1.
GENERAL DEVELOPMENTS IN CLIMATOLOGY

1.1
The definition of climate

The IPCC provides the following definition of “climate” in its Glossary.

Climate

Climate in a narrow sense is usually defined as the “average weather” or more rigorously as the statistical description in terms of the mean and variability of relevant quantities over a period of time ranging from months to thousands or millions of years. The classical period is 30 years, as defined by the World Meteorological Organization (WMO). These relevant quantities are most often surface variables such as temperature, precipitation, and wind. Climate in a wider sense is the state, including a statistical description, of the climate system. ‘Climate’ is defined as an average condition over 30 years of ‘weather’ components such as temperature, pressure, humidity, precipitation, cloudiness, major wind direction, etc.

There is a clear ambiguity in this definition.  Its first sentence says “climate” is “average weather” that may be assessed “over a period of time ranging from months to thousands or millions of years”.  But the final sentence of the above definition asserts that “climate” is “defined as an average condition over 30 years of ‘weather’ components”.
So, which is true, any period of time “ranging from months to thousands or millions of years” or “30 years”?

The ambiguity arises from confusion of “climate” and the “classical period of climate”.  

“Climate” is “the statistical description in terms of the mean and variability of relevant quantities over a period of time ranging from months to thousands or millions of years”, and the IPCC uses this definition.  For example, the IPCC used this definition in its 1994 WGI report when it considered adjacent 5-year periods to observe change in climate.  Also, there is a typical climate for January in England obtained by averaging the weather parameters (i.e. temperature, preciptation, etc.) of Januarys in England over several years.  A 'January climate' has a length of one month.

Any number of years can be averaged for a climate value.  HadCRUT3, GISS, etc. data sets report annual global temperature (i.e. climate data obtained over each of a series of years:  one year climate data) but often add 5 or 10 year running means to graphical presentations of their data.
But 30 years was adopted as an arbitrary standard (i.e. the “classical period of climate”) in the year of the International Geophysical Year (the IGY was in 1958 and it was thought that 30 years of climate data had then been amassed).  This “classical period” permits a base-line for comparison of climate data.  For example, the HadCRUT3, GISS, etc. data sets of annual global temperature each report global temperature changes as differences from a 30-year average.  These differences permit direct comparisons between the data sets.  However, if 30 years were used as the minimum time period for assessing global climate then we would only have 4 data points for global climate because mean global temperature is only estimated for since about ~1860.  
A particular climate is time dependent. The Introduction mentioned the relatively warm Roman and Medieval periods and the little ice age which reached into the middle of the 19th century. A 30-year weather average may be appropriate to use when considering such long periods (assuming that the weather data can be obtained).
‘Global climate’ is an especially problematic concept.  Climate is strongly bounded to a particular location or region. One speaks e.g. of a continental or sea climate, a tropical or a moderate climate. 
It is of importance to distinguish among local climates and an average global climate. Temperature is considered (e.g. by IPCC) to be an important indicator of a climate condition. The temperature differs strongly between tropical moderate and polar zones, changes during day and night, per month, season and year. Therefore, an average has to be calculated over 24 hours, a month and a year, to use temperature as an indicator for local climate variability. For fundamental reasons the reference to an ‘averaged’ temperature has its limitations to describe a heterogenic system that never occurs in an equilibrium state. Consequently a calculated global average will always have an inaccuracy of the order of magnitude of several tenths of degrees C.  And, consequently, a calculated mean global temperature variation is not necessarily an accurate indication of variation to energy flow in and out of he Earth’s climate system.
The situation is different over a geological time scale.  Large temperature variations can be deduced over periods of hundred and thousands of years from detected changes to vegetation, the chemical composition of minerals and bones,  etc.. 

1.2.
The state of the science in the middle of the 20st century. 

The climate in a particular zone is basically determined by five major elements:

1. The locally received radiation energy from the sun, which is strongly determined by latitude.
2. The reflection of radiation energy from the sun by cloud cover and the Earth’s surface.
3. The local distribution of land and sea.
4. The topography of mountains which limit the meteorological interactions of climate zones.
5. The movement of the major ocean currents and up welling from the deep sea.

Also, on a micro scale, the vegetation and the presence of lakes, cities and industrial activities.
A particular state in a climate zone is also established by the transport of energy by horizontal and vertical air movements in the atmosphere and water movements in the oceans.  For example, the polar regions are net emitters of radiation because they obtain significant heat from air and water movements.  The temperature difference between the poles and the equator would be very large (several hundreds of degrees C) in the absence of an atmosphere and the transport of energy over the borders of the climate zones. 
However, the influence of the atmosphere has a chaotic nature, and it is difficult to predict because of the variability of winds, the movement of cyclones and anticyclones, and differences with respect to rise and fall of humidity.  The largest horizontal energy transport is performed by the ocean currents, because of the large heat capacity of water.  As a result, the sea currents have a strong stabilising effect on the climate in countries located near to a sea. It should be noted that about 70% of the Earth’s surface is covered by oceans. Nevertheless, the chaotic nature of the atmosphere’s behaviour is large in the moderate climate zones in the Northern hemisphere. 
Despite the complexity of the natural climate processes, by 1960 a considerable insight had been developed on the world wide influences of the winds on the climate in particular climate zones over the last 10,000 to 1,000 years.  This is demonstrated by the following quote from Encyclopeaedia Britannica published in1964 that is titled ‘Summary: Climate change during the Christian Era’.
“The broad pattern of climate change since the end of the ice age is consistent with the hypothesis of an alternate weakening and strengthening of the planetary atmospheric circulation, associated with alternate poleward an equatorward shifts of the wind zones. At times of minimum circulation the circumpolar belt of west winds contracts, and anticyclones are frequent in middle latitudes.  Winds are variable, rainfall is small and the climate continental, with cold winters and hot summers. When the circulation is stronger, westerly winds predominate, storms are more frequent and penetrate to lower latitudes, the rainfall is heavier and climate more oceanic.  This with a few short interludes, was the general condition during the subatlantic  and after about A.D. 1200.”
1.3
Developments since 1965

