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Abstract. Paleoclimatic reconstructions for the Mid-Holocene, Eemian, Mid-Pliocene and the Last 
Glacial Maximum are used to test the paleoanalog hypothesis and develop a regional climate change 
scenario based on a linear scaling by one parameter - the mean Northern Hemispheric temperature 
change with respect to present, ATNH. The empirical verification of the paleoanalog hypothesis is 
extended to a cold epoch for zonal means and to regional distributions of temperature in warm 
epochs. The best agreement among the scaled paleoanomalies from different epochs is obtained if 
the seasonal temperature anomalies are scaled with ATNH of the corresponding season. Preferential 
areas are identified where the paleoanalog hypothesis works relatively well; these areas coincide with 
the areas of the most pronounced warming. It is shown that the geographical distributions of the 
winter temperature anomalies over land in the paleodata are similar to those in the 1980-1990 period. 
From the three warm epochs, a paleodata-based scenario is deduced for the spatial distribution of 
temperature in a future climate, on the scale of continents. The conditions under which scenarios 
based on paleodata can be applied are discussed. 

1. Introduction 

As an alternative to GCM-simulations (IPCC, 1990), the paleoanalog method is 
sometimes applied to produce climate forecasts of an anthropogenically warming 
Earth (IPCC, 1990; Giorgi and Mearns, 1991; Budyko et al., 1992; Shabalova and 
Selyakov, 1993),The basic assumption of this method is that the globally averaged 
mean annual temperature, being an integral energy characteristic of the planet, is 
the key climate parameter that determines uniquely the large scale structure of an 
equilibrium climate realization (Budyko et al., 1978; Budyko and Izrael, 1991). 
Given the present climate, this assumption implies that in first approximation 
anomalies of temperature in a warmer or cooler climate should exhibit a unified 
structure if they are scaled with the value of global temperature change. If this 
paleoanalog hypothesis verifies, paleoclimatic reconstructions of past warm or 
cold epochs may under certain conditions be used to get a notion of future regional 
climatic change, at least for the equilibrium case. 

So far the paleoanalog hypothesis has been tested empirically only for zonal 
mean temperatures of various warm epochs (Budyko and Izrael, 1990; Hoffert and 
Covey, 1992), and for some individual regions (Shabalova and Selyakov, 1993). 
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Direct verification of the hypothesis for spatial temperature distributions or for 
other elements has not been carried out, although GCM equilibrium simulations 
suggest a proportionality of the amplitude of some regional climate characteris- 
tics to the value of global warming, ATg (IPCC, 1990, p. 157). In this paper the 
empirical verification of the paleoanalog hypothesis is extended to regional distri- 
butions of seasonal temperatures and different scaling parameters are tested. From 
the paleoreconstructions of three warm epochs, a paleoanalog-based scenario is 
deduced for the spatial distribution of temperature in a future equilibrium climate, 
on the scale of continents. It is shown that in winter the anomaly patterns in the 
warm 1980-1990 period have a similar structure over land. 

The results of this paper rely heavily on the reliability of the Russian paleore- 
constructions. Since the literature about this is not easily accessible to non-Russian 
readers, the next section summarizes the Russian work on paleoreconstructions. In 
section 4 the actual tests of the paleoanalog hypothesis on several levels is described 
and the anomalies in the 1980-1990 period are analyzed. Section 5 discusses under 
what conditions the anomaly patterns may be used as a climate change scenario 
and section 6 summarizes our conclusions. 

