

Constraints on future changes in climate and the hydrologic cycle

Allen, M., Ingram, W.

Nature Publishing Group, 2002

Available at: http://www.nature.com/nature/journal/v419/n6903/pdf/nature01092.pdf 

Introduction

Climate prediction is about quantifying risks and probabilities. Changes in rainfall distributions could have far more impact than the more-often-cited risk of global warming, but systematically quantifying the likelihood of such changes is only beginning. 

Here we will explore the range of possible externally driven changes in the hydrologic cycle that may have taken place over the twentieth century or be in prospect for the twenty-first, emphasizing the question of what can be said about future climate1, 2. We will not attempt a comprehensive review of the literature, which is amply provided by the recent Third Assessment Report (TAR) of the Intergovernmental Panel on Climate Change (IPCC)3, 4. Instead, we review the present status regarding quantitative estimation of the distribution of likely precipitation changes, and their impact on other aspects of the atmosphere−ocean system, focussing on the evidence provided by the twentieth century and its implications for the next few decades. Evidence from past climates may provide additional constraints, particularly on the more distant future. The interpretation of such data and the challenge of disentangling causes and effects are discussed by Kump on pages 188−190 of this issue.

Pacific Northwest Regional Assessment: The Impacts of Climate Variability and Climate Change on the Water Resources of the Columbia River Basin

Edward L. Miles, Amy K. Snover, Alan F. Hamlet, Bridget Callahan, and David Fluharty

Journal of the American Water Resources Association, Vol. 35, No. 2, pp. 399-420, April 2000.

Abstract

The Pacific Northwest (PNW) regional assessment is an integrated examination of the consequences of natural climate variability and projected future climate change for the natural and human systems of the region. The assessment currently focuses on four sectors: hydrology/water resources, forests and forestry, aquatic ecosystems, and coastal activities. The assessment begins by identifying and elucidating the natural patterns of climate variability in the PNW on interannual to decadal timescales. The pathways through which these climate variations are manifested and the resultant impacts on the natural and human systems of the region are investigated. Knowledge of these pathways allows an analysis of the potential impacts of future climate change, as defined by IPCC climate change scenarios. In this paper, we examine the sensitivity, adaptability and vulnerability of hydrology and water resources to climate variability and change. We focus on the Columbia River Basin, which covers approximately 75 percent of the PNW and is the basis for the dominant water resources system of the PNW. The water resources system of the Columbia River is sensitive to climate variability, especially with respect to drought. Management inertia and the lack of a centralized authority coordinating all uses of the resource impede adaptability to drought and optimization of water distribution. Climate change projections suggest exacerbated conditions of conflict between users as a result of low summertime streamflow conditions. An understanding of the patterns and consequences of regional climate variability is crucial to developing an adequate response to future changes in climate.

The Changing Water Paradigm: A Look at Twenty-first Century Water Resources Development

Peter H.Gleick

Water International, Volume 25, Number 1, Pages 127-138, March 2000.

Abstract

Water resources management approaches around the world are changing dramatically. This “changing water paradigm” has many components, including a shift away from sole, or event primary, reliance on finding new resources of supply to address perceived new demands, a growing emphasis on incorporating ecological values into water policy, a re-emphasis on meeting basic human needs for water services, and a conscious breaking of the ties between economic growth and water use.  A reliance on physical solutions continues to dominate traditional planning approaches, but these solutions are facing increasing opposition. At the same time, new methods are being developed to meet the demands of growing populations without requiring major new construction or new large-scale water transfers from one region to another.  More and more water suppliers and planning agencies are beginning to explore efficiency improvements, implement options for managing demand, and reallocating water among users to reduce projected gaps and meet future needs.  The connections between water and food are receiving increasing attention as the concerns of food experts begin to encompass the realities of water availability. These shifts have not come easily; they have met strong internal opposition.  They are still not universally accepted, and they may not be permanent. Nevertheless, these changes represent a real shift in the way humans think about water use. This paper summarizes the components of this ongoing shift and looks at the new paths being explored. It evaluates the major reasons for the change in approach and discusses the applicability of these new concepts in different part of the world.  

Global Water Resources: Vulnerability from Climate Change and Population Growth

Vrosmarty, C., Green, P., Salisbury, J., Lammers, R.

Science, Volume 289, 14 July 2000

Introduction

The future adequacy of freshwater resources is difficult to assess, owing to a complex and rapidly changing geography of water supply and use.  Numerical experiments combining climate model outputs, water budgets, and socioeconomic information along digitized river networks demonstrate that (i.) a large proportion of the world’s population is currently experiencing water stress and (ii) rising water demands greatly outweigh greenhouse warming in defining the state of global water systems in 2025. Consideration of direct human impacts on global water supply remains a poorly articulated but potentially important facet of the larger global change question.
Covariability of Spring Snowpack and Summer Rainfall across the Southwest United States

David S. Gutzler

Journal of Climate, Volume 12, pp. 4018-4027, 2000.

