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I. INTRODUCTION AND WITNESS QUALIFICATIONS 1 

Q. Please state your name and business address. 2 

A. Eugene S. Takle, 3010 Agronomy Hall, Iowa State University, Ames, Iowa. 3 

Q. By whom are you employed, and in what capacity? 4 

A. I am employed by Iowa State University as a Professor with a joint appointment in the 5 

Department of Geological and Atmospheric Sciences and in the Department of 6 

Agronomy.  As a faculty member I teach online and face-to-face classes, conduct 7 

research relating to climate change, and present talks on climate change to other 8 

professional groups and the general public. 9 

II. PURPOSE OF TESTIMONY 10 

Q. What is the purpose of your testimony? 11 

A. I will present my expert opinion on whether the best available scientific data and 12 

understanding of climatic behavior is consistent with and can explain why there is a 13 

downward trend in annual Heating Degree Days ("HDD") experienced at O’Hare Airport 14 

in Chicago, Illinois, and whether that trend is likely to continue over the next six to ten 15 

year period.  16 

III. SUMMARY OF CONCLUSIONS 17 

Q. Please summarize your conclusions. 18 

A. A statistical analysis suggests that an average of the last ten years would be more 19 

predictive of annual heating degree days over the next several years than would an 20 

average of the last thirty years.  North Shore Gas Company (“North Shore” or the 21 
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“Company”) has asked my opinion, as a climate scientist, as to whether this trend can be 22 

explained on the basis of climate change as is understood by consensus of the climate 23 

science community and whether the downward trend in annual HDD total calculated 24 

from O’Hare data is likely to continue over the next six to ten year period.  It is my 25 

opinion that data from the last ten years are more representative of the next ten years than 26 

are data from the last thirty years.  Furthermore, it is my opinion that this trend likely will 27 

continue for the next 6 to 10 years. 28 

IV. ATTACHMENTS TO TESTIMONY 29 

Q. What is attached to your testimony? 30 

A. There are six attachments to my testimony.  Attachment 1 is my curriculum vitae.  31 

Attachment 2 is a list of sources on which I relied in formulating my testimony.  32 

Attachment 3 shows the global temperature trend since the 1970s.  Attachment 4 shows 33 

the temperature trend in the continental United States since the 1970s.  Attachments 5 34 

and 6, taken from the 2001 IPCC report, show annual global changes (Att. 5) and winter 35 

changes (Att. 6) from 1976-2000. 36 

V. BACKGROUND AND EXPERIENCE 37 

Q. Please summarize your educational background and the positions you have held. 38 

A. I have a Bachelor of Arts Degree in Physics and Mathematics from Luther College 39 

(1966) and a PhD in Physics from Iowa State University (1971).  I joined the Iowa State 40 

University faculty in 1971 as an assistant professor with a joint appointment in the 41 

Department of Agronomy and in the Department of Geological and Atmospheric 42 

Sciences, and I have remained on the faculty since that time.  I have taken faculty 43 

improvement leaves to do research at the Cooperative Institute for Research in 44 
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Environmental Science at the University of Colorado (1978-79) and at the Naval 45 

Postgraduate School in Monterey, California (1983-84).  I also have been a visiting 46 

scientist at the National Center for Atmospheric Research in Boulder, Colorado (1973) 47 

and Riso National Laboratory in Roskilde, Denmark (1988). 48 

Q. Have you provided a curriculum vitae? 49 

A. Yes, a copy of my curriculum vitae that includes my experience and qualifications 50 

relevant to this testimony is provided as North Shore Ex. EST-1.1 of my testimony. 51 

Q. Your PhD is in physics, but you consider yourself a meteorologist.  Could you explain 52 

how your education and professional experience qualify you to be a meteorologist? 53 

A. The field of meteorology, including climate science, is based on classical physics.  I 54 

consider the combination of training in classical physics and over 30 years of teaching 55 

and peer-reviewed research in meteorology to be sufficient evidence for qualification as a 56 

meteorologist.  I was granted the distinction of Certified Consulting Meteorologist by the 57 

American Meteorological Society (“AMS”) in 1984 and have served on numerous 58 

national AMS committees relating to teaching and research.  I have been a member of 59 

and chaired the AMS Board on Higher Education.   60 

Q. You have the title of Certified Consulting Meteorologist.  Could you explain what this 61 

represents? 62 

A. The AMS conducts a certification program, which is described on the AMS website 63 

(http://www.ametsoc.org).  They describe a Certified Consulting Meteorologist (“CCM”) 64 

as "a professional meteorologist who has an in-depth understanding of the atmosphere 65 

and its behavior.  Services and products provided by CCMs are founded upon their 66 
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abilities to apply this specialized knowledge to a broad range of related activities, issues, 67 

and inquiries.  The essential attribute of the CCM is a specialized knowledge of the field, 68 

combined with broad experience, an integrated concept of service, and a clear and 69 

unwavering adherence to the rules of professional conduct and service." 70 

Q. What are your fields of specialty? 71 

A. My specialties are regional climate studies by use of numerical models and analysis and 72 

microclimate studies by use of numerical models of turbulent flow through vegetation. 73 

Q. Do you teach any courses? 74 

A. Yes, I teach a graduate course in Boundary Layer Meteorology that focuses on the lowest 75 

mile of the atmosphere.  I also teach a course in Global Change (which includes climate 76 

change) that can be taken as a graduate course or an undergraduate course and also can be 77 

taken over the internet.  And I oversee the Atmospheric Science Undergraduate Senior 78 