2. Russian Paleoclimatic Reconstructions 

In past years, much attention in Russia has been given to the climatic reconstructions 
for the Mid-Holocene (5-6 kyr B.R; global warming ~1 °C) Eemian (120-125 kyr 
B.R (stage 5e); ~2  °C), Mid-Pliocene (3.3-4 Myr B.R; ~4 °C) and Last Glacial 
Maximum (18-20 kyr B.E; Northern Hemisphere summer warming ~ - 5  °C) 
(Barash, 1971, 1985, 1988; Barash etal . ,  1980, 1983, 1987; Velichko, 1985, 1988, 
1989; Velichko et al., 1983, 1984, 1992, 1993; Zubakov and Borzenkova, 1988, 
1990; Borzenkova, 1990, 1990a, 1992). A separate list of references refers to the 
Russian sources. Reconstructions of more distant periods like the Eocene (48-45 
Myr B.E; global warming ~10 °C), Maastrichtian (70-66 Myr B.R; ~7 °C) or 
Santonian-Coniacian (88-92 Myr B.R; ~ 10 °C) climatic optima are also performed 
(Borzenkova, 1992; Velichko and Chapaluga, 1987; Yasomanov, 1978; Krashen- 
nikov and Basov, 1985; Vakhrameev, 1988), but for the present study they cannot 
be used either because of their current lack of spatial details or because of the geo- 
graphical incompatibility with the present epoch. The reliability of paleoclimatic 
data has been discussed extensively in CLIMAP (1976, 1984), Velichko (1985), 
Martinson et al. (1987) and Crowley and North (1991). The interpretation of the 
data in terms of temperature and precipitation distributions is done by Borzenkova 
(1992). Her summer and winter maps of reconstructed temperature distributions 
of the Mid-Holocene, Eemian and Mid-Pliocene were recently published also in 
English (Borzenkova et al., 1992). In these reconstructions, the sea water tempera- 
tures in the Mid-Holocene are based on data by Barash et al. (1987), Duplessy et al. 
(1981) and Balsam (1981) for the North Atlantic; Nesteroff (1983) for the Mediter- 
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ranean; Taira (1979) and Pletnev (1985) for the Pacific. The sea water temperature 
reconstruction for the Eemian is based on CLIMAP data (1984) supplemented 
with data by Barash et al. (1983), Barash et al. (1987), Blum (1982), Blum et al. 
(1987), Nikolaev (1986), Nikolaev et al. (1983), Dansgaard and Duplessy (1981) 
and Labeyrie et al. (1987). The data indicate that the Mid-Holocene ocean was 
slightly warmer than present (see also Lutaenko (1993) and Yafeng (1993)), with 
a higher sea level; the same holds for the Eemian. 

For the Southern Hemisphere (SH) temperature reconstruction of the Eemian, 
Borzenkova (1992) assumed a synchronous Warming in both hemispheres during 
the isotopic stage 5e. However, Crowley (1990) and Imbrie et al. (1992) present 
evidence of a time lag of about 5 kyr in the occurrence of the maximum of warming 
in oceanic site RC11-120, 44 S. It is not clear whether this feature is characteristic 
for the whole Southern Ocean, because other SH deep-sea records from SPECMAP 
Archive, e.g. site RC13-228 (22 S) or RC12-294 (37 S) exhibit a warming which 
is in phase with the Northern Hemisphere (NH). An out-of-phase warming of the 
poleward Southern Ocean would imply that Borzenkova overestimates the global 
temperature in the Eemian by some tenths of a degree. The magnitude of the 
reported time lag has still to be confirmed, as the accuracy of the high-resolution 
deep-sea chronology is a few kyrs for the Eemian (Martinson et al., 1987). 

The actual Borzenkova's maps show patterns on the scale of continents. Al- 
though the original data are highly unevenly distributed over the globe with relative- 
ly few sea points, it is claimed that the combination of volume and intrinsic uncer- 
tainty of the data indicate that for the Northern Hemisphere patterns of that scale 
can be resolved successfully, at least over land areas. The present analysis of the 
divergence of the scaled paleodata (Section 4, Figures 4, 5) supports this claim. 

3. Data Processing 

The present work used the digitized paleoclimatic reconstructions of winter and 
summer temperatures of the Mid-Holocene, Eemian, Mid-Pliocene and the Last 
Glacial Maximum by Borzenkova (1992). These are gridded data over the whole 
globe of the temperature difference ~ST with present (1951-1980), with a resolution 
10 degrees in latitude and 20 degrees in longitude. For the various epochs, the 
mean global temperature anomaly, ATg, and the mean Northern Hemisphere (NH) 
temperature anomalies ATNH for summer (JJA) and winter (DJF) were calculated 
by averaging the points (see Table I); no distinct annual variation in ATg was 
found. For the Last Glacial Maximum, only summer temperature anomalies for the 
Northern Hemisphere are available. 