Abstract

Interannual fluctuations of observed summer rainfall across the monsoon region of the southwestern United States are analyzed to ascertain their spatial coherence and to test the hypothesis that antecedent spring snowpack anomalies may modulate the monsoon and exhibit an inverse correlation with summer rainfall anomalies. To characterize the spatial coherence of seasonal rainfall anomalies, an objective linear analysis of interannual variability is applied to climate divisional data across the Southwest. Three coherent subregions are identified, broadly representing rainfall anomalies across Arizona, eastern New Mexico/western Texas (the Southwest Plains), and most of New Mexico. Interannual fluctuations of summer rainfall in the New Mexico region exhibit a very significant negative correlation with a large-scale index of the antecedent 1 April snowpack over the southern U.S. Rocky Mountains during the 1961-90 climatic averaging period. This strong relationship seems to break down in the years before and after this period, possibly indicating a shift in climate associated with other forcing factors.
Streamflow Trends in the United States

Lins, H., Slack, J.

Geophysical Research Letters, Vol. 26, No. 2, Pages 227-230, January 15, 1999

Available at: http://water.usgs.gov/osw/lins/streamflowtrends.html 
Abstract

Secular trends in streamflow are evaluated for 395 climate-sensitive stream-gaging stations in the conterminous United States using the non-parametric Mann-Kendall test. Trends are calculated for selected quantiles of discharge, from the 0th to the 100th percentile, to evaluate differences between low-, medium-, and high-flow regimes during the twentieth century. Two general patterns emerge; trends are most prevalent in the annual minimum (Q0) to median (Q50) flow categories and least prevalent in the annual maximum (Q100) category; and, at all but the highest quantiles, streamflow has increased across broad sections of the United States. Decreases appear only in parts of the Pacific Northwest and the Southeast. Systematic patterns are less apparent in the Q100 flow. Hydrologically, these results indicate that the conterminous U.S. is getting wetter, but less extreme.

Changes in the Probability of Heavy Precipitation: Important Indicators of Climatic Change

Pavel Ya. Groissman, Thomas R. Karl, David R. Easterling, Richard W. Knight, Paul F. Jmason, Kevin J. Hennessy, Ramasamy Supplah, Cher M. Paige, Joanna Wibig, Krzysztof Fortunlak, Vyacheslavn Razuvaew, Arthur Douglas, Eirik Forland, and Pan-Mao Zuai

Climatic Change, 42: 243-283, 1999.
Abstract

A simple statistical model of daily precipitation based on the gamma distribution is applied to summer (JJA in Northern Hemisphere, DJF in Southern Hemisphere) data from eight countries: Canada, the United States, Mexico, the former Soviet Union, China, Australia, Norway, and Poland. These constitute more than 40% of the global land mass, and more than 80% of the extra-tropical land area. It is shown that the shape parameter of this distribution remains relatively stable, while the scale parameter is most variable spatially and temporally. This implies that the changes in mean monthly precipitation totals tend to have the most influence on the heavy precipitation rates in these countries. Observations show that in each country under consideration (except China), mean summer precipitation has increased by at least 5% in the past century. In the USA, Norway, and Australia the frequency of summer precipitation events has also increased, but there is little evidence of such increases in any of the countries considered during the past fifty years. A scenario is considered, whereby mean summer precipitation increases by 5% with no change in the number of days with precipitation or the shape parameter. When applied in the statistical model, the probability of daily precipitation exceeding 25.4 mm (1 inch) in northern countries (Canada, Norway, Russia, and Poland) or 50.8 mm (2 inches) in mid-latitude countries (the USA, Mexico, China, and Australia) increases by about 20% (nearly four times the increase in mean). The contribution of heavy rains (above these thresholds) to the total 5% increase of precipitation is disproportionally high (up to 50%), while heavy rain usually constitutes a significantly smaller fraction of the precipitation events and totals in extra-tropical regions (but up to 40% in the tropics, e.g., in southern Mexico). Scenarios with moderate changes in the number of days with precipitation coupled with changes in the scale parameter were also investigated and found to produce smaller increases in heavy rainfall but still support the above conclusions. These scenarios give changes in heavy rainfall, which are comparable to those observed, and are consistent with the greenhouse-gas-induced increases in heavy precipitation simulated by some climate models for the next century. In regions with adequate data coverage such as the eastern two-thirds of contiguous United States, Norway, eastern Australia, and the European part of the former USSR, the statistical model helps to explain the disproportionate high changes in heavy precipitation, which have been observed.
Large-Scale Atmospheric Forcing of Recent Trends toward Early Snowmelt Runoff in California

Michael D. Dettinger, Daniel R. Cayan

Journal of Climate, Volume 8: 606-623, 1994. 

