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Earth’s climate is undergoing profound changes. Understanding and assessing these 
changes requires insight from the past. The period since 1700 is of particular relevance 
because Earths climate underwent a transition from the Little Ice Age climate to the era 
of anthropogenic global warming. Moreover, pronounced climatic excursions occurred 
on interannual and decadal time scales, and atmospheric composition changed. Recent 
developments in the fields of palaeoclimatology and historical climatology -  high
resolution climate proxies, climate model simulations, and numerical techniques such 
as data assimilation -  allow a much more detailed analysis of climatic changes of the 
past centuries than possible only a decade ago. Climatic Changes Since 1700 -  the title 
honours the 1890 book by the same title of geographer Eduard Brückner -  covers data 
and methods used to study climate of the past centuries, summarises the mechanisms 
behind interannual to multidecadal climate variability and provides an overview of 
global climate history since 1700 based on new data sets and model simulations.

Environment

* springer.com



Contents

1 Introduction....................................................................................................  1

2 The Basis: Past Climate Observations and Methods............................... 9
2.1 Observations of Weather and Climate...................................................  9
2.2 Historical Climate Observations........................................................... 12

2.2.1 Documentary and Early Instrumental Data............................  12
2.2.2 From National Weather Services to a Global

Observing System ...................................................................... 15
2.3 Upper-Air and Satellite Observations...................................................  17
2.4 Data Dissemination in the Course of T im e.......................................... 19
2.5 Uncertainties in Climatic D a ta .............................................................. 23

2.5.1 Uncertainties and Errors in Measurement Series.................... 23
2.5.2 Inhomogeneities and Homogenisation.....................................  26
2.5.3 The Chain of Uncertainties........................................................ 29

2.6 Data Products and Dynamical-Statistical Methods.............................  30
2.6.1 Spatial Information and Geostatistical M ethods.................... 30
2.6.2 Data Assimilation and Reanalyses...........................................  34

2.7 Climate M odels....................................................................................... 38
2.7.1 Characteristics of Climate M odels...........................................  38
2.7.2 Types of Climate Models and Experiments............................  44
2.7.3 Downscaling, Nudging, and Other Techniques.......................  47

2.8 Palaeoclimate Information and Techniques.......................................... 48
2.8.1 Climate Proxies..........................................................................  48
2.8.2 Problems Arising When Working with Proxies......................  52
2.8.3 Calibration and Modelling of Proxies .....................................  54
2.8.4 Climate Reconstructions ........................................................... 56
2.8.5 Data Assimilation in Palaeoclimatology..................................  59

2.9 Datasets Used in This B ook................................................................... 62
2.9.1 Overview....................................................................................  62
2.9.2 Observations and Reanalyses...................................................  62
2.9.3 Model Simulations...................................................................... 64

xi



xii Contents

2.9.4 Reconstructions and Offline Assimilation...............................  65
2.9.5 Conclusions................................................................................. 68

3 The Machinery: Mechanisms Behind Climatic Changes ...................... 71
3.1 Basic Climate Physics: The Mean S ta te ..............................................  72

3.1.1 Energy Budget and Heat Transport.......................................... 72
3.1.2 The General Circulation of the Atmosphere............................ 76
3.1.3 Stratospheric Circulation...........................................................  85
3.1.4 The Ocean, Air-Sea and Land-Sea Interactions...................... 93

3.2 Expressions and Mechanisms of Climate Variability..........................  101
3.2.1 Statistical and Physical Perspectives of Climate

Variability ..................................................................................  101
3.2.2 Overview of Circulation Variability M odes............................  103
3.2.3 The North Atlantic Oscillation (NAO).....................................  104
3.2.4 Variability Modes in the Pacific and the Southern

Hemisphere................................................................................. 108
3.2.5 Extratropical Circulation Variability Modes

and the Stratosphere................................................................... I l l
3.2.6 Tropical Variability Modes: El Nino-Southern

Oscillation (ENSO)....................................................................  113
3.2.7 Variability Modes in the Atlantic and Indian O cean..............  119
3.2.8 Decadal Climate Variability Modes.......................................... 120