Thesis Program. 79 

VI. ANALYSIS AND CONCLUSIONS 80 

 A. Background 81 

Q. What is climate science, and how does it differ from meteorology and climatology? 82 

A. Climate science is distinguished from the more general discipline of atmospheric science 83 

or meteorology by its emphasis on climate as opposed to weather.  Climate science is the 84 

study of average conditions over some time period, whereas meteorology is the study of 85 

actual events.  It has been said that "climate is what we expect, and weather is what we 86 

get."  Climate science is distinguished from climatology by practitioners in the field by 87 

the fact that climate science relies heavily on numerical models for the study of climate 88 

processes, whereas climatologists primarily use statistical methods to study climate.  89 
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Climate scientists also use statistical methods to study the output of their numerical 90 

models and to compare these results with observations.  The distinction is in the wide use 91 

of numerical models by climate scientists.  These numerical models (in contrast to, say, 92 

statistical models or conceptual models) are based on the fundamental laws of physics 93 

and have essentially the same basic equations as models used by fluid engineers to study 94 

fluid motions in combustion chambers, flow around airplane bodies, and flow in pipes 95 

and ducts. 96 

Q. What types of phenomena do climate scientists study, and how do you go about studying 97 

those phenomena? 98 

A. Climate scientists study long-term trends in average meteorological conditions and 99 

changes in these averaged conditions from season to season, year to year, decade to 100 

decade.  They do not generally engage in forecasting or prediction of actual events (for 101 

example, tomorrow’s temperature or precipitation) but rather average conditions (for 102 

example, daily maximum and minimum temperature to be expected on a July day of any 103 

year).  They do engage in projecting future scenarios of climate, as opposed to 104 

forecasting actual future conditions.  For example, they might project a future climate 105 

scenario (say, the decade of the 2040s) that had an average daily maximum temperature 106 

for September that was 3.5oF higher than the current average daily maximum for 107 

September.  But they would not predict the sequence of daily maximum temperatures for 108 

that decade.  The phenomena studied by climate scientists include average conditions of 109 

all meteorological variables, such as the change in average conditions of precipitation, 110 

temperature, humidity, pressure, wind, and cloudiness, or average occurrences of events 111 

such as droughts, floods, heat waves, and storms.  Both climatologists and climate 112 
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scientists study climate change, but the climate scientist would use numerical models to 113 

further seek answers to questions such as what variables are changing, how much are 114 

they changing, why are they changing, and what are the consequences of these changes. 115 

Q. What have you been asked to evaluate for your testimony? 116 

A. North Shore has asked me to review the statistical studies supplied to me by witness 117 

Brian Marozas that pertain to the number of HDD observed in the Chicago area as 118 

determined from meteorological data taken at O’Hare Airport in Chicago, and the various 119 

methods of predicting future HDD totals based on averages taken over different period 120 

lengths for the most recent years.  The temperature record from O’Hare Airport produces 121 

a downward trend in annual HDD total over the last thirty years.  The statistical analysis 122 

suggests that an average of the last ten years would be more predictive of annual HDD 123 

total over the next several years than would an average of the last thirty years.  North 124 

Shore has asked my opinion, as a climate scientist, as to whether this trend can be 125 

explained on the basis of climate change as is understood by consensus of the climate 126 

science community and whether the downward trend in annual HDD total calculated 127 

from O’Hare data is likely to continue over the next six to ten year period. 128 

Q. Have you reached a conclusion? 129 

A. Yes.  It is my opinion that data from the last ten years are more representative of the next 130 

ten years than are data from the last thirty years.  Furthermore, it is my opinion that this 131 

trend likely will continue for the next 6 to 10 years. 132 

Q. What materials in addition to the statistical data provided to you have you reviewed to 133 

form your opinion? 134 
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A. I have reviewed a number of items in the peer-reviewed literature pertinent to this area of 135 

study.  I have compiled a list of the most significant sources to which I referred, and the 136 

list is North Shore Ex. EST-1.2 to my testimony.  137 

Q. What is a "heating degree day," or HDD? 138 

A. The HDD is a unit of measure used by utility companies and others to estimate the 139 

demand for space heating based on meteorological conditions. 140 

Q. How does the HDD statistic relate to temperature? 141 

A. Numerically, the contribution of a given day to the annual HDD total represents the 142 

difference between 65oF and the actual mean daily temperature, where the actual mean 143 

daily temperature is the simple average of the daily maximum and daily minimum 144 

temperature.  For example, if the daily maximum temperature was 52oF and the daily 145 

minimum was 32oF, the contribution of this day to the annual HDD total would be 65 - 146 

(52+32)/2 = 23 HDDs.  The annual total of HDDs is the sum of the daily contributions 147 

from those days when the mean daily temperature is below 65oF.  In warmer years the 148 

annual HDD total would be expected to be lower than average, and in colder years the 149 

annual HDD total would be expected to be higher than average. 150 

Q. What steps have you taken to answer the question that North Shore put to you? 151 

A. First, I have reviewed the literature cited above regarding climate trends on a global level.  152 

I then noted the correlation between global events and those across the US.  I have 153 

surveyed trends in climate projected for North America by global models.  From peer-154 

reviewed literature, including some from our own laboratory at Iowa State University, I 155 

have analyzed temperature trends projected by both global and regional models for the 156 
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US Midwest.  I also have interpreted results of a scientific study on the appropriate 157 

normalization period to be used in projecting future annual HDD totals in Illinois.  158 

Finally, I reviewed the latest regional predictions for the Midwest.  159 

 B. Global Climate Trends 160 

Q. Is there an international scientific consensus on climate trends at the global scale? 161 

A. Yes.  The scientific community is in broad agreement that the earth is warming at a rate 162 

that exceeds trends of the past.  Research and viewpoints of the international science 163 

community are collected and reported on a semi-regular basis by the Intergovernmental 164 

Panel on Climate Change (“IPCC”) of the World Meteorological Organization and the 165 

United Nations Environment Programme.  The 2001 report (the so-called Third 166 

Assessment Report, or “TAR”) of these international organizations consisted of three 167 

major publications and one synthesis report (hereinafter referred to as “IPCC 2001”).  168 

Over 2,000 scientists worldwide, including myself, contributed to the writing and 169 

reviewing of this report.  In early February of 2007 the IPCC began releasing parts of its 170 

Fourth Assessment Report (“AR4”).  My discussions with scientists involved in the 171 

writing and my observation of the materials released indicate that the climate trends 172 

reported in the AR4 are substantially the same as those in the TAR. 173 

Q. What observations lead scientists to believe the Earth is warming? 174 

A. Evidence for global warming comes from instrumental measurements, such as with 175 

thermometers at surface-based stations on land and buoys over the ocean, and space-176 

based measurements made by satellites of sea-surface temperatures.  Other 177 

measurements, made with balloon-borne instruments, sample upper air conditions once or 178 

twice daily on all continents.  The combined record based on all these measurements 179 
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shows a trend of relatively rapid global warming since the 1970s, as shown on North 180 