Abstract

Since the late 1940’s, snowmelt and runoff have come increasingly early in the water year in many basins in northern and central California.  This subtle rend is most pronounced in moderate-altitude basin, which are sensitive to changes in mean winter temperatures.  Such basins have broad areas in which winter temperatures are near enough to freezing that small increases result initially in the formation of less snow and eventually in early snowmelt.  In moderate-altitude basins of California, a declining fraction of the annual runoff has come in April-June. This decline has been compensated by increased fractions of runoff at other, mostly earlier, times in the water year. 

Weather stations in central California, including the central Sierra Nevada, have shown trends toward warmer winters since the 1940’s. A series of regression analyses indicate that runoff timing responds equally to the observed decadal-scale trends in winter temperature and interannual temperature variations of the same magnitude, suggesting that the temperature trend is sufficient to explain the runoff-timing trends.  The immediate cause of the trend toward warmer winters in California is a concurrent, long-term fluctuation in winter atmospheric circulations over the North Pacific Ocean and North America that is not immediately distinguishable from natural atmospheric variability.  The fluctuation began to affect California in the 1940’s, when the region of strongest low-frequency variation of winter circulation shifted to a part of the central North Pacific Ocean that is teleconnected to California temperatures.  Since the late 1940’s winter wind fields have been displaced progressively southward over the central North Pacific and northward over the west coast of North America.  These shifts in atmospheric circulations are associated with concurrent shifts in both West Coast air temperatures and North Pacific sea surface temperatures. 

Variability and Trends of Total Precipitation and Snowfall over the United States and Canada

Pavel Ya. Groisman, David R. Easterling

Journal of Climate, Volume 7: 184-205, 1993. 

Abstract

Century-long time series of unbiased annual precipitation over the regions to the south of 55°N and 40-year time series of unbiased area-averaged annual precipitation and snowfall for all of North America are developed. The analysis of their trends shows the following. 1) During the last 100 years, annual precipitation has increased in southern Canada (south of 55°N) by 13% and in the contiguous US by 4%; however, the main domain of this century-scale precipitation increase is eastern Canada and adjacent to it northern regions of the US. 2) Up to a 20% increase has occurred in annual snowfall and rainfall during the last four decades in Canada north of 55°N.

The hydrological cycle and its influence on climate

Chahine, M.

Nature, Volume 359, 1 October 1992
Summary

This article discusses the global hydrologic cycle in a more broad or general perspective with special attention given to “theoretical and observational understanding of the roles of the hydrological climate system”, and its connection to the larger energy cycle. In addition, the article discusses the multiple interactions between the hydrological cycle and the global climate by analysis of multiple physical and atmospheric parameters. This article addresses why the hydrological cycle has quickly become the forefront of climate change studies. 
Effects of a Carbon Dioxide-Induced Climatic Change on Water Supplies in the Western United States

Roger R. Revelle and Paul E. Waggoner

Changing Climate, pp. 419-432, 1983. 
Chapter from "Changing Climate" by the Carbon Dioxide Assessment Committee, Board on Atmospheric Sciences and Climate.   This is a dated, but interesting assessment of how climate change could affect the Colorado River Basin.  It uses the relationships between temperature, precipitation and runoff to show that warmer air and a slight decrease in precipitation would reduce both the quantity and quality of water resources in the western US.

Introduction
In this chapter we show that warmer air temperatures and a slight decrease in precipitation would probably severely reduce both the quantity and the quality of water resources in the western United States.  Similar effects can be expected in many water-short regions elsewhere in the world. We have not attempted to estimate these, primarily because we do not know enough to be able to do so.  But we hope that hydrologists of other countries will be stimulated by our calculations to investigate the probably consequences of a CO2-induced climate change on water resources in their own countries.  In all countries, planning and construction of large-scale water-resource systems takes many decades.  The time involved is of the same order of magnitude as the time over which a significant change in climate from increase of carbon dioxide and other greenhouse gases can be expected.  Thus, we believe that planners and managers of water systems throughout the world should be able to make good use of forecasts of the hydrologic consequences of a warmer climate and of possible changes in precipitation. 

Climate change and water resources

Gleick, P., Biberstine, J., Buckingham, A., Dearness, T., Highsmith, A., McTopy, J., Morandi, L., Perron, J., Stanford, M., Stevens, L.
Journal of American Water Works Association 89 (11), pp. 107-110

Abstract

Global climatic change - the greenhouse effect - is here to stay. Although uncertainties remain about the nature and extent of climatic changes that will occur, most among the scientific community believe changes in the hydrologic cycle and to water resource management systems will be significant. Water managers, policy-makers, and the public should begin to consider the implications of climatic change for long-term water planning and management. AWWA's Public Advisory Forum has discussed this problem for the past two years. The recommendations it offers in this article are not for specific changes in operations, for complicated or costly new infrastructure or development, or for irreversible actions. Instead, they are recommendations for thoughtful analysis of water systems' vulnerabilities to unprecedented climate change and for attention, planning, and continued vigilance in response to this situation. As the proverb says, to see the future is good, but to prepare for it is better.

