Q. PLEASE STATE YOUR NAME, OCCUPATION, AND BUSINESS ADDRESS.

A.  My name is Dr. Martin Hoerling.  I am a research meteorologist at the National Oceanic and Atmosppheric Administration (NOAA) Earth System Research Laboratory.  My business address is 325 Broadway, Boulder, Colorado 80309. 

Q. WHAT ARE YOUR PROFESSIONAL QUALIFICATIONS?

A. I have 22 years research experience on the subject of the causes and predictability of climate variability and change.   I have authored and co-authored over 50 peer reviewed scientific articles on climate.  I am currently the convening lead author on Chapter 3 of the U.S. Climate Change Science Progam’s Synthesis and Assessment Product 1.3 titled “Attribution of the Causes of Climate Variations and Trends over North America during the Modern Reanalysis Period”.  I am currently Chairman of the U.S. Climate Variability and Predictability (CLIVAR) research effort within the World Climate Research Program (WCRP).  I have previously been Editor for the American Meteorological Society’s Journal of Climate.   Attached is a resume that gives a more detailed description of my credentials as a climate scientist. 

Q. WHAT IS THE PURPOSE OF YOUR TESTIMONY?

      A.  My testimony will address the current scientific understanding of climate 

conditions, including the recent state of temperature, precipitation, and water 

supply in Colorado.   It will address what is known about climate change impacts 

for future Colorado water supply.

      Q.  WHAT IS THE EVIDENCE THAT EARTH’S CLIMATE HAS 

CHANGED?
      A.  Increasingly comphrensive observations of  such features as snow cover, glacial 


extent, sea level, ice sheets, sea ice, surface temperature, atmospheric 

temperature permit an accurate monitoring of the state of the Earth system. As 

reported by the Intergovernmetal Panel on Climate Change (IPCC, 2007) Fourth 

Assessment Report, “warming of the climate system is unequivocal”, and is 

evidenced by rising terrestrial temperatures, rising ocean temperatures to depths 

of several hundred meters, melting snow cover and sea ice, and rising global sea 

level.   For global average temperatures, eleven of the last twelve years (1995-

2006) rank among the 12 warmest since 1850.  

Q. WHAT HAS CAUSED THE RECENT CLIMATE CHANGE?

A. In the IPCC Fourth Assessment Report, climate scientists provide the consensus 

statement that most of the observed increase in global average temperatures since the mid-20th Cemtury is very likely (>90% chance) due to the increase in concentrations of greenhouse gases, especially carbon dioxide and methane.  It is very likely that the observed warming of land and oceans, together with the loss in ice mass, is not due to natural causes alone.  Furthermore, it is likely that the increases in greenhouse gas concentrations alone would have produced even greater warming than what has actually been observed because volcanic and human-induced aerosols have offset some warming that would otherwise have occurred. 

Q. HAVE EXTREME WEATHER EVENTS CHANGED?

A. The IPCC Fourth Assessement Report summarizes the evidence for observed trends in various extreme weather events, ones that are often of great consequence at regional scales.  Since the period post-1960, it is very likely that most land areas experienced more frequent hot days and nights, and it is likely (>60% chance) that heat waves have increased in frequency over most land areas.  It is also likely that the frequency of heavy precipitation events (or proportion of annual rainfall from heavy events) has increased over most land areas, consistent with warming and increased atmospheric water vapor. 

Q. HAVE DROUGHTS INCREASED OVER THE U.S?

A. According to the U.S. Climate Change Science Programs’ Synthesis and Assessment Report 1.3, it is unlikely that a systematic change has occurred in either the frequency or area coverage of severe drought over the contiguous US during the past half-century.  Greenhouse gas forcing may be creating conditions more favorable for drought over the Southwestern U.S., and that increasing land surface temperatures are adding to water stress during droughts. 

Q.  WHY HAVE LAKE POWELL & LAKE MEAD WATER LEVELS   

      FALLEN?
A.  The Lake Powell-Lake Mead storage on the Colorado river was near full 

capacity in 1999,  but storage levels have consistenly declined since.  Today, storage stands at 50%  capacity.  The principal reason for the decline has been a 

reduction in Colorado River inflow to Lake Powell.  According to the Bureau of 

Reclamation statistics, a 5-year period of low flow occurred from the 2000 to 

2004 water years with annual unregulated inflows of 62, 59, 25, 51, and 49% of 

average.  A near normal inflow in 2005 has since been followed by 71 and 68% of 

average inflows in 2006 and 2007, respectively.  The reason for reduced Colorado 

River flow has been a prolonged drought, which consisted of prolonged below 

average winter and spring precipitation and unusually high surface temperatures 

in most seasons. 