Shore Ex. EST-1.3.. 181 

Independent evidence of a warming planet comes from changes in physical, 182 

chemical and biological processes over large areas.  Mountain glaciers on all continents 183 

are observed to be retreating up the mountain slopes.  The Mt. Kilimanjaro glacier at the 184 

border of Kenya and Tanzania will have completely melted within 20 years.  Arctic sea 185 

ice has thinned substantially, and its areal extent has decreased by 10-15% in the last half 186 

of the 20th century.  Flowering dates of many plants are observed to be occurring earlier 187 

in spring in the US and Great Britain.  The growing season has increased by 1-4 days 188 

across the Northern Hemisphere, and the frost-free period of the US Midwest is about 8 189 

days longer now than in 1950.  Lake Mendota in the city of Madison, Wisconsin has 190 

about 15 fewer days with ice cover than 50 years ago.  The intensity of tropical cyclones 191 

in the North Atlantic Ocean has doubled in the last 30 years.  Many other such changes 192 

have been recorded and reported in the peer-reviewed scientific literature. 193 

Q. Skeptics of global warming point to accelerating snow accumulation on Antarctica as 194 

counter evidence.  Can this be reconciled with a warming-planet scenario?    195 

A. Yes, if the temperature over a part of Antarctica rises from 0oF to 5oF, there will be no 196 

additional snow melt at this location.  However, air at 5oF holds more moisture than air at 197 

0oF and will produce more snow than a colder atmosphere.  Therefore, enhanced snowfall 198 

over such a cold location is entirely consistent with global warming. 199 

Q. Hasn't the Earth experienced periods of warming and cooling in the past? 200 

A. Yes, over the last 400,000 years the Earth has warmed and cooled with some degree of 201 

regularity.  Minor changes in the Earth's orbit around the sun and a slight "wobble" of the 202 
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Earth on its axis are enough to change the intensity of radiation received from the sun and 203 

the ability of the Earth to absorb this radiation.  Because of this, the Earth has spent most 204 

of the last 400,000 years in "ice ages" of various degrees compared to the present.  Only 205 

episodically is the warming of the planet sufficient for Earth to bask in an "interglacial" 206 

period.  The last significant ice age ended about 15,000 years ago, and the planet will 207 

revert to another ice age in about 50,000 years. 208 

The intensity of the sun also changes very slightly on various time scales, some as 209 

short as 5-10 years.  This "flickering" of the sun contributes (although with a relatively 210 

small magnitude) to changes that have been observed in Earth temperatures over the last 211 

hundred years. 212 

Q. What methods do scientists use to estimate future changes in global mean surface 213 

temperatures? 214 

A. There are no periods of the recent past to which we can look for evidence of what Earth’s 215 

climate will be like in the next 100 years.  Therefore, the only physically based method 216 

for estimating future trends in climate is a global climate model.  These models are based 217 

on the widely accepted laws of physics describing the conservation of momentum 218 

(Newton's laws of motion), conservation of energy, and conservation of mass.  Several 219 

research laboratories around the world have developed global climate models.  All use 220 

the same set of basic equations (derived from the conservation laws previously 221 

mentioned) but differ in their manner of specifying characteristics of clouds, sea ice, 222 

vegetation, and ocean-atmosphere interactions. 223 

Q. What level of confidence do we have that climate model projections are reliable? 224 
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A. Although they have certain known limitations, as I describe below, global climate models 225 

give good representations of the current and recent past changes in climate for the Earth 226 

and are the best available scientific tools for projecting climate conditions into the future.  227 

They are accepted models for making and testing climatic forecast data such as I have 228 

examined here. 229 

These models are thoroughly tested on records of the past.  Two testing periods 230 

are used:  the period from about 1880 to the present for which we have instrumental 231 

measurements (thermometers, satellites) of the earth and atmospheric temperatures, and 232 

the "pre-instrumental" period (paleoclimate record) for which we have "proxy" data.  233 

Proxy data consist of tree rings, lake sediments, ocean corals, borehole temperatures, 234 

glacier ice cores, and pack-rat middens.  These physical, chemical, and biological records 235 

all have features that were influenced by temperatures of the past. 236 

When run with observed environmental conditions of the past 120 years these 237 

models give very good reproductions of observed temperatures.  Applications of global 238 

climate models to paleoclimate scenarios have shown good agreement on how biological 239 

processes changed, for instance, as the earth emerged from the last ice age 15,000 years 240 

ago.  Temperature patterns simulated by these models over the US for different past eras 241 

give migrating climate zones that are consistent with pollen-record evidence of the 242 

northward advance of the spruce forests as the glaciers retreated northward. 243 

Q. What are the largest weaknesses of these models? 244 

A. The features that differ among the various climate models (listed in an answer to the 245 

question above on methods used by scientists) are also the features that represent some of 246 

the largest sources of uncertainty in these models.  The effects of clouds, for instance, are 247 
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very difficult to quantify with high precision because clouds form in many different sizes 248 

and with many different levels of absorption and reflection of energy.  Vegetation 249 

interacts with the atmosphere by responding to drought by transpiring little or no water, 250 

thereby reducing atmospheric moisture levels.  Crops covering the landscape and species 251 

planted in managed forests depend on management decisions, which influence how 252 

sunlight is absorbed and moisture is transpired over the growing season.  These effects 253 

are not represented with high accuracy in global models.  Floating sea ice fragments, like 254 

clouds, come in a variety of sizes and move according to both atmospheric and ocean 255 

currents, which creates uncertainty in climate models. 256 

Another source of uncertainty in climate models is their inability to represent all 257 

known (and also likely some unknown) "feedback" processes.  For instance, Arctic 258 

tundra of North America and Eurasia contains vast regions of dead vegetation beneath the 259 

permafrost that now does not interact with the atmosphere.  But thawing of these regions 260 

due to global warming will release large amounts of methane gas - a strong greenhouse 261 

gas - that would exacerbate the warming.  This is known as a "positive feedback," 262 

because it further accelerates the warming.  On the other hand, as the climate warms, the 263 

atmosphere can hold more moisture and therefore form more clouds that reflect more 264 

solar radiation back into space.  This increased cloudiness provides a self-limiting 265 

"negative feedback" that impedes additional warming.  Since feedbacks are not well 266 

represented in climate models, we don’t know whether their combined effect will be 267 

positive (exacerbate the warming) or negative (suppress the recent warming). 268 

Q. What do these models project for future warming at the global scale? 269 
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A. All models project a warmer climate in the future.  No models show a global cooling.  270 