________________________________________________________________________
Climate Change and Snowpack Articles

Declining Mountain Snowpack in Western North America

Mote, P., Hamlet, A., Clark, Martyn., and Lettenmaier, D

American Meteorological Society, BAMS, January, 2005

Summary

This article is an updated version of the original article published in 2004 and primarily focuses on trends in snowpack and snowmelt behavior (i.e. SWE) for the West from the Continental Divide to the Pacific, and from central British Columbia, Canada, south to southern Arizona and New Mexico. In comparison to the 2004 version, this article augments the long-term monthly manual observations of snow with more recent (approx. 20 years) dataset of snow observations as wells as analyzes snow data using a hydrological model with observed daily temperature and precipitation as the source data. This article reports widespread declines in springtime SWE for much of the North American West from 1925-2000, with greatest losses in SWE in the Oregon Cascades due to the combination of sensitivity to high temperatures and declines in precipitation from 1950-1997. Natural variability in climate due to ENSO trends cannot explain increases in temperatures in entirely, which is an indication that such warming is impart reflective of anthropomorphic-induced climate change. 

Effects of Temperature and Precipitation Variability on Snowpack Trends in the Western US

Hamlet, A., Mote, P., Clark, M., and Lettenmaier, D.

Journal of Climate, 2005

Abstract 

Recent studies have shown substantial declines in snow water equivalent (SWE) 

over much of the western US in recent decades, as well as trends towards earlier spring 

snowmelt and peak spring streamflows.  These trends are influenced both by inter-annual 

and decadal scale climate variability, and also by temperature trends at longer time scales 

that are generally consistent with observations of global warming over the 20th century.  

In this study we examine April 1 SWE over the western US as simulated by the Variable 

Infiltration Capacity (VIC) hydrologic model implemented at 1/8 degree latitude- 

longitude spatial resolution, and driven by a carefully quality controlled gridded daily 

precipitation and temperature data set for the period 1915-1997.  The long simulations of 

snowpack are used as surrogates for observations, and are the basis for an analysis of 

regional trends in snowpack over the western U.S. and southern British Columbia.  By 

isolating the trends in temperature and precipitation in separate simulations, the influence 

of temperature and precipitation trends on SWE trends is partitioned.  The effects of 

natural variability associated with the Pacific Decadal Oscillation (PDO) on the SWE 

trends are assessed by examining trends in a time series constructed using two warm 

PDO epochs.  We find that losses in April 1 SWE from 1916 to 1997 over the western 

U.S. are primarily due to wide spread warming, and that these trends are not well 

explained by decadal climate variability associated with the PDO.  Trends in 

precipitation, however, are apparently largely controlled by decadal variability rather than 

longer term trends in climate. 

Seasonal cycle shifts in hydroclimatology over the Western US
Regonda, S., B. Rajagopalan, M. Clark, and J. Pitlick, 

Journal of Climate, 18, 372-384, 2005.

Abstract 

Analyses of streamflow, snowfall temperature, and precipitation in snow-melt 

dominated river basins in the western US indicates an advance in the timing of peak 

spring flows over the past fifty years. Warm temperature spells in spring have occurred 

much earlier in recent years, which partly explains the trend in the timing of the spring 

peak flow. In addition, a decrease in snow water equivalent and a general increase in 

winter precipitation is evident for many weather stations in the western U.S. It appears 

that in recent decades more of the precipitation is coming as rain rather than snow. The 

trends are strongest at lower elevations and in the Pacific Northwest region, where winter 

temperatures are closer to the freezing-point; it appears that in this region in particular, 

modest shifts in temperature are capable of forcing large shifts in basin hydrologic 

response. We speculate that these trends could be potentially a manifestation of the 

general global warming trend in recent decades and also due to enhanced ENSO activity. 

The observed trends in hydroclimatology over the western US can have significant 

impacts on water resources planning and management. 

________________________________________________________________________

Colorado River Basin Climate Change & Water Resource Articles

Effects of Climate Change on the Hydrology and Water Resources of the Colorado River Basin. (2004). 

Niklas S. Christensen, Andrew W. Wood, Nathalie Voisin, 

et al. Climatic Change, vol 62, pp. 337 - 363.

Available at: http://wwa.colorado.edu/resources/colorado_river/Christensen_2004.pdf. 
The most recent of the very few articles on the potential effects of climate change on the hydrology of the Colorado River. Ongoing research by Niklas Christensen of the University of Washington's Land Surface Hydrology Group, Department of Civil and Environmental Engineering.