The mean zonal NH temperature anomalies dT were calculated with a resolution 
of 10 degrees of latitude. The values of the local seasonal temperature anomalies 
8T and the zonal ones dT were scaled (divided) by ATg or another appropriate 
parameter of Table I. Shared patterns in (ST/ATg or (ST/ATNH could be detected 
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TABLE I 
Temperature difference with respect to the norm period (1951-1980), °C 

A Tg A TNH A TNH(land) A TNH(ocean) 
summer winter  summer winter summer winter 

Mid-Pliocene 3.7 3.2 4.4 3.0 5.5 3.3 3.7 
Eemian 1.8 1.5 2.0 1.7 2.7 1.4 1.5 
Mid-Holocene 1.0 0.9 1.1 1.0 1.4 0.8 0.9 
LGM - --4.7 - -6.8 - -2.6 - 
1980's 0.23 0.13 0.28 0.23 0.55 0.06 0.10 

ATg - global mean temperature; 
ATNH -- Northern Hemisphere seasonal temperature; 
ATNH(land) - land only, ATNH(ocean) -- ocean only. 

by averaging the results of the different epochs and comparing the average with 
the mean deviation that follows from the fields of the individual epochs. 

Current temperature anomalies ~ST (1980-1990; reference period 1951-1980) 
together with standard deviations are obtained from World Climate Disk (1992). 
According to this database, the last decade 1980-1990 was very warm, with a 
global mean annual temperature ATg of 0.23 °C over the 1951-1980 normal (see 
also IPCC, 1992). The seasonal warming in Northern Hemisphere ATNH was about 
0.3, 0.2, 0.1 and 0.1 °C over the normal for winter, spring, summer and autumn 
respectively. Over the NH extratropical ocean the temperature anomaly dT was 
almost zero in each season. Over land, the mean NH warming ATNij(land) was 
0.55 °C in winter and in other seasons less. 

4. S c a l e d  T e m p e r a t u r e  D i s t r i b u t i o n s  

Figure 1 shows for the past three warm epochs the scaled difference in zonal mean 
summer and winter temperatures with present, as a function of latitude qS. In Figure 
la,  the scaling in each epoch is done with ATg of that epoch (see also Hoffert 
and Covey, 1992; and Budyko and Izrael, 1990); in Figure lb the scaling is done 
with ATNH, which is seasonally dependent (Table I). Also depicted is the universal 
paleo-warming curve of  Hoffert and Covey (1992): 

dT /ATg  = 3.21 sin4(¢) + 0.36, (1) 

based on the data from the same three warm epochs as in Figure 1. 
The summer points in Figure l a  are mostly below the universal curve (Equation 

(1)) and the winter points above i t. Figure lb demonstrates that a better agreement 
is obtained if the scaling factor ATg in Equation (1) is replaced by seasonally 
dependent parameter ATNH. The new scaling reduces the residual variance o -2 of  
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Fig. 1. Top: Mean zonal warming dT (reference period 1951-1980) for winter and summer of 
three warm epochs, scaled with the mean global warming ATg of the corresponding epoch; Bottom: 
Mean zonal warming dT for winter (DJF) and summer (JJA) of three warm epochs and the Last 
Glacial Maximum (LGM), scaled with the mean Northern Hemisphere seasonal warming ATNH of 
the corresponding epoch. The universal warming curve suggested by Hoffert and Covey (1992) is 
shown as a solid; the modified curve from Equation (2) is dashed. 
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the points by 40%. Another 20% reduction of a2 can be obtained by replacing 
Equation (1) by 

dT/ATNH = 3.6 sine(@ + 0.28 (2) 

Both the curves of Equation (1) and Equation (2) are depicted in Figure lb. 
In Figure lb, the summer points of the Last Glacial Maximum (LGM) have 

also been included (both dT and ATNH are negative). Despite the fact that the 
range of ATNH (Table I) is very large, the latitudinal dependencies of dT/ATNH 
are similar for all past epochs, including the cold one. Hence, although the causes 
of the climate fluctuations of the four epochs are different (Crowley, 1990), the 
agreement in Figure lb suggests that for mean latitudinal values and scaling with 
ATNH the paleoanalog hypothesis holds for warm climates, as well as for cold 
epochs. On the other hand, due to the presence of the large asymmetric ice sheet 
in LGM the distribution of cooling along the zonal belt at high latitudes was very 
inhomogeneous. Thus, on the regional level, the scaled temperature anomalies 
3T/ATNH from Last Glacial Maximum are incomparable with those of the warm 
epochs. 