The models show global average warming from 1.5 to 6oC (2.7 to 11oF) over the next 100 271 

years, with differences depending on which model and which economic scenario are 272 

chosen.  Warming is stronger at high latitudes, particularly in the Northern Hemisphere, 273 

and weaker (but still a warming) at the Equator.  Continental areas warm more than ocean 274 

areas, and high altitudes warm more than low altitudes.  These model results all are 275 

consistent with observed temperature changes in the last 25 years. 276 

Q. What would be the impact of a prolonged major El Nino or La Nina on the pattern of 277 

global warming? 278 

A. A strong and prolonged El Nino would lead to higher global average temperatures, all 279 

other conditions being equal, as happened in 1997-98.  A strong La Nina has less 280 

influence. 281 

Q. Are there any possible global-scale events that could reverse, even temporarily, the 282 

general upward trend of global mean temperatures? 283 

A. Yes.  A major volcano could temporarily reduce the global mean annual temperature by 284 

as much as perhaps 0.5oC for a period of 1-2 years.  Based on observations of global 285 

temperature trends after the eruptions of Mt. Agung in 1963 and El Chichon in 1982, the 286 

global climate model predictions of global temperature trends of abrupt cooling followed 287 

by gradual warming for the two years following the eruption of Mt. Pinatubo in 1991 288 

were quite accurate.  A series of several major volcanoes could reduce the global mean 289 

annual temperature below the average of the last 100 years.  290 
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 C. Climate Change in the US 291 

Q. How do past US trends of climate change compare with global trends? 292 

A. The trend of temperatures for the last 100 years averaged over the continental US has 293 

followed approximately the pattern of global changes, particularly since about 1970.  294 

(See Attachment 4)  A gradual rise in temperature from 1900 until about 1930 was 295 

followed by a slight decrease until about 1970, perhaps due to small variances in the 296 

output of the sun.  Since 1970, both the global and US temperatures show an irregular 297 

rise to the century maximum in 1998 followed by slightly lower values the following two 298 

years.  Since 2000 the global temperatures have drifted slightly higher, whereas the US 299 

continental temperatures have trended slightly lower.  However, both global and US 300 

temperatures have risen more than 1oF over the last 30 years. 301 

From this record it is reasonably safe to say that temperature trends on the scale of 302 

the continental US are quite similar to those on the global scale.  From one year to the 303 

next there may be small differences in magnitude and even direction, but 5-10 year trends 304 

seem similar, particularly since 1970. 305 

 D. Regional Trends Within the US 306 

Q. What information have you used to evaluate past and future climate change for regions of 307 

the US? 308 

A. I have use the IPCC 2001 reports previously discussed, the report of the US National 309 

Assessment Synthesis Team (“NAST”), and recent reports by Wuebbles and Hayhoe 310 

(hereinafter referred to as “W&H”) from the University of Illinois and Kunkel and Liang 311 

(hereinafter referred to as “K&L”) of the Midwest Regional Climate Center.  The NAST, 312 

organized by the US Global Change Research Program in 2000, has issued a report on the 313 
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potential impacts of climate variability and change on the US.  Over 300 scientists 314 

participated in generating and reviewing at least parts of this report.  The NAST provides 315 

region-by-region (including the US Midwest) evaluation of recent and projected future 316 

climate change based on two global climate models.  The W&H report follows the NAST 317 

procedure but expands the number of global models to seven.  The K&L paper uses eight 318 

models, five of which were in the W&H set (but slightly different model versions) and 319 

simulated a 70-year period of change. 320 

Q. How does the IPCC 2001 report divide the continental US into regions? 321 

A. The IPCC report divides North America into 6 zones, one being labeled as Central North 322 

America (CNA), which stretches from the Gulf of Mexico to just north of Lake Superior 323 

and from the front range of the Rocky Mountains to eastern Tennessee. 324 

Q. What states are considered "Midwest" by the NAST? 325 

A. Minnesota, Wisconsin, Michigan, Iowa, Illinois, Indiana, Ohio, and Missouri. 326 

Q. What have been the past trends of regional temperature change across the US according 327 

to the IPCC 2001 report?  328 

A. The IPCC 2001 report provides plots of changes in annual (see Attachment 5) and 329 

seasonal (see Attachment 6 for winter values) temperatures over the US from 1976 - 330 

2000.  These plots show that annual mean temperatures in the US have risen in all 331 

regions except for isolated areas in northern California and near Kansas City, which have 332 

experienced weak cooling.  Annual mean temperatures have increased in the Central 333 

North America region by about 0.6oC per decade (1.1oF per decade) over the last quarter 334 

of the 20th century.  335 
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Q. What have been the trends of regional temperature change across the US as reported by 336 

the NAST over the same time period? 337 

A. The NAST does not focus on the last 30 years, as the IPCC 2001 report did, but rather 338 

reports changes over the last 100 years.  Quoting from their report: "Annual mean 339 

temperature trends in this region over the 20th century indicate that the northern portion, 340 

including the upper Great Lakes, is warming at a rate of almost 4oF/100 years (2oC), but 341 

the southern portion along the Ohio River valley has a slight cooling trend of around 342 

1oF/100 years (0.6oC)".  It is noteworthy (as is shown in Attachment 4) that most of the 343 

change over the US in the last 100 years has occurred in the last 30 years. 344 

 E. Regional Trends Within the U.S. - Future Projections 345 

Q. Does the IPCC 2001 report provide information about future climate change for regions 346 

within the US? 347 

A. Yes.  The report includes graphs of temperature change produced by five global models 348 

for summer (June-July-August) and winter (December-January-February) over a 110-349 

year period beginning with 1961.  If we focus on the winter period (the period of interest 350 

for the present testimony) for Central North America, the models give an average 351 

warming of about 0.84oF per decade with a range of 0.51 - 1.0oF per decade. 352 

Q. How does the NAST project future climate changes? 353 

A. Two global climate models were used to generate scenarios of climate change for the 21st 354 

century:  the model of the Canadian Climate Center and the model of the Hadley Centre 355 

in the UK.  The Canadian model tends to give warmer global mean climates than most 356 

climate models, and the Hadley model tends to be nearer the mean of all models, but both 357 

models clearly show (as do all global climate models) that the Earth will warm over the 358 
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next 100 years.  Of the models for which the IPCC has reported climate changes for the 359 

central US, the Canadian model has the highest increase in winter temperature, and the 360 

