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I greatly appreciate the opportunity to appear before you today.

A distinctive feature of water in California is the mismatch between when and where precipitation occurs and when and where water is used. About 80% of the precipitation in California occurs between October and March. I estimate that 75% of all the water used in California is used between April and September. About two thirds of all the precipitation in California occurs north of Sacramento; about two thirds of all the water use occurs south of Sacramento. To bridge the gaps in time and space, California has developed a vast system of reservoirs and aqueducts that store water and then move it around the state. In addition to manmade reservoirs, California also relies heavily on the snow pack in the Sierra Nevada mountains which provides a natural form of storage by holding the winter precipitation in the form of snow and releasing it in the late spring and summer as the snow melts. For California as a whole, the snow water equivalent (SWE) stored in the Sierra snowpack on April 1st amounts to about one half of the storage capacity in the state’s major reservoirs.

This water system is already being affected by climate change that has occurred over the past several decades. Over this period, California has been experiencing warmer temperatures in both the winter and the summer. Higher temperatures in the winter mean that more precipitation falls as rain instead of snow, and the snow that does fall melts earlier in the spring. Since about 1950 snow accumulation has already shown losses on the order of 10% in April 1 snow water equivalent across the western coterminous United States. Over this period, the onset of the snowmelt spring pulse has shifted forward in time by 10–30 days throughout the western United States, with the largest shifts seen in the Sierra Nevada and the Pacific Northwest. In California, the 100-year, 3-day peak flows on the American, Tuolumne, and Eel Rivers have more than doubled between the first half of the twentieth century and the second half; more generally, the annual peak 3-day mean discharges are becoming more variable and larger for most sites in California. 
Projections of climate change for California under various global emission scenarios, 

downscaled to California from various global circulation models, indicate clearly that temperatures will continue to rise. The speed of the changes varies from one model to another and depends on the degree of increase in global greenhouse gas emissions, but the overall trajectory of temperature in California is very clear. 

There is more uncertainty regarding the future trajectory of precipitation in California. Precipitation is inherently harder to project than temperature, in part because it is subject to cyclic variation, and there is less consensus among the climate models than with temperature. But, for water resource management in California, this is relatively  unimportant: it is temperature which will be the main driver of change in the California water system. Because of the future increases in winter and summer temperatures in California: 
the Sierra snowpack will decline; 
there will be less surface runoff from the precipitation that does occur in any given watershed; 
there will consequently be less stream flow in the late spring and summer than was experienced in the past,  and 
there will be more evaporation from reservoirs. 
There are also some indications that stream flow in California will become more variable, and there is some likelihood of longer and more severe droughts than were experienced in California in the past century. At the same time, the increase in summer temperatures is likely to raise crop evapotranspiration (ET) and cause an increase summertime demand for water in California, both in agriculture and in urban areas. 
The combined effect is that California’s water supply is likely to be reduced and become less reliable at the same time as the demand for water is increased.

What can be done in California to prepare for these changes and adapt to them?

The single best adaptation strategy for California is to get our house in order now. 
Here I focus on two aspects of this: measuring water use in order both to establish a solid baseline and to monitor the progressive effects of climate change; and revisiting surface water rights to consider how best to adapt them for climate change.

In California, we do not effectively measure surface water diversions by many non-project water users. We also have not firmly quantified many surface water rights. The total “face value” of post-1914 appropriative water rights permits and licenses within the Delta is more than 8 times the average annual natural flow in the watershed, and more than 3 times the observed maximum annual flow.
 Surface water rights holders are required to report their diversions to SWRCB every three years, but there is no sanction for failing to do so or for reporting incorrectly. Many rights holders do not report their diversions, and the SWRCB does not verify the data from those who do report their diversions. The State Water Resources Control Board, the agency which in my view should be monitoring surface water rights and diversions, fails to do so.
In many areas of California, surface water users also have access to groundwater, and will increase their groundwater pumping as an adaptation to reduced surface water availability. Conjunctive use – storing surface water in aquifers – is in principle an attractive alternative to above ground storage, but can be hampered without secure control over access to the stored water. California, I believe, is the only state in the American West which does not regulate or measure groundwater extraction

Our failure to measure how water is being used in California, at the user level, is an invitation for a train wreck to occur.

Appropriative water rights are a right to divert up to a specified quantity of water within a specified time period. Many water rights in California are for diversions in the period between April and October, reflecting the timing of irrigation water use. However, climate change is reshaping the hydrograph in California. Stream flows that used to occur in April are now occurring in March. The forward shifting of peak flows will accentuate over time. One projection is that there will be a 10-25% decline in spring and summer stream flows by mid-century, and even greater declines beyond that. These changes will severely strain the administration of surface water rights in California.

The question is: should we be doing something about this?
One course of action is to do nothing: rely on the appropriative rights that are now in place, and let future shortages and conflicts be dealt with through that system. This may, however, turn out to be a fairly costly process, precisely because in many cases existing rights are not well quantified and seniority is not actually enforced. In many basins, we do not have on the ground the system of water rights that the legal textbooks describe; we have an informal, quasi-riparian system. This works well enough with the status quo, but they may not be resilient in the face of a serious change in the hydrologic regime.

Another possible course of action is to consider some simple modifications within the existing system of appropriative rights. For example, redefine the time period, so that an April 1 right is now considered as applying to March 1, etc. Another possibility is an across the board percentage reduction in the quantities associated with existing water rights in streams which are found, with climate change, to have become over-appropriated during the irrigation season. 
However, I am concerned that, in the event of sharp reductions in stream flow and/or substantial increases in variability, there will be a growing political opposition to prior appropriation with seniority based on a historical hydrology that no longer exists in California.

In that case, another possibility is some major change in surface water rights towards a more equal sharing of water, entailing the ultimate phasing out of existing appropriative rights with some substantial grace period, and with some appropriate compensation.

This is the direction in which Australia has moved over the past 25 years, in the face of a serious decline in environmental quality in the Murray-Darling River system and severe drought over the past decade. 

Australia’s recent experience has been that water markets per se are not an adequate response to water scarcity. Instead, it turned out to be necessary to first reform water rights: They have in fact gone through three waves of water rights reform over this period, turning to larger changes as lesser revisions were found to have failed. 
In essence they have made three key changes:

· changing from a right to extract an absolute amount of stream flow to a right to a proportional share of inflow
· raising the share allocated for environmental purposes, and 

· unbundling rights and creating separate rights to inflow, to storage & to water quality

Proportional sharing places the burden of adapting to climate change most broadly on all water users in a basin. The view in Australia is that this is the fairest and most economically efficient approach to managing water in the face of severe hydrologic uncertainty; it creates a better – and more viable – pattern of risk sharing. Risk sharing will become the central issue in water resource management in California in the future. We need to decide whether what we are doing now constitutes an adequate and reasonable approach to managing the hydrologic risks which we will face in the future. In my view, it does not.
California has an older and more complex system of water rights than Australia. Changes such as those made by Australia would be more difficult in California, and would certainly require extensive consideration and investigation. My point is not that this type of change has to occur now. It is that we need to begin thinking about these issues now.

� This total does not account for pre-1914 appropriative rights or riparian rights.





PAGE  
4