Abstract

The potential effects of climate change on the hydrology and water resources of the Colorado River basin are assessed by comparing simulated hydrologic and water resources scenarios derived from downscaled climate simulations of the U.S. Department of Energy/National Center for Atmospheric Research Parallel Climate Model (PCM) to scenarios driven by observed historical (1950-1999) climate. PCM climate scenarios include an ensemble of three 105-year future climate simulations based on projected 'business-as-usual' (BAU) greenhouse gas emissions and a control climate simulation based on static 1995 greenhouse gas concentrations. Downscaled transient temperature and precipitation sequences were extracted from PCM simulations, and were used to drive the Variable Infiltration Capacity (VIC) macroscale hydrology model to produce corresponding streamflow sequences. Results for the BAU scenarios were summarized into Periods 1, 2, and 3 (2010-2039, 2040-2069, 2070-2098). Average annual temperature changes for the Colorado River basin were 0.5°C warmer for control climate, and 1.0, 1.7, and 2.4°C warmer for Periods 1-3, respectively, relative to the historical climate. Basin-average annual precipitation for the control climate was slightly (1%) less than for observed historical climate, and 3, 6, and 3% less for future Periods 1-3, respectively. Annual runoff in the control run was about 10% lower than for simulated historical conditions, and 14, 18, and 17% less for Periods 1-3, respectively. Analysis of water management operations using a water management model driven by simulated streamflows showed that streamflows associated with control and future BAU climates would significantly degrade the performance of the water resources system relative to historical conditions, with average total basin storage reduced by 7% for the control climate and 36, 32 and 40% for Periods 1-3, respectively. Releases from Glen Canyon Dam to the Lower Basin (mandated by the Colorado River Compact) were met in 80% of years for the control climate simulation (versus 92% in the historical climate simulation), and only in 59-75% of years for the future climate runs. Annual hydropower output was also significantly reduced for the control and future climate simulations. The high sensitivity of reservoir system performance for future climate is a reflection of the fragile equilibrium that now exists in operation of the system, with system demands only slightly less than long-term mean annual inflow.
The Impacts of Climatic Changes for Water Resources of the Colorado and Sacramento-San Joaquin River Basins.

Peter H. Gleick and Elizabeth L. Chalecki

Journal of the American Water Resources Association, OL. 35, NO. 6, December 1999.

Abstract

A wide variety of regional assessment of the water-related impacts of climatic change have been done over the past two decades, using different methods, approaches, climate models, and assumptions.  As part of the Water Sector research for the National Assessment of the Implications of Climate Variability and Change for the United States, several major summaries have been prepared, looking at the differences and similarities in results among regional research projects.  Two such summaries are presented here, for the Colorado River Basin and the Sacramento River Basin.  Both of these watersheds are vitally important to the social, economic, and ecological character of their regions; both are large snowmelt-driven basins; both have extensive and complex water management systems in place; and both have had numerous independent studies done on them.  This review analyzes the models, methods, climate assumptions, and conclusions from these studies, and places them in the context of the new climate scenarios developed for the National Assessment. Some significant and consistent impacts have been identified for these basins, across a wide range of potential climate changes.  Among the most important is the shift in the timing of runoff that results from changes in snowfall and snowmelt dynamics.  This shift has been seen in every regional result across these two basins despite differences in models and climate change assumptions.  The implications of these impacts for water management, planning, and policy are discussed. 

Sensitivity of Streamflow in the Colorado Basin to Climatic Changes 

Linda Nash and Peter Gleick

Journal of Hydrology, 125, 221-241, 1991. 

An EPA report by Linda Nash and Peter Gleick that uses General Circulation Models (GCMs) to study the  sensitivity of streamflow and water supply to variations in temperature and precipitation. (EPA 230-R-93-009)

 Abstract

Changes in regional temperature and precipitation expected to occur as a result of the accumulation of greenhouse gases may have significant impacts on water resources. We use a conceptual hydrologic model, developed and operated by the National Weather Service, to study the sensitivity of surface runoff in several sub-basins of the Colorado River to these changes.  Increases in temperature of 2(C decrease mean annual runoff by 4-12%.  A temperature increase of 4(C decreases mean annual runoff by 9-12%. Increases or decreases in annual precipitation of 10-20% result in corresponding changes in mean annual runoff of approximately 10-20%.  For the range of scenarios studied, these results suggest that runoff in the basin is somewhat more sensitive to changes in precipitation than to changes in temperature.  Season changes were also observed, with peak runoff shifting from June to April of May. Fall and winter flows generally increase, whereas spring and summer flows decrease in most of the scenarios studied.  These changes are attributed to an increase of the ratio from rain to snow and to a higher snowline.  Although these results suggest that streamflow in the Colorado Basin is less sensitive to climatic changes than previous statistical studies have indicated, the magnitude of possible changes in nonetheless sufficiently great to have significant environmental, economic, and political implications. 