In equilibrium state, the latitudinal warming of land and ocean should be similar. 
Even in equilibrium conditions, however, ATNH(land) averaged over summer and 
winter is larger than ATNH(ocean), because of the predominant presence of land 
in higher latitudes. Equation (2) indicates that for a pure equilibrium and averaged 
over the seasons ATNH(land)= 1.2ATg and ATNH(ocean)= 0.9ATg. This agrees 
with paleoreconstructions (see Table I). 

Figure 2 compares the zonally averaged warming of 1980's with the scaled 
paleodata. In terms of latitudinal means, the current winter warming (Figure 2a) 
goes roughly in the line with paleodata except for very high latitudes. However, 
Figure 2c shows that the signal mainly originates from land, as is to be expected 
in the current transient situation. 

As a further test of the paleoanalog hypothesis, Figure 3 compares the current 
and past zonally averaged winter warming over land. Here, as scaling parameter 
ATNH(land) was applied instead of ATNH. Figure 3 shows that the distribution of 
dT/ATNH(land) of 1980's agrees with paleodata, particularly with the Eemian. 

Poleward of 70 N the 1980's winter warming (Figures 2a, 3) is much smaller 
than that derived from the paleodata or predicted by GCMs. This discrepancy can 
be explained by the influence of the Arctic, which is the most inertial component 
of climatic system in the NH. Since in modern epoch there is little evidence of a 
changing sea-ice condition in high latitudes (IPCC, 1990), it can be supposed that 
the Arctic retards the warming poleward of 80 N. In the 0-60 N zone, the latitudinal 
amplification of winter warming is well pronounced, in accordance with both the 
paleoclimatic data and GCM's equilibrium runs. 

No agreement is present in the 1980's summer warming and the paleodata, not 
even over land (Figures 2b, d); the land warming of the 1980's summer does not 
show any sign of northward latitudinal amplification. This is probably related with 
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Fig. 2. Mean zonal warming dT of the 1980-1990 period (reference period 1951-1980). In the upper 
graphs, the paleodata and the universal warming curve (Equation (2)) are also shown, multiplied by 
the mean NH warming ATNH of the 1980's (0.13 °C for summer and 0.28 °C for winter). The lower 
graphs separate the warming dT into warming over ocean and land. 

the inertia of the Arctic sea-iceas which reduces the role of the sea-ice albedo- 
temperature feedback in the current summer warming. The tropical land area in 
summer shows an excess warming (Figure 2d). This may also be regarded as a 
transient effect, caused by the change in hydrological cycles in that season. 

The current warming over the ocean is small and differs largely from the 
paleodata. A remarkable feature in Figures 2c, d is the warming of the 1980's 
over ocean in tropics. One explanation may be the decadal variability in the ocean 
circulation; another is an early signal of the greenhouse warming, caused by the 
relative shallowness of the tropical ocean in combination with the water vapour 
feedback (Raval and Ramanathan, 1989) and cloud feedback (Tselioudis et al., 
1993). The effects of these feedbacks are discussed in the next section. 

Figures 4 -5  show for winter and summer the geographic distributions of the 
averaged scaled temperature anomalies t (t = 6T/ATNH) of the three warm epochs 
and the deviation in the field. The deviation r has been calculated by 

N 
r 2 = ~ i = l ( t i  - t )2  (3)  

N 
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Fig. 3. Mean zonal winter warming over land dT (reference period 1951-1980), scaled with the 
mean NH winter warming over land ATNH(land) for three warm epochs and the 1980-1990 period. 
The dashed line is the universal curve from Equation (2). 

where ti represents 5T/ATNH for each epoch in a grid point and N = 3. Hence, r 
represents the divergence in the scaled data of the three epochs. 

