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Abstract

Rates of temperature change in the Holocene geologic record are derived from Oxygen 18/16 ratios measured from the GISP2 ice core. The
modern rate of warming of 0.61°C/100 yrs is well within normal Holocene ranges. Over the last 8000 years the global temperature has very
gradually dropped 2.3° C. Rates of warming up to 1.55°C/100 years are measured. Rates of cooling appear to be lower than those of warming.

A problem in tying ice core data to modern satellite data to documented long-term global temperature trends lies with the unreliability of the
last century and half of instrumental data. These data have been contaminated by urban heat island effects, selective reduction of the number of
stations, and uncorroborated corrections to the raw data. The easy solution to this problem is to use only rural data.

Introduction

Geologists remain vitally interested in the debate over human effects on climate because they know and understand the history of climate
change. Geologists provide a numerical and data-driven baseline for all arguments that purport to demonstrate that modern rates and intensity
of climate change are unique in world history. It is the baseline derived from geologic history against which general circulation models
projecting temperature change must be measured, and the base upon which to identify unnatural changes, if any. Yet this baseline, although
easily accessible, is rarely cited.

Compounding this lack of rigor in temperature projections is the increasingly sparse net of instrument stations upon which correlation with
satellite information is based. Historical instrument data have been altered, making it difficult to calculate actual rates of change. This paper
attempts to provide a summary of data about Holocene rates of change and to suggest a more accurate method to use historical instrument data
to ascertain temperature trend and rate changes.
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Historical Rates of Change

Holocene temperatures (starting circa 10,000 BP [1950]) are best recorded in ice cores from Greenland and Antarctica. The data in this paper
are derived from oxygen isotope ratios reported from the Greenland GISP2 core (NOAA, 2010).

Ice core data are accurate only for the locality where the ice was formed, although the temperature changes are likely reflected throughout the
region (Johnsen et al., 1992).

GISP2 data are aggregated in twenty—year intervals. Because of that and the natural climate cycles, no time span of less than 100 years can be
useful for detection of climate-change-related temperature changes. Natural climate cycles of decadal extent are well known but occur with a
frequency that obviates their usefulness for discriminating climate change. Decadal climate cycles and other short-time periods are prone to
exaggerated rates of change owing to combinations of decadal oceanographic circulation pattern changes, volcanic eruptions, and similar
temporary shifts in heat exchange. GISP2 data truncate at 1980.

Gleissberg cycles (60-80 years) are more useful in that they reflect the approximate extent of human life spans. Millennial cycles are clearly
climate change cycles. Finally, the extent of the Holocene, approximately the last 10,000 years, is a record of climate change of an interglacial
episode, but difficult to relate to human history except by knowledgeable geologists and paleoanthropologists.

For all these reasons, this paper restricts calculations of temperature change rates to intervals of greater than one hundred years but less than
one thousand years, excepting the demonstration of accelerated rate changes for one short-time period and the over-all climate shift of the
Holocene (Table 1).

Discussion

Rates of both cooling and warming are highly varied. Intermediate term (100-1000 years) warming rates average more than double cooling
rates, leading to a “sawtooth” configuration of graphical representations of temperature change; that is, rapid rises in average temperatures are
followed by slower cooling (i.e., Fitzpatrick, 1995).

Very long-term (several thousand years) rates of change tend to be small (examples 9, 10, 11, Table 1), whereas very short rates can be of
highly variable and large (example 8, Table 1). A prosaic way of visualizing this phenomenon is to imagine walking up a flight of stairs
bouncing a yo-yo. The flight of stairs is a gradual and smooth rise representing a long-time slow rate of climate change, but the yo-yo makes
rapid and large movements for the small period of time it is moving in a particular direction, either up or down, representing the rapid and large
short-term changes superimposed on a slower rate of rise. It is necessary to distinguish between periods of climate change and of weather. For
the purposes of this paper, climate change is considered to take place over multiple decades. Shorter-term spans are regarded as weather cycles.