Hadley Centre has the lowest increase. 361 

Q. What are the overall projections by the NAST for changes in climate for the US over the 362 

next 100 years? 363 

A. Projections by the NAST indicate mean temperatures likely will rise 3-5oC (5-9oF) over 364 

the next 100 years.  The Canadian model suggests some regions in the Rocky Mountains 365 

and Great Plains could warm by more than 10oF, with the western US, southwest, and 366 

southeast experiencing only about a 5-7oF warming.  The Hadley Centre model projects 367 

the western half of the US to warm by about 5oF and the eastern half by about 3oF.  The 368 

global models both suggested warming for the US Midwest, although they were not in 369 

close agreement as to the specific magnitude of the warming.  This difference might be 370 

expected, since projections of future changes at the regional scale or changes at specific 371 

points are considered less accurate than projections of global climate change.  372 

Q. What are the projected trends in temperature for the Upper Midwest and Northern Illinois 373 

for the 21st century as projected by the NAST? 374 

A. Summarizing their key findings, the NAST states that "For both humans and animals, a 375 

reduction in (number of occurrences of) extremely low temperatures is likely to reduce 376 

cold-weather stress and mortality due to exposure to extreme cold..."  Commenting on 377 

changes expected for recreational activities, they state that "Cold weather activities are 378 

likely to decline as warmer weather encroaches on the winter season."  For southern 379 

Wisconsin the Canadian Climate Model used for one part of the projections suggests a 380 

tripling (from 5 to 15) of the number of wintertime nights remaining above freezing.  381 
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Generally, winter nighttime minimum temperatures are expected to rise more than 382 

summer daytime maximum temperatures.  Both climate models used in the assessment 383 

indicate a 50% decrease in the length of snow cover in the region.  384 

Again, quoting from the report:  "By the end of the 21st century, the projected 385 

changes in mean annual temperature for much of the Midwest are between 5 and 10oF (3-386 

6oC) with about twice the rate of temperature increase in the Canadian Climate Model 387 

scenario than in the Hadley scenario.  In both scenarios, the mean daily minimum 388 

temperature rises more than the maximum temperature, often by a degree or two F by the 389 

end of the 21st century, a characteristic also observed during the 20th century." 390 

The NAST, in comparing the climate of the two scenarios used in the assessment 391 

for the 2030s, found that one model gave northern Illinois a climate comparable with 392 

current conditions in southeastern Ohio and West Virginia, while the other model found 393 

Northern Illinois of the 2030s more like the current southern Illinois and east-central 394 

Missouri.  Estimating temperature rises over the next 30 years from long term simulations 395 

gives rises of about 1-3oF for northern Illinois, which, if they occur uniformly over the 396 

period, are equivalent to 0.33 – 1.0oF per decade.  397 

Q. What updated information does the W&H report provide on the NAST results? 398 

A. The W&H report (published in October 2004) examines results from seven global models 399 

that were not available when the NAST report was published in 2001, with more detailed 400 

examination of two of these models.  Results are given for “winter” (defined as 401 

December-January-February) and do not encompass the entire space-heating season, but 402 

these values can be used to estimate changes for the heating season as well.  For the 403 

general region of the Peoples Gas service area, the two models indicate a warming over 404 
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the 21st century of 1-2oC (1.8-3.6oF) and 3-4oC (5.4-7.2oF).  When they considered all 405 

seven models for the Central US (a somewhat larger region than the NAST-defined 406 

“Midwest”) the winter increase in temperature over the 21st century ranged from 2-7oC 407 

(3.6-12.6oF).  Again, assuming the warming were to occur uniformly over the 100-year 408 

period, this gives 0.2-0.7oC (0.36-1.26oF) per decade.  These results are consistent with 409 

the NAST results, although shifted slightly toward more warming. 410 

Q. What updated information does the K&L paper provide beyond the NAST and W&H 411 

results? 412 

A. The K&L report published in April 2005 uses a slightly smaller region to define the 413 

Midwest (eliminating Minnesota, Wisconsin and most of Michigan) centered on central 414 

Illinois.  For reasons discussed below, we would expect slightly less future warming in 415 

this region than in the Peoples Gas service area.  These models give an average rise in 416 

winter temperature of 2.91oC over 70 years, with a range of 1.25 to 4.70oC.  If the 417 

warming rate is uniform over this period, this change is equivalent to 0.42oC, with a 418 

range of 0.18 to 0.87oC (0.75oF, with a range of 0.34 to 1.57oF).   419 

Q. Has your Regional Climate Modeling Laboratory at Iowa State University made 420 

projections of future scenario climates for the US Midwest?   421 

A. Yes, we have.  We use regional climate models in conjunction with global models to 422 

make projections of future scenario climates for all regions of the continental US.  423 

Q. Are you aware of any other group of scientists that has made projections of Midwest 424 

climate by use of regional climate models? 425 
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A. In 2001 our lab was the first to publish results in the peer-reviewed literature with 426 

projections of future climates using 10-year long simulations with a regional climate 427 

model. In the last two years, two other regional climate modeling laboratories have 428 

published extended (10 years or more) simulations of future climate scenarios for the US. 429 

Q. How does a regional climate model like yours differ from a global climate model used by 430 

the NAST? 431 

A. The regional model takes as input the results of a global model and uses the same basic 432 

equations used by the global model to produce climate information on much finer scales.  433 

A global model typically has one grid point to represent the state of Illinois, whereas our 434 

regional model has about 53 grid points in the state, of which approximately 15 are in 435 

northern Illinois.  Of course the regional model relies on the parent global model for 436 

information outside North America. 437 

Q. Could you explain in layman's terms how your model works? 438 

A. We supply our model with atmospheric and sea-surface conditions beyond the boundaries 439 

of the continental US as given by global climate models six times per day for each day of 440 

the simulated period (say, the decade of the 2040s).  Our model begins each model day 441 

with a gradual increase of solar energy as if the sun were rising.  For each time step 442 