In the winter map (Figure 4), a marked non-homogeneity in t occurs in high 
latitudes, with an amplified warming over northern Canada and Asia. A pronounced 
relatively cold tongue with a large r extending over the Northern Atlantic near 
Scandinavia; this particular region will be discussed in the next section. The summer 
temperature anomaly distribution (Figure 5) is smoother than the winter distribution 
and the Atlantic tongue is absent. For the summer, the largest r is in northern Siberia 
and is caused by relatively small values of 5T/ATr,oa of the Mid-Holocene. This 
may be related to the lack of effective regression of the sea-ice boundary in that 
epoch as compared to the other epochs and consequently a less effective poleward 
temperature amplification by the sea-ice albedo-temperature feedback. 

In a recent publication by Stouffer et al. (1994) the regression coefficient of local 
temperature against the mean global temperature was calculated for observed mean 
annual time series for the 1881-1990 period. The resulting geographic distribution 
of the regression coefficient corresponds to the scaled temperature distributions of 
Figures 4-5. A comparison of the map by Stouffer et al. (1994) with ours indicates 
that the proportionality coefficient between the regional and global annual warming 
in contemporary climate is of the same order of magnitude as it was in the past. 

Table II presents for a number of large areas northward of 35 N the paleowarming 
for summer and winter and current (1980-1990) winter warming. Like in Figure 3, 
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Fig. 4. Scaled winter temperature rise t (top) and deviation r (bottom) as deduced from the average 
of the paleoclimatic data of three warm climates (°C). For one degree of Northern Hemisphere winter 
warming, the isolines of t represent the local response in temperature 6T in centigrades. Contour 
intervals are 1 ° C (top) and 0.5 o C (bottom). Areas where 6T is larger than 5 ° C (top) or the deviation 
r is larger than 1 °C (bottom) are stippled. For the definition of r, see Equation (3). 

the temperatures  are scaled with ATNn(land). The summer  data of  the 1980's 

are not included since they disagree with the paleodata even for zonal means 

(Figure 2). Detailed maps of  seasonal ~T for the recent decade were published 

in the IPCC update (1992). Table II  shows that the areas with the largest winter 
warming  in the 1980's and in past  epochs are the same. This holds particularly for 
the northern regions with a continental climate (areas 1-5). However ,  the scaled 
temperature  rise in the 1980's is systematical ly higher than that in the paleodata,  
by a factor  of  about  1.5. The explanation is that part of  the continents is influenced 
by the ocean, whose temperature remained unchanged in the 1980's (Figure 2). 
As a consequence,  the value of  ~TNn(land) for the 1980's is smaller  than it would 
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Fig. 5. As in Figure 4, but for summer. Cooling area (top) and areas with a deviation r larger than 
1 °C (bottom) are stippled. 

have been in the presence of ocean heating (in equilibrium), and hence the scaled 
temperature rise of the 1980's is relatively high. The same explanation applies to 
the difference between the zonal data in Figure 3. 

In the regions with the most pronounced warming (areas 1-5) the scaled tem- 
perature rises of the 1980's are very similar. The difference in signals in these areas 
is smaller than to be expected from the signal to noise ratios of Table II. The reason 
for the similarity is the large spatial temperature correlation in high latitudes (Vin- 
nikov et al., 1990), especially for 10-years means. This spatial correlation results 
also in a strong correlation between (ST in these areas and ATyH(land) since the 
latter is strongly determined by warming at high latitudes (see also Figure 3). This 
implies that the signal to noise ratio (t/a) for the scaled anomalies of 1980's is 
actually higher than ~T/~r in Table II suggests. 
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TABLE II 

Estimates of scaled temperature change from normals t (t = 5T/A%H(land) based 
on paleoclimatic data from three epochs and on current (1980-1990) anomalies, r is 
a characteristic deviation of the paleodata (Equation (3)). For the modern epoch the 
ratio of signal to noise (6T/¢) is presented, where 6T is the absolute value of the 
anomaly and cr is the standard deviation in the temperature for 11-year means 