Q.  WHAT CAUSED THE RECENT DROUGHT AFFECTING COLORADO?

     A.  The recent drought is most likely the consequence of natural climate variability, 

related in part to the natural fluctuations of the El Niño/La Niña cycle of ocean 

surface temperature variations in the tropical Pacific.  These events affect the 

movement of moisture bearing storms in winter and spring that are the principal 

moisture sources suppling the region’s montane snowpack and eastern Plains soil

moisture.  For the western United Sates, paleo-reconstructions of 

drought based upon tree ring data suggest that recent droughts are less severe and 

less protracted than those that occurred during the 12th and 13th Centuries.

However, the current drought has been accompanied by unusally high surface 

temperatures.  Research published in the Proceedings of the National Academy of 

Sciences (Breshears et al. 2005) comparing the 1950s drought to the current 

drought indicates that greater warmth has been a material factor in the current 

drought’s greater impacts. 

Q. HAS COLORADO CLIMATE CHANGED?

A. According to data available from NOAA’s National Climate Data Center, 

     Colorado temperature during the 5-year period 2003-2007  averaged +2.2°F 

     above the 20th Century average.  The warming has been heterogeneous, being 

     greatest in the state’s higher elevations, and least in the southeast Plains. 

     A 2008 report titled “The West’s Changed Climate” by the Rocky Mountain 

          Climate Organization  indicates that  Colorado has warmed at a rate nearly double 

     the increase in globally averaged temperatures.  The western U.S. has also been 

     an epicenter of warming relative to the contiguous U.S. as a whole.  The period 

     2003-2007 is the warmest 5-yr period for the 11 Western States  in the 

     instrumental record since 1895. 

     There is little indication that Colorado precipitation has changed over the last 

          century.  Instead, strong annual and decadal variability is the principal 

          characteristic of the fluctuations in the state’s precipitation, with no significant 

          trend detected to date. The reduced precipitation during the current drought is 

          most likely a reflection of such natural variability.

     Q.  WHAT IS THE HISTORICAL FLOW IN THE COLORADO RIVER?

A. The Colorado River Compact of 1922 apportioned to both the upper and lower Colorado Basins 7.5 million acre-feet (maf) of water annually for beneficial consumptive use.  Water deliveries to Mexico were subsequently allocated, and these were  not to be in excess of 1.5 maf.  The total annual allotment of 16.5 maf was believed to be well within the then estimated climatological flow in the Colorado River----using  guage measurements during the 20-year period preceeding 1922, the average flow was estimated to be about 18 maf.   New research indicates that the true climatological flow in the Colordao River is much lower than presummed by the Compact authors.  The 2007 report of the National Academy of Science titled “Colorado River Basin Water Management” summarizes the methods and results of dendrochronology research.  These indicate that the long-term mean flow (during 1500-present) is more likely near 14 maf.  

Q. HOW WILL COLORADO CLIMATE CHANGE IN THE 21ST CENTURY

A.  According to the climate change projections contained in the IPCC (2007) report, a further warming of global average surface temperatures is expected for the next two decades----even if the concentrations of greenhouse gases and aerosols were kept constant at the 2000 level.  As has already been the case in recent decades, land temperatures will continue to warm more rapidly than ocean temperatures. Colorado’s annual surface temperatures would be expected to increase an additional 3°F-5°F by about 2050, relative to a 20th Century climatology (based on a business-as-usual scenario for greenhouse gas emissions).  Further warming is expected during the latter half of the 21st Century, although the intensity of that additional warming bears greater uncertainty owing to sensitivity to different greenhouse gas emission scenarios in the late 21st Century

Considerable uncertainty exists regarding the projections for precipitation change, 

especially at regional scales.  On a global scale, it is expected that storm tracks of 

the winter and spring seasons will shift poleward.  This shift could cause a 

wintertime reduction in precipitation in the US Southwest.  At this time, climate 

models are inadequate to address the impact of greenhouse increases on regional 

precipitation patterns.  In particular,  simulations of climate that incorporate 

realistic topographic complexity  are needed to provide more meaningful 

projections for Colorado precipitation change.   Notwithstanding, the high 

confidence in projections for a substantial temperature increase over Colorado 

has numerous implications for Colorado water supply. 