(typically 3 minute intervals) throughout the day, the model calculates the change in 443 

surface temperature from this latest 3-minute input of solar radiation.  By use of the laws 444 

of physics the model calculates how this small increment of heat from the sun causes air 445 

parcels to move, moisture to be evaporated from the surface, clouds to form, rainwater to 446 

be created from cloud water, soil moisture to increase from precipitation, etc.  After 447 

accounting for all the changes the model advances in time by another 3 minutes and 448 
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receives another dose of energy from the sun, and then proceeds to again calculate the 449 

changes.  The model continues to march forward during day and night, each time starting 450 

with an energy gain from the sun or loss to outer space due to nighttime cooling.  It does 451 

these calculations each time step at each of about 7,600 surface points across the US and 452 

adjacent oceans and at 17 levels above each surface point, for a total of about 129,000 453 

grid points.  It also has points in the soil at which soil moisture and soil temperature are 454 

calculated.  Calculated values of wind speed, temperature, humidity, pressure, cloud 455 

water, precipitation, soil temperature, soil moisture, etc., are stored in the computer at 456 

each time step and averaged to give hourly values.  As can be expected from such a 457 

complex system, the model is extremely calculation-intensive and requires use of 458 

hundreds of hours of continuous computation time on a supercomputer.  A typical 459 

experiment produces thousands of megabytes of output data.   460 

Q. What global model provided the global information for your regional calculations? 461 

A. We use a version of the UK's Hadley Centre model (the same model system used by the 462 

NAST) which gives results near the consensus of all climate models. 463 

Q. What future years were simulated with your regional model? 464 

A. We simulated eras with environmental conditions comparable to the decade of the 1990s 465 

and the decade of the 2040s.  466 

Q. And you said earlier that you have published some of these results in peer-reviewed 467 

literature? 468 

A. Yes, we have published several papers including studies of changes of extreme 469 

precipitation due to climate change, climate change for California, climate change impact 470 
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on stream flow in the Upper Mississippi River Basin, and negative feedback on daily 471 

maximum temperatures under climate change in the Great Plains.  I am not aware of any 472 

published reports directly focused on northern Illinois.  473 

Q. What do the results of your model project for future temperature trends in northern 474 

Illinois between the 1990s and the 2040s? 475 

A. Like almost all models, ours shows warming in all seasons, with winter (+6.5oF) and 476 

spring (+5.8oF) warming more than summer (+4.0oF) or fall (+4.3oF), and nights (+5.4oF) 477 

warming more than daytime (+4.9oF) periods for the 50-year interval simulated.  These 478 

data give about 1.0oF annual increase per decade and 1.3oF increase per decade in winter, 479 

which are consistent with recent observed temperature increases in this region and 480 

somewhat higher than the IPCC regional estimates from global models (0.84oF per 481 

decade with range of 0.51 - 1.0oF in winter) and the NAST estimate (0.33 - 1.0oF per 482 

decade for the annual mean).  A notable factor for interpretation of these results is that 483 

the region defined as Central North America for the global model analysis stretches from 484 

southern Canada to the Gulf of Mexico.  All global models show that warming is 485 

substantially higher at high latitudes than low latitudes.  For this reason, it is highly likely 486 

that for the region defined as Central North America, its northern part will warm 487 

substantially more than its southern part and also more than the average over the region.  488 

Therefore, northern Illinois, which is in the northern half of Central North America, will 489 

likely warm more than the regional average given by the 0.84oF per decade winter value 490 

produced by the models summarized in the IPCC 2001 report.  It is noteworthy that the 491 

global model results in the recent report of W&H give a range of 0.2-0.7oC (0.36-1.26oF) 492 
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per decade, which concurs quite well with earlier results and comes closer to our regional 493 

model results than did the older IPCC 2001 model results. 494 

Q. Are you aware of any other group of scientists that has made projections of Midwest 495 

climate by use of regional climate models? 496 

A. A research group at Penn State University recently published a report that included future 497 

climate change for the central US.  This group produced regional climates by use of a 498 

global model, not listed in the IPCC 2001 report, that had a large cold bias over the 499 

United States.  All models have some bias, but if a model has a large bias over a 500 

particular region it is not correctly simulating the observed climate of the 20th century.  501 

Large errors in simulating the 20th century cast doubt on a model’s ability to simulate the 502 

21st century.  The global model used for the Penn State study was not included in the 503 

IPCC 2001 report nor was it included in the W&H report.  Its projected climate change 504 

for the 21st century in the Midwest US is approximately a warming of 0.0 – 0.5oC (0.0-505 

0.9oF).  Assuming a uniform rate of warming over the century, this gives  0.00 – 0.05oC 506 

(0.00-0.09oF) per decade, which is well below the range from our model, the IPCC 2001 507 

results, and the W&H results.  As I discussed earlier, a regional model produces refined 508 

features of the results of the global model in which it is imbedded, and its results are 509 

dependent, in part, on the quality of the simulations of the global model on which it is 510 

based.  If a global model has a strong warm or cool bias, the regional model used for fine-511 

scale simulation will largely retain this bias.  The global model used by the Penn State 512 

researchers projected an increase in January temperature of only 0.09oF per decade for 513 

central North America, which is well below the range of winter decadal increases (0.51-514 

1.0oF) produced by models listed in the IPCC 2001 report.  Consequently, the regional 515 
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models used to refine the global model values produced winter decadal temperature 516 

increases of only 0.0-0.15oF per decade, which are well below the rate of temperature 517 

change produced by our regional/global model combination. 518 

A second team, comprised of researchers from Purdue University and the 519 

International Center for Theoretical Physics in Trieste, Italy, published a report in 520 

November 2005 on future temperature extremes for the US as projected by a regional 521 

climate model.  They used the NASA model to provide global model lateral boundary 522 

conditions for their regional model.  Although they focus on extreme temperatures 523 

(highest and lowest 5%) rather than means and do not report winter results separately 524 

from summer, their general trends are relevant to future trends in the Northern Illinois 525 

region.  Their model indicates that extreme daily maximum temperatures increase in this 526 

region by about 2-3oC  (3.6-5.4oF) and extreme daily minimum temperatures increase by 527 

about 8oC (14.4oF) over a 110-year period.  Thus, if we assume these changes to occur 528 

uniformly over the period, extremes are projected to increase 0.82 to 0.90oF per decade.  529 

Recognizing that future winters are widely expected (like winters of the last 25 years) to 530 

warm more than summers, we should choose a value nearer the high end of this range to 531 

characterize changes relevant to the present climate-change estimate.  Such a value (say, 532 

0.9oF per decade) is in approximate agreement with results of our lab and the NAST and 533 