Region Paleowinter Paleosummer Winter 1980's 
t r t r t 5T/~ 

1. Alaska 2.2 0.4 2.3 0.8 3.8 3.7 
70-60 N; 160-130 W 

2. Canada 1.9 0.4 2.5 0.5 3.1 2.6 
70-55 N; 130-90 W 

3. Northern Siberia 3.0 0.6 2.6 0.8 3.4 3.1 
75-60 N; 80-140 E 

4. Central Siberia 1.6 0.5 1.7 0.6 2.7 3.4 
60-45 N; 80-140 E 

5. CentralRussia 1.9 0.6 2.3 0.7 2.6 2.0 
75-50 N; 40-80 E 

6. Middle Asia 0.8 0.3 0.7 0.6 1.4 2.6 
50-35 N; 40-80 E 

7. Central America 0.8 0.3 1.1 0.2 0.7 1.0 
45-35 N; 100-85 W 

8. Europe 1.0 0.5 1.4 0.4 0.7 1.0 
60-45 N; 0-40 E 

9. Mediterranean 0.5 0.3 0.5 0.4 0.0 - 
45-30 N; 10 W-40 E 

10. Scandinavia 1.2 1.0 2.2 0.4 -0.2 1.0 
75-60 N; 0-40 E 

In Table II  the d ivergence  o f  the pa leodata  r (Equat ion (3)) is also included.  

The  ratio t / r  is a measure  for  the validi ty o f  the pa leoana log  hypothesis .  The  Table 

indicates  that  t / r  > 1 in all regions cons idered  and that it ranges  up to about  5 in 

areas with the largest  pa leowarming .  This verifies the pa leoana log  hypothes i s  at a 

reg ional  level; for  regions  with a c lear  warming  the hypothes is  also verifies for  the 

current  t ransient  winter -season warming .  

5. Discussion 

Figure  1 shows  that  the pa leoana log  hypothes is  holds for  zonal  means  in w a r m  and 
cold  epochs  and Figures  4 - 5  together  with Table II  show that this hypothes is  verifies 
for  several  regions  in the zonal  belts, a l though not  everywhere .  The  maps  4 - 5  
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agree satisfactorily with those generated by GCMs for the equilibrium climate with 
enhanced CO2 (IPCC, 1990). Agreement is also found between the current transient 
winter warming over land (see also IPCC update, 1992) and the paleotemperature 
distributions in warm epochs. 

Although the mechanisms causing the climate fluctuations in the past may be 
different and differ also from that of the current warming, the resulting spatial 
temperature distributions are suprisingly similar. Also, the average structure of 
the warming of different epochs resembles that of the GCM equilibrium runs by 
Wetherald and Manabe (1975), Manabe and Wetherald (1980) and Hansen et al. 

(1984). These experiments show only little difference in spatial distribution of 
temperature and several other climate elements, although the warming is induced 
by such diverse mechanisms as increasing either CO2 or solar radiation. It is also 
known (Wigley et al., 1986) that the latitudinal and seasonal patterns over land of 
the early 20th century warming are remarkably similar to the patterns predicted 
by the equilibrium response GCM study of Manabe and Stouffer (1979, 1980) 
for quadrupling of CO2 concentration. These similarities support the idea that the 
general circulation adjusts itself to give a similar response to different forcings. 
Note, however, that a change in CO2 concentration is a common feature of climatic 
change for epochs we considered, including the current one: since the preindustrial 
era the CO2 concentration in the atmosphere rose by about 60 ppm (20%) with an 
increase of about 15 ppm in a period 1980-1990 (IPCC, 1990). 

The change in greenhouse gases concentration is regarded as a main mechanism 
for climate change in Mid-Pliocene (Budyko, 1986; Crowley, 1991; Van der Burgh 
et al., 1993) and a significant climate forcing in Eemian and Mid-Holocene (Hansen 
et  al., 1984; Pisias and Shackleton, 1984; Kerr, 1984). Although recent results by 
Lorius et al. (1993) and GRIP Members (1993) support the role of astronomical 
forcing as the initial cause of the Pleistocene interglacial-glacial transitions, the 
strong correlation between CO2 and isotopic temperature in ice-core records from 
both ice caps (e.g., 0.81 for the extended Vostok record (Jourzel et al., 1993)) 
indicates that changing CO2 levels is a significant amplifying factor in glacial- 
interglacial transitions. Partly due to this amplification a relatively weak fluctuation 
in global orbital forcing (< 0.7 Wm -2 for annual mean) could ultimately result in 
a change of global temperature by about 6 °C. During the Last Glacial Maximum, 
the orbital insolation distribution was quite similar to present (Wigley et aI., 1986) 
but the cold conditions maintained, not only because of the inertia of the ice cap, 
but also because of the reduced CO2 concentration (Delmas et aI., 1980; Broccoli 
and Manabe, 1987); multivariate analysis performed by Lorius et al. (1990, 1993) 
showed that about half of the temperature change during last glacial-interglacial 
cycle could be attributed to the greenhouse effect. 