Q. WHAT ARE IMPLICATIONS OF A WARMER CLIMATE ON  COLORADO WATER SUPPLIES?

A. There are numerous hydroclimatic implications of warming.  These involve changes in the quantify and quality of water, and are likely to occur even in the absence of precipitation change.  The 2007 National Academy of Science Report “Colorado River Basin Water Management” summarizes an extensive body of scientific literature on this subject, and highlights the following likely consequences of warming for Colorado water supplies:

°  More winter precipitation to fall as rain compared to snow

°  shorter snow accumulation season at high elevations

°  earlier melting of snowpack

°  more runoff and increased streamflow in early spring

°  less runoff and reduced streamflow in summer and fall.

°  greater loss of water due to increased evapotranspiration

°  increased water demand by vegetation.

The combination of reduced volume streamflow during summer  and increased  surface temperature is expected to increase the temperature of in-stream flow.  This would negatively impact acquatic ecosystems and fish.  A recent example is the widespread fish kill during the summer of 2007 in several western rivers, including the Firehole River near Yellowstone where in-stream temperatures of 82°F killed hundreds of rainbow and brown trout. These river conditions were attributed to the heat wave and drought plaguing the West last year.  A similar combination of low summer streamflows and high ambient air and water temperatures had severe impacts on electricity production throughout the Rhone River Valley of France and Switzerland in 2003.  These impacts were triggered by an unprecedented summer heat wave over Europe in 2003.  Regarding the European heat wave, a scientific paper in Nature by P. Stott and colleagues (2004) found that increased greenhouse gases doubled the risk of a severe heat wave during the summer of 2003.  The IPCC (2007) report states that it is very likely that heat waves will increase in frequency over most land areas based on climate projections for the 21st Century. 

Q. WHAT ARE POSSIBLE IMPACTS OF A WARMER CLIMATE ON  WATER SUPPLY FOR COLORADO POWER PLANTS? 
A. Hydroclimatic projections for runoff into Colorado rivers and reservoirs indicate 

significant reductions for the 21st Century.  While there exists uncertainity 

regarding precisely how low streamflow could become as a result of climate 

change, virtually all methods that have been applied to the problem indicate 

reduced water supply.  A recent comprehensive study by US Geological Survey 

scientists indicate the Southwest U.S. is likely to experience the most severe 

reduction in runoff, with about 20% diminished annual runoff in the Colorado 

River Basin by 2050 (published in Nature by Milly et al. 2005; see attachement).   

Indications are that runoff would be more severely curtailed in the southern 

portions compared to the northern portions of the State.   In all cases, owing to 

increased temperatures, rivers including the Colorado, the South Platte, 

Clear Creek, Arkansas, Yampa, and Boulder Creek will see peak flow occurring 

earlier in the year, increased winter flow, and decreased summer flow.  The 

combination of low summer flows and greatly elevated air temperatures is 

expected to cause in-stream temperatures to increase.  The greater frequency of 

heat waves due to climate change is likely to further aggrevate the occurrence of 

unusally warm water drawn from the State’s rivers.  In a unprecedented heat wave 

in the Ohio Valley during 2007, water drawn from the Tennessee River exceeded 

90°F for 24 hours, causing the Tennessee Valley Authority (TVA) to perform its 

first ever shut down of a nuclear unit because of river temperature.  A similar 

situation occurred in France during their 2003 heat wave.  Increased temperatures 

and low stream flow are likely to increase challenges for operating steam power 

plants.  Issues include increased risk of  violating resource consent regarding 

maximum temperature of water downstream of a station.  Compliance may 

require a station to reduce its power production to remain within temperature 

constraints, a situation likely to increase during summer months and at times

of high demand during heat waves.  Mitigation strategies exist, such as the 

construction of “helper” cooling towers which cools water before emission, and 

permits a power station to operate at full capacity regardless of in-stream 

temperature. 

Q. DOES THIS CONCLUDE YOUR TESTIMONY?
A. Yes. 
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