________________________________________________________________________

Climate Change studies about municipalities 

Consideration of Long-term Climatic Variability in Regional Modeling for SFWMD Planning & Operations

Obeysekera, J., Trimble, P., Neidrauer, C., Patahak, C., VarnArman, J., Strowd, T., and Hall, C.

South Florida Water Management District, 1 September 2006

Executive Summary (excerpts)  

During the past decade, the South Florida Water Management District (SFWMD) has initiated several investigative studies on the causes of climate variability in southern Florida. In addition, methods have been developed to successfully incorporate climate variability and climate outlooks into the water resource and operational planning modes of the Central and Souther Florida Flood Control System for today and into the future.

This report presents an overview of El Nino-Southern Oscillation (ENSO), the Atlantic Multi-Decadal Oscillation (AMO) and the Pacific Decadel Oscillation (PDO); to illustrate their influence on the South Florida regional climate conditions. Particular emphasis is placed AMO, which has figured heavily in recent discussion regarding Lake Okeechobee operations and planning for Comprehensive Everglades Restoration Plan (CREP). Along with analyses of period-of-record trends for both rainfall and Lake Okeechobee net inflow data, this report discusses the method for incorporating climate variability into planning decisions. 

Progress on Incorporating Climate Change into Management of California’s Water Resources

Technical Memorandum Report, California Department of Water Resources, July 2006
http://baydeltaoffice.water.ca.gov/climatechange/DWRClimateChangeJuly06.pdf 
Overview

On June 1, 2005, Governor Arnold Schwarzenegger issued Executive Order S-3-0 establishing greenhouse gas emissions targets for California and requiring reports on potential climate change effects on several areas, including water resources.  The Governor established a Climate Action Team (CAT) to guide the reporting efforts. As a part of CAT”s efforts, this report provides information on the present status and future guidance for incorporating climate change science into management of California’s water resources. The purpose of this report is to assess how various analysis and management tools currently used by the Department of Water Resources (DWR) could be used in adaptive or mitigation strategies related to climate change. This report focuses on assessment methodologies and initial study results and conclusions. 
The Impact of Climate Change on New Mexico’s Water Supply and Ability to Manage Water Resources, July 2006

New Mexico Office of the State Engineer/Interstate Stream Commission

John R. D’Antonio, P.E., State Engineer

Web link: http://www.ose.state.nm.us/ClimateChangeImpact/completeREPORTfinal.pdf 
Summary

This is a report produced by the New Mexico’s Office of the State Engineer in response to an October 2005 climate change initiative sponsored by Governor Bill Richardson of New Mexico. Recognizing that climate change in New Mexico will largely be impacts on water resources, an analysis of the impact of climate change on water supplies as well as ability for the state to adopt adaptive management strategies was decreed by Governor Richardson in his October 2005 Executive Order.  This report gives a summary of projected impacts on New Mexico’s water resources and addresses multiple inter-agency mitigation strategies to effectively and wisely use and allocate New Mexico’s water resources. 

Climate Warming and Water Supply Management in California

White Paper, California Climate Change Center

CEC-500-2005-195-SF, March 2006

Abstract

This paper examines economic water management adaptations, effects, and other implications of a GFDL-A2 water year 2085 dry climate warming scenario for California’s water supply system with estimated year 2050 water demands and land use. The GFDL-A2 year 2085 scenario was chosen because it is the driest of the four scenarios in the overall study. Economically adaptive water management activities for this climate scenario are compared with a similar modeling scenario with a continuation of the historical climate. The effects of population growth and land development alone to 2050 are developed and compared with those where dry climate warming also occurs. 

Estimated impacts of climate warming on California water availability under twelve future climate scenarios

Zhu, T., Jenkins, M.W., Lund, J.R. 

Journal of American Water Resources Association 41 (4), pp. 899-91, October 2005

Department of Civil and Environmental Engineering, University of California-Davis, 1 Shields Avenue, Davis, CA 95616, United States

Abstract

Spatially disaggregated estimates of over 131 streamflow, ground water, and reservoir evaporation monthly time series in California have been created for 12 different climate warming scenarios for a 72-year period. Such disaggregated hydrologic estimates of multiple hydrologic cycle components are important for impact and adaptation studies of California's water system. A statewide trend of increased winter and spring runoff and decreased summer runoff is identified. Without operations modeling, approximate changes in water availability are estimated for each scenario. Even most scenarios with increased precipitation result in less available water because of the current storage systems' inability to catch increased winter streamflow in compensation for reduced summer runoff. The water availability changes are then compared with estimated changes in urban and agricultural water uses in California between now and 2100. The methods used in this study are relatively simple, but the results are qualitatively consistent with other studies focusing on the hydrologies of single basins or surface water alone.