Over the last 9000 years, temperatures in Greenland have gradually cooled 2.68°C, at the rate of 0.028°C per 100 years. This represents
extraordinary stability in the ice core record.

The modern rate of warming is a low 0.61°C per 100 years (over the last 140 years, 1980 base). This can be compared with the run-up to the
Medieval Warm Event at 1.55°C per 100 years, a millennial cycle change, and 0.72°C per 100 years from the Little Ice Age to 1980. One short-
term warming rate of 2.23°C per 100 years was calculated (Example 8, Table 1). Such short rapid rates of change are interpreted to be a result
of ocean current changes, such as the El Nino and La Nina events and PDO or NAO events. Climate change should be measured on time scales
greater than Gleissberg (60-80 yr) events.

It should be noted that the rates and absolute values of temperature change based on oxygen isotopes are valid only for the location of the core
(Helsen, 2006). The median Holocene temperature at the GISP2 location is -31.45°C Greenland Summit). The current (1980) temperature is -
31.3°C. Extrapolation of the rates and values to other latitudes and elevations may require corrections (Helson, 2006). Anecdotal and
interpreted temperature variability in temperate zones documented by Lamb (1995) is interpreted to validate the calculated rates of change.

Much concern has been expressed about rapid and large temperature swings in the past (e.g., Fitzpatrick, 1995). These swings are associated
with the ends of glacial stages and are generally interpreted to be of orbital origin (Zahn, 2002; Naish et al., 2001).

It has been demonstrated that the rise in carbon dioxide concentration lags temperature rise by centuries (Caillon et al., 2003; Fischer et al.,
1999; Siegenthaler et al., 2005). It is clear that variation in carbon dioxide concentration cannot be the cause of such dramatic temperature
changes seen in the ice core record. Thus, present concerns about “tipping points” may be overstated.

Relating Rate of Change History to Present Records

Temperature data from satellites are now replacing land-based weather stations for inclusion in computer models. These digital data are very
useful, but they are not tied to oxygen isotope data because the satellite data have been available only since 1979. The tie between isotope data
and satellite data currently is the instrumental records from long-established land stations. Unfortunately, it appears that these data are no longer
sufficiently accurate to be relied upon for calculation of rates of temperature change.

There are four major problems with the instrumental record.
1. The location of instrument shelters has been degraded over time; so that many are in unsuitable locations, giving rise to anomalous
readings, usually warmer than ambient, owing to exposure to heat (e.g., from air conditioning vents or blacktop pavement) (Watts,
2009).
2. Urban stations are still included in the network used to determine global temperature, despite their being identified as warmer than
ambient, owing to their location in cities where heat is trapped by building, stone, and streets. The urban “heat island” effect has not
been removed from the data; rather it has been amplified (Long, 2010).



3. The data have been manipulated in ways that are not intuitive and which have given rise to lowering of older temperatures and
increasing recent temperatures (Morrissey, 2009). The rationale for these corrections (NOAA, 2010) admits that the corrections are
summed as they progress, resulting in greatly exaggerated cooling in early years and warming in recent years. Statistically valid base
data without extensive corrections are needed (Long, 2010) (Figure 1).

4. The loss of stations over time from the modeled data set is extensive and appears to be biased in favor of lower elevation and warmer
stations, resulting in warmer readings for recent times (Figure 2 ) (see also Willmott and Feddema, 1991, who calculated a +0.2°C bias
in the global average due to pre-1990 station closures).

The result of all these problems is that no credible temperature record for the 19" and 20™ centuries now exists. To solve this data gap, a new
network of long-record surface stations must be created containing only rural stations of unquestioned location, with corrections limited to
statistically valid calculated values from nearby stations to maintain data continuity.

As Long (2010) (Figures 3 and 4) has shown, the urban heat island effect is obvious. The effect includes both actual heat island effects, that is,
increased temperatures owing to retained heat and blackbody presence, but also corruption of the urban station data by inappropriate station
location during urban expansion (Aleo and Watts, 2010). Rather than correct for this effect, restricting the instrument data set used to rural
locations provides an uncontaminated base data set. As the graphs show, there is no strong indicator in the contiguous 48 states that an unusual
warming is occurring; rather, the major warm event was the rise from 1880 to 1936.

