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1. What Are Extremes and Why Do They Matter12

13

Weather and climate extremes have always posed serious challenges to society.14

Changes in extremes are already observed to be having impacts on socioeconomic and15

natural systems, and future changes associated with continued warming will present16

additional challenges. Increased frequency of heat waves and drought, for example, could17

seriously affect human health, agricultural production, water resources, and water quality.18

19

Extremes are a natural part of even a stable climate system and have associated20

costs (Figure 1) and benefits. For example, extremes are essential in some systems to21

keep insect pests under control. While hurricanes cause significant death, injury, damage,22

and disruption, they also provide needed rainfall to certain areas, and some tropical plant23

communities are dependent on hurricane winds toppling tall trees, allowing more sunlight24

to rejuvenate low-growing trees. But on balance, because systems have adapted to their25

historical range of extremes, the majority of the impacts of events outside this range are26

negative impacts.27

28

The impacts of changes in extremes depend on both changes in climate and29

ecosystem and societal vulnerability. Vulnerability is shaped by factors such as30

population dynamics and economic status as well as developing and utilizing adaptation31
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measures such as appropriate building codes, disaster preparedness, and water use32

efficiency. Some actions taken to lessen the risk from extreme events can lead to33

increases in vulnerability to even larger extremes. For example, moderate flood control34

measures on a river can stimulate development in a now “safe” floodplain, only to see35

those new structures damaged when a very large flood occurs.36

37

Multiple extreme events over a short period reduce the time available for recovery38

and adaptation. The cumulative effect of compound or back-to-back extremes has far39

larger impacts than the same events spread out over a longer period of time. For example,40

heat waves, droughts, air stagnation, and resulting wildfires often occur concurrently and41

have more severe impacts than any of these alone.42

43

Human activities are known to affect climate averages. This is relevant to extremes44

because small changes in the averages of some variables result in larger changes in their45

extremes (Figure 2).46

47

2. Temperature–related Extremes48

49

2.1 Observed Changes50

Most of North America is experiencing more unusually hot days and nights. The51

number of hot spells has been increasing since 1950. However, the heat waves of the52

1930s remain the most severe in the U.S. historical record. (What about extremely high53

annual average temperatures?)54

55

There have been fewer unusually cold days during the last few decades. The last56

10 years have seen fewer severe cold waves than for any other 10-year period in the57

historical record, which dates back to 1895.  There has been a decrease in frost days and a58

lengthening of the frost-free season over the past century.59

60

The western half of North America has experienced the largest increases in heat61

extremes and decreases in cold extremes.62
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63

2.2 Attribution of Changes64

Human-induced warming has likely caused much of the average temperature65

increase in North America over the past fifty years. This affects changes in temperature66

extremes.67

68

2.3 Projected Changes69

Future changes in extreme temperatures will generally follow changes in average70

temperature. Abnormally hot days and nights and heat waves are very likely to become71

more frequent. Cold days and cold nights are very likely to become much less frequent.72

The number of days with frost is very likely to decrease.73

74

Climate models indicate that currently rare extreme events will become more75

commonplace. For example, for a mid-range emissions scenario, a day so hot that it is76

currently experienced once every 20 years would occur every three years by the middle77

of the century over much of the continental U.S. and every five years over most of78

Canada. By the end of the century, it would occur every other year or more.79

80

Episodes of unusually high sea-surface temperature are very likely to become81

more frequent and widespread. Sustained (e.g., months) unusually high temperatures82

could lead, for example, to more coral bleaching and death of the corals along with other83

impacts.84

85

Sea ice extent is expected to decrease and may even disappear entirely in the86

Arctic Ocean in summer in the coming decades, increasing coastal erosion in Arctic87

Alaska and Canada due to the increased exposure of the coastline to strong wave action.88