Climate Change and California Water Resources: A Survey and Summary of the Literature

http://www.pacinst.org/reports/climate_change_and_california_water_resources.pdf 
Michael Kiparsky and Peter H. Gleick, Pacific Institute for Studies in Development, Environment and Security

California Water Plan Update 2005

Abstract

The Pacific Institute surveyed existing literature on climate change and its impacts on water resources in California.  The study reviewed projected effects of climate change on the state’s water supply, delivery, and quality, and explored the economics involved in meeting the challenges that those affects could bring about. 

The study concluded that 00managing water resources to address climate change impacts could prove different than managing for historical climate variability because: (1) climate changes could produce hydrologic conditions and extremes of a different nature than current systems were designed to manage; (2) they may produce similar kinds of variability but outside of the range for which current infrastructure was designed; (3) traditional water resource management assumes that sufficient time and information will be available before the onset of large or irreversible climate impacts to permit managers to respond appropriately; (4) traditional management assumes that no special efforts or plans are required to protect against surprises or uncertainties. 

Optimization of California’s Water Supply System: Results and Inisghts

Marion W. Jenkins, Jay R. Lund, Richard E. Howitt, Andrew J. Draper, Siwa M. Msangi, Stacy K. Tanaka, Randall S. Ritzema, and Guilherme F. Marques

Journal of Water Resources Planning and Management, pp. 271-281, July/August, 2004.

Abstract

This paper presents results of a large-scale economic engineering optimization model of California’s water supply system.  The results of this 4-year effort illustrate the value of optimization modeling for providing integrated information needed to manage a complex multipurpose water system.  This information includes economic benefits of flexible operations, economic valuation of capacity expansion opportunities, estimating user willingness to pay for additional water, economic opportunity costs of environmental flows, and identification of promising conjunctive use and water transfer opportunities.  The limitations of such modeling also are discussed.  Overall, the results suggest improvements to system operation and water allocations with a statewide expected value potentially as high as $1.3 billion/hear.  Significant improvements in performance appear possible through water transfers and exchanges; conjunctive use, and various operational changes to increase flexibility.  These changes also greatly reduce costs to agricultural and urban users of accommodating environmental requirements.  Model results also suggest benefits for expanding selected conveyance and storage facilities. 

Seattle Climate Change Impacts

University of Washington, Water Resources Management and Drought Planning Group, 2004

Master's Thesis: Wiley, M.W. (2004). "Analysis Techniques to Incorporate Climate Change Information into Seattle’s Long Range Water Supply Planning," University of Washington.
Available at: http://www.tag.washington.edu/projects/seattlecc.html. 

Overview

Seattle Public Utilities is sponsoring research in the Department of Civil Engineering at the University of Washington to explore the potential impacts that climate change may have on their ability to provide water to the metropolitan region. A technical focus of this research is to develop techniques for the downscaling of GCM-produced global climate change scenarios to localized river basins.

Another primary theme of this research is to explore and quantify the level of certainty associated with each of the steps required in the process of translating GCM outputs to localized watershed hydrology.

To perform this analysis, emission scenarios will be selected from the recent Special Report of Emission Scenarios to represent future greenhouse gas concentrations. Outputs from three to five GCC models using these scenarios will be used in conjunction with a watershed model to estimate streamflow hydrology in the future. These flows, in turn, will be used to evaluate climate change impacts on the water supply system. The impacts of climate change on water demand will also be explored.

Portland Climate Change Impacts: The Impacts of Climate Change on Portland's Water Supply: An Investigation of Potential Hydrologic and Management Impacts on the Bull Run System. 

Palmer, R.N., and M. A. Hahn. Report prepared for the Portland Water Bureau, University of Washington, Seattle, 2002. 

Available at: http://www.tag.washington.edu/papers/papers/PortlandClimateReportFinal.pdf. 

Summary

This study explores the impact that climate change will have on the Bull Run watershed and the Portland Water Bureau’s (PWB) ability to provide reliable water to its customers.  The study uses a series of linked models to address the potential impacts of climate change.  These models stimulate three aspects of the process: the climate, the hydrologic cycle, and water supply system management.  The results of this study are of particular revelance, as the PWB has recently completed a comprehensive water plan and must now decide which of several potential alternatives it should pursue in continuing to provide safe and reliable water.

Currently, water demands are met with two major dams in the Bull Run watershed and with groundwater.  The active capacities of the dams are small (10.2 billion gallons) relative to the flows delivered from their watersheds, thus they refill annually. A number of system expansion alternatives are being considered, including the construction of Dam 3 in the Bull Run basin and the expanded use of groundwater.  Dam 3 would double the available surface storage in he basin whereas expansion of the groundwater sources will make the PWB more dependent on subsurface sources.  Growing regional water demands will compromise PWB’s current ability to provide water reliability during drought events in the future.  The decision of how best to supplement the existing water supply with a combination of conservation and new sources is an important decision that will define PWB’s role in regional water supply. 

Climate Change Impacts on New York City’s Water Supply System

Blake, R., Khanbilvardi, R., and Rosenzweig, C.