Summary

This article has attempted to solve the issue of competing visions of temperature history and identification of human effects on climate through
reconstruction of past temperature history. This was found to be difficult because instrument data for the last two centuries have not been
recalibrated to rural values. Rates of temperature change, however, may be extrapolated, and they demonstrate that for the period of 7800 B.P.
(1950) to 1980 current rates of temperature change are within historic norms. The current temperature is virtually identical to the median
temperature for that same period. A reconstructed rural temperature data set can resolve remaining issues.

Geologists have long known that climate changes constantly, in both directions and at many scales of intensity. The foregoing data argue that
there is no current climate change or rate change that has not occurred in the past nor will not occur again in the future. Human society must
adapt to climate changes.
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Darwin Zero Temperature "Homogeneity"
Adjustment by GHCN
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Figure 1. Darwin Zero Homogeneity Adjustments (from Eschenbach, 20090). Black line shows amount and timing of adjustments. The
instrument data demonstrate no temperature rise over 100 years, rather a half-degree cooling. The adjustments add 2.5°C to the instrument data
starting in 1940, virtually identical to the indicated “corrected” temperature increase. The correction is the temperature rise.
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Figure 2. Loss of cold Siberian stations resulted in a dramatic increase in global temperature reports. Stations changed, temperature did not.
Modified from McKitrick (no date given). In 1990 about 6000 surface stations were removed from the record. The same year the global
temperature is shown increasing more than 2°C. There appears to be a reverse relationship of increasing surface stations to lower average
temperatures, and vice versa, from 1950 forward.



Contiguous 48 Temperature Anomaly, Urban Raw Data Set
(1961-1990 reference period)
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Figure 3. Annual and 11-year average temperature anomaly of urban raw data set for the contiguous 48 states showing large temperature rise
from 1960 forward (from Long, 2010).



Contiguous 48 Temperature Anomaly, Rural Raw Data Set
(1961-1990 reference period)
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Figure 4. Annual and 11-year average temperature anomaly of rural raw data set for the contiguous 48 states (from Long, 2010). Note that the
1890 to 1965 curves are virtually identical, but they diverge forward; the urban curve rises sharply while the rural curve only slightly rises,
demonstrating the urban heat island effect.



Ex.  Period O™ units Temp. value Comment

1 1090 - 950 BP 1.45 2.16°C M WE warming
warm ing 1.55°C/100 yrs
2 190 BP — 1980 1.06 1.58°C LIA Modern

warm ing 0.72°C/100 yrs

3 110 BP — 1980 0.58 0.87°C Modern Change
warm ing 0.61°C/100 yrs
4 1970-1750 BP 1.04 1.55°C Rom an cooling
cooling 0.71°C/100 yrs

5 950-590 BP  1.16 1.73°C Ist post-MWE
cooling 0.48°C/100 yrs

6 950-190 BP  1.49 2.22°C M WE-LIA

cooling 0.29°C/100 yrs

7 950-370 BP  1.19 1.78°C 2nd post-MWE
cooling 0.29°C/100 yrs

8 530-590 BP  0.90 1.34°C Short-term example
warm ing 2.23°C/100 yrs

9 15650-7810 BP 8.8 13.13°C Pre-Holocene

warm ing 0.17°C/100 yrs

10 10870-7810 BP 3.71 5.53°C Holocene warm jump
warm ing 0.18°C/100 yrs

11 7810 BP — 1860 1.8 2.68°C 10,000 yrs of cooling

cooling 0.028°C/100 yrs

Table 1. Rates of temperature changes from GISP2 Ice Core. Temperature calculations performed based on the formula of Johnsen et al.
(1992). A permutation of that formula permits measuring the change in temperatures corresponding to: 8'*'°0/0.67 = 8T (C). MWE =
Medieval Warm Event. LIA = Little Ice Age. Roman = Roman Warm Event.