IPCC results for the northern part of the Central US. 534 

In summary, winter temperature trends in the Midwest US and the northern 535 

Illinois area in the last quarter of the 20th century show a clear warming trend.  And no 536 

climate model that I know of projects winter cooling trends in the 21st century for this 537 

region.  The previously described results are summarized below: 538 
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Observed winter warming: 539 

1976-2000 warming for Midwest as reported in IPCC 2001: 1.1oF/decade 540 

O’Hare temperature increase since 1959:  1.08°F/decade 541 

21st C projected winter warming: 542 

IPCC for central North America: 0.84°F/decade 543 

NAST for Northern Illinois: 0.33 – 1.0°F/decade 544 

W&H  for Northern Illinois; 0.36-1.26°F/decade 545 

K&L for Northern Illinois: 0.34-1.57°F/decade 546 

ISU RCMLab for Northern Illinois: 1.3°F/decade 547 

Penn State for Northern Illinois: 0.0 – 0.09°F/decade  548 

Purdue University for Northern Illinois: 0.82-0.90°F/decade 549 

All projected future trends agree with recent observed trends that the winter warming will 550 

continue.  All but one of the future projections suggest the magnitude of the winter 551 

warming will be near or will exceed the past trend of about 1oF per decade. 552 

 F. O’Hare Airport (Northern Illinois) HDDs 553 

Q. If the upward trend in global mean annual temperatures and mean annual temperatures 554 

for the continental US continues as you have described, what is the likely effect, if any, 555 

on the annual HDD total calculated from data taken at O’Hare Airport? 556 

A. The correlation of annual HDD total at O’Hare with continental US mean annual 557 

temperatures was calculated to be -0.70 for the last 30 years (R2 value of 0.49).  Since 558 

this value is negative it means that when US temperatures go up, the annual HDD total at 559 

O’Hare goes down and when US temperatures go down the annual HDD total at O’Hare 560 

goes up.  If the magnitude of the correlation were near zero there would be only a weak 561 
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(at best) relationship between these two variables.  If the magnitude were 1.0, there 562 

would be a perfectly strong relationship.  Since the correlation magnitude is 0.70, it is 563 

appropriate to conclude that the annual HDD total at O’Hare shows a moderately strong 564 

relationship to US mean annual temperatures.  The R2 value of 0.49 means that about half 565 

of the variance (year-to-year variability) of the annual HDD total is explained by the 566 

variance of mean annual US temperatures.  Although strong El Ninos, such as the 1997-567 

98 event, are known to have episodic influences on HDD, no other factor can explain 568 

nearly as much variance as increases in global mean temperature.  569 

Q. What has been the mean annual US temperature over the last 10 years compared to the 570 

last 30 years? 571 

A. The mean annual US temperature over the period 1977-2006 was 53.3oF versus 54.1oF 572 

over the period 1997-2006, a difference of 0.8oF 573 

Q. Have you used the projections from your regional climate model to estimate the annual 574 

HDD total for O’Hare for the next 5-10 years? 575 

A. Yes.  I have added the seasonal temperature changes projected by our model to the 576 

monthly mean temperatures for O’Hare for the 1971-2000 normals as computed by the 577 

National Climatic Data Center.  From this I have computed the annual HDD for the 578 

decade of the 2040s.  Results show that the annual HDD total at O’Hare drops by 1,530 579 

HDD over 50 years, or by 30.6 HDD per year, on average.   580 

Q. Does this result seem consistent with your understanding, as a climate scientist, of the 581 

global and regional climatic trends?   582 
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A. Yes.  The NAST analysis points to a warming scenario already in progress for the 583 

northern Illinois region.  Statistical data on annual HDD provided by North Shore shows 584 

a declining trend, particularly since the 1970s, as would be expected in a warming 585 

climate.  These are very consistent with global trends and US trends.  Because of the high 586 

variability in HDD at O’Hare over the decade of the 1970s, the trend since that time 587 

depends strongly on the chosen starting date.  For instance, if we choose the last 30 years 588 

(starting at 1977), the linear trend is -33 HDD/year.  But if we choose the last 25 years, 589 

the linear trend in -32 HDD/year; if we choose the last 20 years, the linear trend is -17 590 

HDD/year.  Regardless of the exact period chosen, it is clear that the last 30 years has a 591 

trend of declining HDD.  These values are in general agreement with those determined 592 

quite independently by our regional climate model for changes beginning in the 1990s.  593 

These pieces of evidence reveal a very consistent picture. 594 

Q. If the warming trend of your climate model had been used to make a forecast of HDD for 595 

2006 what would have been the results? 596 

A. Our model base year was the decade of the 1990s, so from the HDD record for O’Hare 597 

for the period 1990-1999 the mean is 6,220 HDD.  By use of our trend (-30.6 HDD per 598 

year) to extrapolate forward 12 years, I would have projected the 2006 annual total to 599 

5,853 HDD.  The observed annual total for 2006 was 5,775 HDD.  This suggests that 600 

HDD declines in northern Illinois in recent years are consistent with projections based on 601 

a global warming model.  Since global warming is projected to continue for many 602 

decades, it is likely that the declining trend of HDD in northern Illinois also will 603 

continue.   604 
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Q. How do those results compare with calculations of North Shore by using the National 605 

Weather Service method, the last 30 years, and the last 10 years? 606 

A. The statistical results provided by North Shore using the National Weather Service 607 

method gives 6,498 HDD, using the last 30 years gives 6,401 HDD, and using the last 10 608 

years gives 6,044 HDD.  For this most recent completed year, model projection of 5,853 609 

HDD based on the global warming scenario is more consistent with a 10-year averaging 610 

period.  611 

Q. Are you aware of any statistical analyses relevant to this issue? 612 

A. Yes, I am aware of one other study of Illinois data. 613 

Q. What is that study? 614 

A. A report issued by the Illinois State Water Survey (“ISWS”) authored by Easterling et al. 615 

(1990), cited in Attachment 2, evaluates the accuracy of different normalization periods 616 

for projecting HDDs from one to five years in the future.  This report is relevant to my 617 

testimony. 618 

Q. What is meant by "normalization period"? 619 

A. The normalization period is the period of years used to estimate the mean climate of the 620 

recent past.  621 

Q. What is the normalization period used by the National Weather Service? 622 

A. The National Weather Service (“NWS”) uses a 30-year period ending in the most 623 

recently completed decade.  Under this definition, current climatological normals are 624 

computed from the values over the period 1971-2000. 625 
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Q. What data and method did Easterling et al. use to determine the appropriate normalization 626 

period for achieving highest prediction accuracy? 627 

A. They used temperature data from 1901-1984 for 41 stations in Illinois to calculate HDDs.  628 

Examination of the full record revealed three climatic "epochs," lasting from about 1901-629 