Journal of the American Water Resources Association (JAWRA), Volume 36, No. 2, April 2000

Abstract

It has been well established that the greenhouse gas loading of the atmosphere has been increasing since the mid 19th century. Consequently, shifts in the earth’s radiative balance are expected with accompanying alterations to the earth’s climate.  With these anticipated, and perhaps already observable, changes in both global and regional climate, mangers of regional water resources seek insight to the possible impacts climate change may have on their present and future water supplies. The types and degrees of impacts that climate change may have on New York City’s water supply system were assessed in a study of a watershed in Allaben, New York. Hypothetical scenarios of future climate and climate change projections from three General Circulation Models (GCMs) were used in conjunction with the WatBal hydrological model and the Palmer Drought Severity Indix (PSDI) to ascertain how runoff and soil moisture from this watershed may change n a warmer climate. For the worst case predictions, the results indicate that within the century of the 2000s, the watershed’s air temperature may increase up to about 11( F, while its precipitation and runoff may decrease by about 13 to 30 percent, respectively.  If this watershed is typical of others within the New York City water supply system, the system’s managers should consider implementing mitigation and adaptation strategies in preparation for the worst of these possible future conditions.
________________________________________________________________________

Journal of American Water Works Association (AWWA) Articles

Climate Change and its implications for the Rocky Mountain region

Smith, J., Wagner, C. 

Journal of American Water Works Association, 98:6, June 2006

Summary

This article briefly reviews what is known about climate change in a general sense and what projected impacts are for he Colorado Rockies, Front Range, and western Great Plains. Written for the lay reader, the article draws on the work of numerous scientists studying climate change. Results from model outputs indicate that estimates of average temperature increase ranged from 1.1-2.2 C (2.0-3.9 F) with largest increases in the summer months. Individual model results on precipitation in the 2020’s varied from an increase in 5% to a decrease of 18% and thus change in precipitation is largely inconclusive. The bottom line is that the effect of human-induced climate change on temperatures is apparent, but effect on total annual precipitation and seasonality of precipitation is still uncertain.

Climate Change and Water Resources: A Primer for Municipal Water Providers

Miller, K., Yates, D.

American Water Works Association Research Foundation (AWWA) and University Corporation for Atmospheric Research (UCAR)

Summary

This publication is directly focused on providing water provider’s with a synopsis of current climate information including an overview of climate trends and projected impacts on water resources resulting from climate variability and change. From there, climate variability and change impacts are applied to water management operations and management, in order to provide water manager’s with possible planning and adaptation strategies necessary to sustain water resource availability. 

Population Growth and Climate Change

Means, Edward G.

Journal of American Water Works Association, 97:8, August 2005

Summary

This article is the second in a series presenting the findings of the project, “An Update of the Strategic Assessment of the Future of Water Utilities.” The first article in this series, “Ten Primary Trends and Their Implications for Water Utilities,” appeared in the July 2005 edition of Journal AWWA. This article addresses how increase in population and change in various population demographics will impact water resource management operational strategies. Population parameters such as consumer age, ethnicity, income, and level of education will decisively affect the scope and nature of how water resources are allocated. Further, this article discusses a separate climate change component, placing special emphasis on climate change as an additional driving force behind how water managers think, plan and operate available water resources. Concluding, this article addressed the need in flexibility of water management due to the uncertainty in projecting specific impacts resulting from climate change, (i.e. change in precipitation) as well as the variable nature of population demographics. 

Ten Primary Trends and their implications for water utilities
Means, E., Ospina, L., and Patrick, R.

Journal of American Water Works Association, 97:7, July 2005

Summary

This article describes the primary trends identified through an assessment of the literature, interviews with public water supply community leaders, and a future workshop featuring futurists and scenario planning exercises. Trends that are comparatively new or more pronounced since the 2000 assessment include security (physical and information technology), climate change, and growth in nongovernmental organization influence in water, total water management principles such as watershed management, and energy risk. On the basis of the findings of this assessment, the utility will do three things sufficiently. First the utility of the future will be operationally efficient, it will be engaged in the community, and it will integrate water management, treatment, and environmental sustainability.

Climate Change and Water Resources: Committee Report from AWWA’s Public Advisory Forum

Journal of American Water Works Association, 89, Issue 11, pp 107-110, November 1997

Summary

This article addresses how global climate change could affect water resources in a general sense. Although an older piece, this article is sufficient in briefly introducing the potential causes of climate change as well as it concisely discusses projected impacts on land and specifically, water resources. Cited potential effects of climate change on water resources include changes in temperature, evaporation, and precipitation, as well as cite the potential for land surfaces to dry, snowfall and snowmelt patterns to change, frequency and intensity of storms to change, and change in runoff behavior. This article is beneficial as a prelude to more detail-specific climate science and related impact on water resources articles.
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