3.3 Forced Climatic Changes.......................................................................  123
3.3.1 Volcanic Effects..........................................................................  123
3.3.2 Solar Influences..........................................................................  136
3.3.3 Well-Mixed Greenhouse Gases ................................................  145
3.3.4 Tropospheric Aerosols and Reactive Trace Gases .................  150
3.3.5 Land Surface...............................................................................  157

3.4 Coupling Between Systems and Feedback Mechanisms....................  161
3.4.1 Interaction Within the Machinery............................................. 161
3.4.2 Feedbacks Involving Water Vapour and Clouds...................... 163
3.4.3 Feedbacks Involving Freezing Water: Arctic

Amplification and the Cryosphere...........................................  164
3.4.4 Water as a Reactant: The Role of the Hydroxyl Radical........ 164
3.4.5 Feedbacks Involving Evaporating Water: Land

Surface Feedbacks......................................................................  165

4 Climatic Changes Since 1700 ...................................................................... 167
4.1 Climatic Changes of the Past Centuries: An Overview...................... 168

4.1.1 The Last Millennium.................................................................  168
4.1.2 An Overview of Climatic Changes Since 1700:

Brükner’s View ..........................................................................  171
4.1.3 Climatic Changes Since 1700 in Climate Reconstructions ... 174
4.1.4 Climatic Changes in CCC400 and EKF400............................  185
4.1.5 Drivers of Global Climate Since 1600...................................... 193



Conients

4.2 The Period from 1700 to 1890: The Little Ice Age.............................  197
4.2.1 Climate of the 18th and 19th Centuries...................................  198
4.2.2 The Maunder Minimum: A Compelling Case

for Solar Forcing?.......................................................................  201
4.2.3 The 1790s: Temporary Warmth and Strong

Tropical C irculation................................................................... 205
4.2.4 Tambora Eruption, Dalton Minimum, and the Year

Without a Summer of 1816........................................................  210
4.2.5 The Maximum State of Alpine Glaciers in the 1850s.............. 216
4.2.6 Global Droughts During 1876-1878 and El Nino..................  221
4.2.7 Frequent Flooding in the Central European Alps:

1830-1880s................................................................................. 226
4.2.8 The Broad Lines: The Little Ice A g e ....................................... 229

4.3 The Period from 1890 to 1945 : Out of the C old..................................  230
4.3.1 Global Drivers and Global Changes........................................  231
4.3.2 The Warming of the European Arctic from the

1910s to the 1940s...................................................................... 237
4.3.3 The “Dust Bowl” Droughts of the 1930s................................. 243
4.3.4 Global Climate Anomalies During the 1939-1942

El N ino........................................................................................  250
4.3.5 The Broad Lines: Out of the Cold ...........................................  254

4.4 The Period from 1945 to 1985: Delusive S tability.............................  259
4.4.1 Global Drivers and Global Changes........................................  260
4.4.2 Changes in Atmospheric Constituents.....................................  262
4.4.3 European Summers of 1945-1949...........................................  267
4.4.4 Sahel Pluvial and Drought.........................................................  273
4.4.5 The Climate Shift of 1976/1977 ............................................... 276
4.4.6 The Broad Lines: Delusive Stability........................................  279

4.5 The Period Since 1985: Accelerated and Slowed Warming...............  283
4.5.1 Global Drivers and Global Changes.......................................  284
4.5.2 The Ozone Hole..........................................................................  289
4.5.3 Eruption of Pinatubo................................................................... 296
4.5.4 Warm European Winters, Increased Storminess

and Positive NAO in the 1990s...................................................  300
4.5.5 The El Nino of 1997/1998, Forest Fires and the

Atmospheric Brown Cloud........................................................  305
4.5.6 Droughts in Australia and the Northern Subtropics.................  308
4.5.7 Megaheatwaves..........................................................................  310
4.5.8 Recent Arctic Warming..............................................................  312
4.5.9 The Global Warming Hiatus ..................................................... 316

5 Conclusions ....................................................................................................  323

Xlll

References 327


