Extreme Weather Events and Climate Change^�

Richard W. Katz^y Environmental and Societal Impacts Group National Center for Atmospheric Research^z

Abstract

Research on climate change, in association with the enhanced greenhouse effect, has focused on trends in mean temperature. Surprisingly little attention has been devoted to changes in variability or in the relative frequency of extremes of temperature or of other climate variables such as precipitation. The inadequacy of scientific assessments of climate change, with respect to variability and extremes (e.g., Nicholls et al., 1996), is finally starting to be recognized (Karl et al., 1995). It is certainly the case that apparent trends in the economic impacts of weather extremes have received much attention, both in the insurance industry and in the news media, but changes in societal vulnerability act as a confounding factor making the attribution of such trends difficult (Pielke and Landsea, 1998). Despite its routine use in engineering design/risk assessment involving climate variables (for instance, precipitation), until recently extreme value theory has played virtually no role in the search for trends in extreme weather events.

It is somewhat bewildering that temperature extremes have received so little attention, given the well-documented trends in the mean. Uncertainty over whether temperature variability should be expected to increase or decrease is a contributing factor (Mahlman, 1997). In fact, it might well be that a concomitant decrease in temperature variability is masking the effects on extremes. Much is known about the statistical features of extreme temperature events under the present climate. For example, Brown and Katz (1995) made use of extreme value theory in performing a regional analysis of temperature extremes. They found that relative frequency of

∗Invited talk, Workshop on Extremes { Risk and Safety, Chalmers University of Technology, Gothenburg, Sweden, 18-22 August 1998.

†NCAR/ESIG, Box 3000, Boulder, CO 80307 USA (Phone: 303-497-8114; Fax: 303-497- 8125; e-mail: rwk@ucar.edu).

‡Research partially supported by the NCAR Geophysical Statistics Project through NSF grant DMS-9312686. NCAR is sponsored by the National Science Foundation. 1 a given extreme event has a simple structure across space, suggesting a “spatial analog” for climate change. The “urban heat island” effect, another analog for climate change, provides an illustration of the fact that the standard deviation of temperature might well change along with any trend in the mean (Tarleton and Katz, 1995).

Given its intermittency over both time and space, precipitation is perhaps the most intriguing climate variable from the perspective of extreme value theory. Physical considerations and experiments using numerical models suggest an intensification of the hydrologic cycle as part of the enhanced greenhouse effect. Climate researchers are starting to realize that simply dealing with monthly or seasonal precipitation totals is inadequate (Trenberth, 1997). Empirical evidence from observations is not definitive, but subtle effects such as increased frequency of intense precipitation have been detected (Karl et al., 1995; Karl and Knight, 1998). Katz (1997) made use of extreme value theory for a “random” number of random variables to relate the parameters (e.g., probability of occurrence) of a stochastic model for time series of daily precipitation amounts to design values/return periods for extreme high precipitation events. One physically attractive approach to the treatment of precipitation extremes involves statistical “downscaling,” or relating local precipitation to patterns in large-scale atmospheric circulation (e.g., El Nino events). Although not focused on extremes per se, some of this research indicates that mixtures of extreme value distributions ought to be fitted to precipitation extremes (Katz and Zheng, 1998).

References

[1] Brown, B.G., & Katz, R.W. (1995). Regional analysis of temperature extremes: Spatial analog for climate change? Journal of Climate, 8, 108{119.

[2] Karl, T.R., & Knight, R.W. (1998). Secular trends of precipitation amount, frequency, and intensity in the United States. Bulletin of the American Meteorological Society, 79, 231{241.

[3] Karl, T.R., Knight, R.W., & Plummer, N. (1995). Trends in high-frequency climate variability in the twentieth century. Nature, 377, 217{220.

[4] Katz, R.W., (1997). Extreme value theory for precipitation: Implications for climate change. Advances in Water Resources (submitted).

[5] Katz, R.W., & Zheng, X. (1998). Mixture model for overdispersion of precipitation. Journal of Climate (submitted).

[6] Mahlman, J.D., (1997). Uncertainties in projections of human-caused climate warming.

Science, 278, 1416{1417.

[7] Nicholls, N., et al. (1996) Observed climate variability and change. In Climate Change 1995: The Science of Climate Change, (Eds. J.T. Houghton et al.), Cambridge University Press, Cambridge, U.K., 133{192.

[8] Pielke, Jr., R.A., & Landsea, C.W. (1998). Normalized hurricane damages in the United States: 1925-1995. Weather and Forecasting (in press).

[9] Tarleton, L.F., & Katz, R.W. (1995). Statistical explanation for trends in extreme summer temperatures at Phoenix, Arizona. Journal of Climate, 8, 1704{1708.

[10] Trenberth, K.E., (1997). Atmospheric moisture residence times and cycling: Implications for rainfall rates with climate change. Climatic Change (submitted).