89

90

3. Precipitation Extremes91

92

3.1 Observed Changes93
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Extreme precipitation episodes (heavy downpours) have become more frequent94

and more intense in recent decades over most of North America. Extreme precipitation95

events now account for a larger percentage of total precipitation. For example, intense96

precipitation (the heaviest 1%) in the continental U.S. increased by 20% over the past97

century while total precipitation increased by only 7%.98

99

The monsoon season is beginning about 10 days later than usual in Mexico. In100

general, for the summer monsoon in southwestern North America, there are fewer rain101

events, but the events are more intense.102

103

3.2 Attribution of Changes104

Heavy precipitation events averaged over North America have increased over the105

past 50 years, consistent with the increased water holding capacity of the atmosphere in a106

warmer climate and the observed increase in water vapor over the oceans.107

108

3.3 Projected Changes109

Over most regions, precipitation is likely to be less frequent but more intense, and110

precipitation extremes are very likely to increase. For example, for a mid-range emission111

scenario, daily precipitation so heavy that it now occurs only once every 20 years is112

projected by climate models to occur every eight years or so by the end of this century113

over parts of North America.114

115

116

4. Drought117

118

119

120

121

122

123

124
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125

4.1 Observed Changes126

Drought can be defined in many ways, from acute short-term to chronic long-term127

hydrological drought, agricultural drought, meteorological drought, and so on. The128

assessment in this report focuses primarily on meteorological drought as measured by the129

Palmer Drought Severity Index (PDSI), though some other indices are included where130

and when available.131

132

Averaged over the continental U.S. and southern Canada the most severe droughts133

occurred in the 1930s and there is no indication of an overall trend in the observational134

record, which dates back to 1895. In Mexico and the U.S. Southwest, the 1950s were the135

driest period, though winter droughts in the past 10 years now rival the 1950s drought.136

There are also recent regional tendencies toward more severe droughts in parts of Canada137

and Alaska.138

139

4.2 Attribution of Changes140

141

No formal attribution studies for greenhouse warming and changes in drought142

severity in North America have been attempted.  However, it is likely that the increasing143

temperatures are already contributing to droughts that are longer and more intense.144

Droughts are also affected by the spatial pattern of sea surface temperatures, which145

appear to have been a factor in the severe droughts of the 1930s and 1950s.146

147

4.3 Projected Changes148

Droughts are likely to become more frequent and severe in some regions as higher149

air temperatures increase the potential for evaporation.150

151

Droughts will be exacerbated by earlier and possibly lower spring snowmelt run-152

off in the mountainous West, which results in less water available in late summer.153

154
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In southwestern North America, the winter rainy season is projected to continue155

to shrink, increasing the risk of drought.156

157

5. Storms158

159

5.1 Hurricanes and Tropical Storms160

161

5.1.1 Observed Changes162

Atlantic tropical storm and hurricane destructive potential as measured by the163

Power Dissipation Index (which combines storm intensity, duration, and frequency) has164

increased. This increase is substantial since about 1970, and is likely substantial since the165

1950s and 60s, in association with warming Atlantic sea surface temperatures (Figure 4).166

167

There have been fluctuations from decade to decade and data uncertainty is larger168

in the early part of the record compared the satellite era beginning in 1965. Taking these169

into account, the balance of evidence suggests that the annual numbers of tropical170

storms/hurricanes and major hurricanes in the North Atlantic has increased over the past171

100 years, a time in which Atlantic sea surface temperatures also increased. Despite this172

increase, there is no observational evidence for an increase in North American mainland173

land-falling hurricanes since the late 1800s, though there has been an increase in landfalls174

in the Caribbean.175

176

Hurricane intensity in the eastern Pacific, affecting the Mexican west coast and177

shipping lanes, has decreased since 1980. However, coastal station observations show178

that rainfall from hurricanes has increased since 1949, in part due to slower moving179

storms.180

181

5.1.2 Attribution of Changes182

183

184

185
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It is likely that human activities have caused a discernible increase in sea surface186

temperatures in the hurricane formation region of the tropical Atlantic Ocean over the187

past 100 years. The balance of evidence suggests that human activity has caused a188

discernible increase in tropical storm/hurricane and major hurricane frequency in the189

North Atlantic.190

191

5.1.3 Projected Changes192

According to theory and models for North Atlantic hurricanes (both basin-wide and land-193

falling) rainfall rates are likely to increase [12% per degree C?]. [It is likely/the balance194

of evidence suggests] that surface wind speeds will increase [4-5% per degree C?]. The195

spatial distribution is likely to change. Frequency changes are too uncertain for confident196

projections. Due to projected sea-level rise, the potential for storm surge damage will197

very likely increase.198

199

Future changes in North Pacific tropical storms/hurricanes are projected by200

models and theory to be similar to those for the North Atlantic, except that hurricane201

surface wind speeds are likely to increase [check with change above].202

203

5.2 Other Storms204

5.2.1 Observed Changes205

206

There has been a northward shift in the tracks of strong low-pressure systems207

(storms) in both the N. Atlantic and N. Pacific over the past fifty years. In the North208