1935, 1936-1956, and 1957-1979.  These epochs were characterized, respectively, by 630 

decreasing trend, no trend, and increasing trend of HDD with time.   The last few years of 631 

the record showed a decreasing trend in HDD.  They then used averaging periods of 1 to 632 

30 years to define "normals" and determined which of these 30 different ways of 633 

computing normals would be most accurate in projecting HDD for one year into the 634 

future, two years into the future, and so on for Illinois.  They also evaluated accuracy of 635 

the NWS definition.  They employed four different statistical methods to evaluate 636 

accuracy, and all four methods gave essentially the same results. 637 

Q. What were their conclusions? 638 

A. The Easterling et al. data had three epochs with lengths from 20-35 years.  For stations 639 

having such epochs, if there is some confidence the current year is in a sub-record epoch 640 

(even if the trend is not well-defined), then it is most prudent to use a period of years less 641 

than 20 but not less than 6.  An averaging period of between 6 and 20 years allows for the 642 

possibility that the current epoch might end soon, which is more likely five years in the 643 

future than one year out.  Therefore, the study concluded that for predictions one year 644 

out, 10-12 years seems best, and for 5 years out, 17-19 seems best. 645 

Q. Does this result have relevance to a region likely to be experiencing a long-term trend of 646 

increasing temperatures due to global warming? 647 
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A. Yes.  The Easterling et al. results suggest that if the trend is likely to continue, then an 648 

averaging period near the low end of the 6-20 year range would be most accurate.   649 

Q. What were the least accurate averaging periods for the data record studied by Easterling 650 

et al.? 651 

A. Very short averaging periods of 1-6 years and the NWS method of most recently 652 

completed three decades ranked lowest in accuracy, with the 30-year period of the NWS 653 

being at or near the bottom in accuracy of all periods examined. 654 

Q. How do the Easterling et al. results influence your opinion as to which would be the 655 

better data set to use for predicting annual HDD total at O’Hare over the next six to ten 656 

year period - data from the last thirty years, or data from the last ten years?  657 

A. Because (a) the Easterling et al. temperature data were taken from the region of interest to 658 

this testimony, (b) rigorous statistical methods were employed, (c) data from 1979 to the 659 

present show a trend of decreasing HDD, and (d) all future projections of climate change 660 

indicate an increasing trend of winter temperatures (and hence, decreasing trend of 661 

HDDs), an averaging period near the low end of the 6-20 year range is recommend and a 662 

30-year period should be avoided. 663 

Q. The ISWS study was based on data no later than 1984.  Is it relevant today? 664 

A. I believe it is relevant in two respects.  First, since the Illinois data in that study largely 665 

predate the current warming trend, they demonstrate that an averaging period shorter than 666 

30 years is appropriate for Illinois even during epochs of natural climate epochs typically 667 

observed for this region.  Second, it supports the conclusion that during periods of long-668 
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term trend such as the current warming, a shorter averaging period produces more 669 

accurate predictions. 670 

Q. Do you know whether the study has been updated, or if not, how the authors of that study 671 

would apply their analysis to the current trend? 672 

A. The study has not been updated.  I spoke with two of the three authors: Bill Easterling, 673 

who is now on the faculty at Penn State University, and Jim Angel, who is still at ISWS 674 

and also now serves as Illinois State Climatologist.  They concurred with my conclusion 675 

that their analysis demonstrates a normalization period shorter than 30 years will be more 676 

predictive for epochs having long-term trend such as the current warming period.  677 

Q. Is it possible to apply the method of the ISWS study to the O’Hare data to find the 678 

appropriate normalization period for achieving highest prediction accuracy? 679 

A. Yes.  Results of calculations supplied to me by Mr. Brian Marozas of Peoples Energy 680 

Corporation provide this information.  He used the root-mean-squared error (“RMSE”) 681 

suggested by the ISWS study to determine the normalization period giving the highest 682 

accuracy over the period of record for O’Hare Airport.  683 

Q. Did you review the data and methodology used by Mr. Marozas? 684 

A. Yes. 685 

Q. Was the data accurate and the analysis performed appropriately? 686 

A. Yes. 687 

Q. And what were the results of that study? 688 
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A. His results show that the three most accurate averaging periods (in descending order of 689 

accuracy) for the entire O’Hare record are 8 years, 12 years and 11 years for the RMSE 690 

method. These results show a clustering around a 10-year average, adding further 691 

evidence that a 10-year period provides higher accuracy for prediction of HDD for 692 

O’Hare data than a 30-year period. 693 

 G. Conclusion 694 

Q. Do you have an opinion as to which would be the better data set to use for predicting 695 

annual HDD total at O’Hare over the next six to ten year period - data from the last thirty 696 

years, or data from the last ten years? 697 

A. Yes, I do. 698 

Q. What is your opinion? 699 

A. In my opinion data from the most recent ten years would be more accurate for estimating 700 

next year’s HDD than would data from the last thirty years. 701 

Q. On what do you base your opinion? 702 

A. I base my opinion on the following factors: (a) all projections by global climate models 703 

indicate that global temperatures will continue to increase, (b) US temperatures generally 704 

follow the changes in global temperatures, (c) the annual HDD totals at O’Hare tend to 705 

move opposite to US mean annual temperatures, (d) the last 10 years of mean US 706 

temperatures are a better representation of the current climate than the last 30 years, and 707 

(e) our regional climate model projects a trend in temperature since the mid-1990s that 708 

produces a trend in annual HDD totals which is very close to the trend calculated from 709 

recorded temperatures at O’Hare. 710 
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Q. Now that you have examined the statistical studies of HDD produced from O’Hare data, 711 

as well as the earlier statistical studies of the ISWS, are the conclusions of Peoples Gas 712 

based on historical HDD statistics consistent with and explained by the current consensus 713 

among climate scientists as to the existence and pace of climate change? 714 

A. Yes, they are. 715 

Q. Does this conclude your direct testimony? 716 

A. Yes, it does. 717 