Another evidence of the significant role of CO2 in Pleistocene climate transitions 
is the broadly parallel behavior between the Northern and Southern Hemispheres 
throughout the Holocene (see Pittock and Salinger, 1991), since this parallelism 
can be understood from the role of COz in the spatial homogenizing of the non- 
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uniform orbital forcing. With respect to the Eemian, the terrestrial and most deep- 
sediment data from both hemispheres also show the synchronous warming, with 
an exception of high southern latitudes, where a time lag of a few thousand years 
was recently recognized (Crowley, 1990; Imbrie et al., 1992). The existence of the 
asynchronous behavior has still to be confirmed because the uncertainty in a high 
resolution chronology for the Eemian is close to the magnitude of the reported time 
lag (Martinson et al., 1987). 

In the Eemian and Mid-Holocene the CO2 concentrations were virtually the 
same as in the preindustrial period, but the sea levels were higher than present. This 
fact indicates that the ice coverage was considerably reduced (e.g., Mercer, 1978; 
Gallee et al., 1993). The resulting ice albedo-temperature feedback, together with 
the surface albedo-temperature feedback resulting from the increase of precipitation 
in subtropical deserts (Petit-Maire, 1989) could maintain the warmer-than-present 
Earth conditions at a relatively low CO2 level. 

Thus, even taken individually, each of the three warm periods may be considered 
as an approximate equilibrium analog for the future climate. But if the periods are 
taken together, the data indicate the existence of regions with good and poor 
agreement between the different epochs (Figures 4-5; Table II). We suppose that 
the regions with good agreement (small divergence in paleodata) present the typical 
structure of regional equilibrium warming, while poor agreement (large divergence) 
indicates the regions which are sensitive to the difference in analogs. A reason for 
this can be either a difference in sea ice boundary conditions in past epochs or 
a difference in oceanic circulation (Broecker et al., 1985; Broecker and Denton, 
1989). 

The North Atlantic (NA) region is characterized by a large divergence r, if 
compared with other areas in the same zonal belt (Figure 4). From paleoclimatic 
records it is known that this particular region is a very specific one characterized 
by a high instability in climate (Dansgaard et al., 1993; Alley et al., 1993). Even 
at the culmination of the last interglacial, the climate in the NA region was able 
to fluctuate very rapidly. The mechanism of such rapid climate fluctuations is 
not well understood. As a complex nonlinear system, the climate in NA region 
might be very sensitive to a small forcing (Palmer, 1993) and might even have 
a multimodal steady state (Held, 1993). Therefore, this specific region is very 
difficult for prediction of any sort. Figure 4 shows that the paleoanalog hypothesis 
fails for the northern NA in winter. The relative divergences r / t  in the regional 
winter temperature change for the land areas influenced by the NA (Europe and 
Scandinavia) are still relatively high but less than unity; in summer r / t  in these 
regions is low ( r / t  < 0.5, Table II). 

In tropics the relative divergence in the paleodata r / t  exceeds amply 100% 
while the absolute values of r are small. This is caused by the fact that the signals 
themselves are very small. Since the reconstructed values in the tropical areas are 
close to the detection limit of geologic data, the high values of relative divergence 
r / t  in tropics does not contradict with paleoanalog hypothesis. 
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The discrepancy in distributions of zonal temperature anomalies between past 
warm epochs and modern one (Figures 2-3, Table II) is a clear signature of the 
transient nature of current climate change when the response to the radiative 
forcing appears firstly over the least inertial component of the climatic system. The 
characteristic relaxation times of different land areas and of the ocean mixed layer 
(see also Harvey and Schneider, 1985; Wigley and Schlesinger, 1985) as a response 
to the insolation forcing were calculated by Byutner and Shabalova (1985) from 
the amplitude and phases in the annual cycle of surface temperatures. Although the 
characteristic time scale of greenhouse forcing is larger than the period of seasonal 
oscillations, the latter encompasses about half of the quasihomogeneous layer of 
the ocean. Thus, on a time scale of decades, the relative characteristics of inertia can 
serve as a guide estimation for consideration of greenhouse gases-induced climatic 
change. The typical relaxation times calculated by Byutuer and Shabalova (1985) 
differ by an order of magnitude for ocean and land as a whole and by a factor of 
2 4  for different land areas, being the smallest in the inner continental regions. 