Pacific, the strongest storms are becoming even stronger. Evidence in the Atlantic is209

insufficient to draw a conclusion about changes in storm strength.210

Increases in extreme wave heights have been observed along the Atlantic and211

Pacific coasts of North America based on three decades of buoy data. Increases along the212

U.S. east coast coincide with the peak of the hurricane season. Increases along the West213

coast have been greatest in the Pacific Northwest, and are likely a reflection of changes in214

cold season storm tracks.215

216
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While snow cover extent has decreased over North America, overall trends in217

snowstorms and episodes of freezing rain have not been observed over the past century.218

219

220

The data used to examine changes in the frequency and severity of tornadoes and221

severe thunderstorms are inadequate to make definitive statements about actual changes.222

223

5.2.2 Attribution of Changes224

225

Human influences on changes in sea-level pressure patterns have been detected226

over the Northern Hemisphere and this affects the location and intensity of storms.227

228

5.2.3 Projected Changes229

230

There are likely to be more frequent strong low-pressure systems (storms) outside231

the tropics, with, stronger winds and more extreme wave heights (Figure 5).232

233

234

6. Recommendations:   What measures can be taken to improve the understanding235

of weather and climate extremes?236

Drawing on the material presented in this report, recommendations are described237

in detail in chapter 4. Briefly summarized here, they emphasize the highest priority areas238

for rapid and substantial progress in improving understanding of weather and climate239

extremes.240

• The continued establishment and maintenance of high quality climate observing241

systems to monitor climate variability and change should be of highest priority.242

• Research to homogenize and analyze long-term observations in the instrumental243

record should be continued.244
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• Efforts to extend reanalysis products using surface observations should be245

pursued, as well as studies to directly identify strong extratropical cyclones from246

the sparse observations.247

• Research is needed to create annually resolved, regional-scale reconstructions of248

temperature and precipitation for the past 2,000 years.249

• Substantial increases in computational resources should be made available to fully250

investigate climate models’ ability to recreate the recent past as well as make251

predictions under a variety of forcing scenarios.252

• Modeling groups should be encouraged to post-process and submit daily averaged253

datasets that already exist but have not yet been archived.254

• Research needs to move beyond purely statistical analysis and focus more on255

linked physical processes that produce extremes and the associated changes in256

climate.257

• Communication between the science community and the user community should258

be enhanced in both directions.259

• Greater human and computing resources need to be provided for improving our260

understanding of changes in weather and climate extremes, for example,261

hurricanes, strong convective storms, and heavy rainfall.262

263

264

265

266

267
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268

Figure 1. The blue bars show the number of billion dollar or more events by year and are269

scaled to the left side of the graph. The blue line (actual costs at the time of the event) and270

the red line (costs adjusted for wealth/inflation) are scaled to the right side of the graph,271

and depict the annual damage amounts in billions of dollars.272

273

274
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275

Figure 2.  Changes in the percent of days within a year with the minimum temperature276

falling in the upper tenth percentiles of mean daily minimum temperatures using 1961-277

1990 as a base.  Various emission scenarios are used for future projections and historical278

simulations.  The confidence intervals are calculated using numerous models and279

simulations.280
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281

282

Figure 3.  Changes in the amount of daily precipitation occurring in the upper five283

percentiles (heavy precipitation events) compared to the precipitation pattern during the284

period 1961-1990.  Various emission scenarios are used for future projections and285

historical simulations.  The confidence intervals are calculated using numerous models286

and simulations.287

...288

289

290

291
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294

295

Figure 4 Sea surface temperatures (blue) and the Power Dissipation Index for North296

Atlantic hurricanes (Emanuel, 2007)297
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298

299

Figure 5.  The projected change of intense non-tropical cyclones (mostly cold season300

storms) for various emission scenarios (adapted from Lambert and Fyfe; 2006).301

302

303