The most interesting developments in climate science in the last 50 years have been in the field of atmosphere-sea interactions. It is now rather well established that the climate variability in NW Europe is largely determined by the North Atlantic Oscillation (NAO). The parameter is a periodical change in the atmospheric pressure difference between Iceland and the Azores which is accompanied by a variety of weather events. A more important periodic change with world wide effect is the Pacific Decadal oscillation (PDO), and in 1998 a strong influence was registered (by the El Nino current) that elevated the mean global temperature to a level unprecedented for several hundred years. It is unlikely that this effect in 1998 was the result of a direct influence of the radiation energy received from the Sun, but as will be explained in subsequent chapters, the indirect influence of the Sun on the weather and ocean systems is currently the subject of interesting research. The 1998 El Nino event suggests that the oceans, especially the deep sea, are an important heat reservoir that can influence local atmospheric temperatures. 
[Other developments to be mentioned shortly?]

The so-called ‘greenhouse effect’ is the theory that the Earth’s surface is warmed by IR irradiating substances (especially water vapour and clouds, and to a lesser extent gasses like CO2 and CH4) that produce down welling radiation which keeps the surface at a higher average temperature than it would have in their absence. As early as 1886 Arrhenius developed the theory that a rise of atmospheric CO2 concentration could cause the Earth’s surface temperature to rise, and this is the theory of the so-called enhanced greenhouse effect of the atmosphere.  This theory was contested by Angstrom in 1900 but was revived in the middle of the 20th century by proponents of AGW modelling. (See chapter XXX). But in 1960 there was still little attention being given to the theory of enhanced greenhouse effect. Geologists had deduced that the rather large temperature changes (~10oC) between glacials and interglacials are accompanied by a considerable rise of atmospheric CO2 concentration (~100 ppmv). Recent research indicates that changes to the CO2 follow changes to the temperature (and not the reverse) when there is a change from a glacial to an interglacial. And there is a very plausible explanation for this:  an average temperature rise of 10 degrees will decrease the solubility of CO2 in the boundary layer of the ocean and cause a 100 ppm rise in the atmosphere (and the transition from glacial to interglacial may be induced by cosmic effects). 
The greatest recent advancement in the field of climatology has been the improvement of technology to conduct measurements on a world wide scale. Since 1980 numerous satellites have been circling the globe and observing it with sophisticated instrumentation. 
Also, each day about a thousand weather balloons are used to obtain measurements throughout the atmosphere up to an altitude of 10 km. 
Unfortunately, global coverage of measurements in the oceans has not been achieved. Observations have been limited to a number of expeditions over the oceans from pole to pole in the 1930s and more recently in the 1990s. But recently a network of buoys has been established and interesting results on the behaviour of ocean currents at all depths can be foreseen in the near future. 
Great advance has been made in the handling of climate data, thanks to development of sophisticated computers with ever increasing storage capacity. A special application of computers is to use them to simulate natural processes numerically. This modelling is now used in almost any branch of the sciences. However, the computer modelling represents a virtual – and not necessarily the real – world. The outcome of a computer simulation is largely dependent on the data and theoretical presumptions which are use as input. In climatology it is a serious problem that many complex physical processes are involved, and their mathematical description is far from simple. The development of computer analyses has improved the ability to predict weather in specific regions of the moderate climate zone up to four to seven days in advance. 

1.4
Today’s scientific controversy on causes of climate change.  
Any consideration of the progress made on the understanding of the origin of climate variability must give some attention to the focus of attention on the role of CO2 in the establishment of the greenhouse effect that is asserted by IPCC.  According to the IPCC assertion, increased CO2 in the air must have resulted in enhancement of the greenhouse effect with resulting increase to mean global temperature in recent decades.
The IPCC’s attribution of a role to CO2 in the current temperature rise since the little ice age, is largely based on modelling.  That temperature rise coincides with a rise of CO2 in the air and this with increased fossil fuel burning. There is as yet no proof in situ as to what extent CO2 contributes to increased down welling radiation from the atmosphere to the Earth’s surface. According to the AGW modelling the CO2 may have an influence. The scientific dispute concerns whether that influence is significant when compared to the natural climate variability. 
Therefore, the following chapters of this paper give especial emphasis to our current insight into the origin of natural climate variability. And the considerations of this paper are especially based on observations (and what can be logically deduced from those observations) and not on numeric modelling which uses presumptions.
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