Contents

Preface ... ..o s ix
List of figures ... ... s xiii
Listof tables ...... ..o Xvii
List of abbreviations and acronyms ...................coiiiiiiiiiiiiiii Xix
1 Climate and climate variability ............................ 1
1.1 INtroduction ..........ooiiii e 1

1.2 Definition of climate ............cooiiiiiiiiiii e 1

1.3 The climate SYSteM ......ovuuiiiii e, 3

1.3.1 Components of the climate system ..............ccceeevvvennnnnn.. 3

1.3.2  General circulation of the atmosphere ..................c.oooiinnet. 4

1.3.3 General circulation of the oceans .................ccooeviiiiiin.. 8

1.4 Climate variability ..........ooiiiiiii e 12

1.4.1 Internally driven and externally forced variability .................. 12

1.4.2 Interplay between regional and planetary climate .................. 16

1.5 SUMMATY .. ettt e et eeeeas 22

1.6 REfErences ......oouiiiniiii e, 23

2 Marine weather phenomena ..........................ooiieeee. 2T
2.1 INtrodUCtiON ...t e 27

2.2 Mid-latitude storms and storm tracks ...............coooiiiiiiiiiiiiiiiienn, 27

2.3 Tropical CYCIONES ....vnttit e e e e e e 35

24 Wind-generated WaVes .........couiiuiiiiiiiiiiiii e 44

241 INtrodUCtiON .....oveiietiiie e et eeeeree e 44

2.4.2 Long and short-term variations of the sea state ....................... 48

2.4.3 Freak Or TOZUE WAVES ...vvvnuiieeiteteeieeieeteeneeeneeeeeenieeeanes 51

2.5 Tides, storm surges, and mean sealevel ..o, 57

2.5. 1 SEOTI SUIZES .ottt ettt et eate et e e e e e aee e e e eaaeenaees 57

2.5.2 0 TIACS vttt 66

253 Meansealevel .....ooooiiiniiiiiii 69

N RN 111111 11 | PSP 71

2.7 RETOIEINCE ...t e 73

3 Models for the marine environment ...t 77
3.1 INtrodUCtiON .. ..ot 77

3.2 Quasi-realistic MOdeling ........ovuiiiiiiiii i, 79

3.3 Climate MOdEILS ......eiii e 82

3.3.1 General circulation models .............coeviiiiiiiiiiiiiiiiaa, 83

3.3.2 Global climate models ............cccoviiiiiiiiiiii 87

3.3.3 Regional climate models ............ccceviiiiiiiiiiiiiii e, 90

34  Wind wave models ..........ooiiiiii 96

3.4.1 The Wave SPECIIUM ......vienettet et et e eeeaieeaaaans 96

3.4.2 Equation for wave €nergy .........cooueiiuiiiiiiiiiiiiiiiiieaieaiens 98



3.4.3 Frequently used parameters to describe the sea state .................. 102

3.5 Tide-surge models .........ovuuiiiii e 103
3.5.1 Shallow-water €qUAtIONS .......c.evvrteerieiteeieeieeeineeneeannenn. 105

3.5.2 Performance of tide-surge models ............cooceviiiiiiiiiiiiiiin, 106

3.6 SUMMATY .. ettt e et e e e 107
3.8 References .....co.einiiiii 108
4 How to determine long-term changes in marine climate ........................... 113
4.1 INtrodUCHION ....uuit e 113
4.2 Problems with data quality ............cooiiiiiiii i, 114
4.2.1 Data hOmOZENEILY ...ouuuiieieiitei e eee e 115

422 Dataavailability .........cooiiiiiiii e, 118

4.2.3 Operational weather analyses and other derived data sets ............ 121

4.3 Proxy data ..o 124
4.4  Global reanalyses and reCONSIIUCHIONS ......vuuiienteeieeerieeiieeineeaineennnns 142
4.4.1 Can global climate trends be estimated from reanalyses data? ........130

4.4.2 The NCEP/NCAR Global Reanalysis ............cccevuiieiieiinnn... 135

4.4.3 Other global reanalySes ..........ccocevviiiiiiiiiiiiiiiiiiii e 140

4.4.4 Regional reanalyses and reconstructions ..............ceeeeeeneennn... 142

4.5 Regionalization techniques ..............cooiiiiiiiiiiiiiii i, 144
4.6 Scenarios and ProJECtiONS .......e.ueerrieete et et e eaeeaieenaeenann 149
4.7 Detection and attribution ...............ccoieiiiiiiiiiiiii i 151
4.7.1 The detection problem ............coviiiiiiiiiiiiiiiiiiiii e, 152

4.7.2 The attribution problem ..o 153

4.7.3 Trends and detection .............ooueiuiiiiiiiiiiiiii e, 154

4.8 SUMMATY ..o e 156
4.9 REfErenCes ....ooueiii i 158
5 Past and future changes in wind, wave, and storm surge climates .............. 165
5.1 INtrodUuCtion .......o.oiie i 165
5.2 Mid-latitude cyclones and storm tracks ..............c.ooiiiiiiiiiiiiiii 166
5.2.1 Pastchanges and variability ................coiiiiiii 166

5.2.2 FUuture Changes .........ooouiviniiiiie e eaeen 171

5.3 Tropical CYCIONES ...ttt e 173
5.3.1 Pastchanges and variability ...............coooiiiiiiiiiiii 173

5.3.2 Future Changes ........coooueiiiiiiiiii i 176

5.4 Wind-generated WaVeSs ........c.evuiirntteitenteeteeieeaiteeiteeneeaiaeannens 180
5.4.1 Pastchanges and variability ... 180

5.4.2 FUuture Changes .........coouiiiniiiieii e 184

5.5 Tides, storm surges and mean sealevel ... 187
5.5.1 Meansealevel ......coouoiiiiiiiii 187

5.5.2  SEOIM SUIZES . ennttintit ettt et et et eaees 192

553 TRACS nenneiei e 194

5.6 SUMMATY ..o e 195
5.7 References .......ooneiii 196
APPEIAICES ... ..o e 205
AT Scale analysis .....o.oouuiiniiiii e 205
A2 GeoStrophic WINd .........ovtiiieiiit i e 207
A.3  Geopotential height and pressure as vertical coordinates .................. 210
A4 Thermal Wind .......oo.oiii i 211
A5 Listof SymbOIS ... 212
A6 REEIeNCES ....uotii i 213
IndeX ... 215