In qualitative agreement with this result, the NH warming of 1980's is small 
northward of 70 N, moderated by the inertial Arctic, and well pronounced over land 
as a whole in comparison with the ocean (Figure 2). Table II indicates that the largest 
land warming of 1980's occurs over inner parts of continents, while it is low in the 
maritime areas. The strong negative correlation between snow cover extend and 
air surface temperature as observed by Karl et al. (1993) provides experimental 
evidence for the contribution of the albedo-temperature feedback to the current 
warming over high-latitude land. Figure 2 gives evidence of the role of different 
inertia of tropical and extratropical oceans, as the 1980's warming over the tropical 
ocean with shallow mixed layer is accompanied with an absence of warming 
over deeply mixed high-latitude ocean (Schneider, 1994). The radiative warming 
over the ocean in tropics could have been amplified by the water-vapour feedback 
which is most effective over the low-latitude ocean (Raval and Ramanathan, 1989). 
Additionally, according to Tselioudis et al. (1993), there is a strong feedback 
between surface temperatures and low-level cloudiness which is positive in tropics 
and changes its sign in higher latitudes (~ _> 50 N) where it becomes much 
stronger over ocean than over land. This feedback could contribute to the observed 
contrast in zonal temperature anomalies of the 1980's by amplifying the warming 
over tropical ocean and compensating for the possible radiative warming over the 
high-latitude ocean. 

Prior to using paleodata as a scenario for the regional distribution of temperature 
in a future climate, two assumptions should be tested. The first is that the regional 
anomaly patterns produced by global warming are in first approximation indepen- 
dent of the cause of warming; the second is that the regional structure will also 
appear in a transient situation. Concerns about the validity of these assumptions 
were expressed by Crowley (1990). 

With respect to the first assumption, we already noted that GCM simulations 
show that whatever the cause of the warming, there are broad similarities in the 
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patterns of climatic change. Also, we indicated the similarity in structure of the 
1980-1990 winter warming and the paleodata at least in several regions; empirical 
studies by Wigley et al. (1980) and by others (see the review by Giorgi and Mearns, 
1991) of warm years from instrumental record as well as the study by Stouffer et al. 
(1994) indicate that even in the individual year the temperature anomaly patterns 
over land are similar. 

The second assumption is not generally valid. However, as reported by IPCC 
(1990, p. 156), the patterns of equilibrium and transient climate change derived 
from the high resolution models are similar. This suggests that the influence of 
the transient nature of the present and future climate is not so critical as a whole 
(except for some particular regions). This argument is in line with the agreement 
which we find between the recent transient warming over land (Table II from 
present paper; IPCC, 1992; Wigley et al., 1980; Jager and Kellogg, 1984) and the 
paleoreconstructions. On the one hand, the asymmetry of current climate change 
between ocean and land is the clear indication of the transient nature of current 
warming resulting from the difference in thermal inertia of these two components 
of climatic system, but on the other hand, the recent winter warming over the 
least inertial extratropical land areas does agree with equilibrium paleodata. Our 
conclusion is, that Figures 4-5 can be interpreted as an equilibrium paleodata- 
based scenario of climate change, whereas for the intracontinental land areas in 
the NH extratropics a reasonable regional climate change scenario for winter could 
be produced even in a transient situation by using only one parameter - mean NH 
temperature change over land - together with scaled paleoanomalies. 

Although the pateoanalog hypothesis has been tested at various levels in this 
paper, we are well aware that this does not prove the validity of the paleoanalog 
method as a real forecast method. A climate change projection based on paleore- 
constructions should rather be considered as a scenario, and quoting Wigley et al. 
(1986), "scenarios are not meant to be a prediction of future climate, rather they 
are meant to be internally consistent pictures of a plausible future climate". 

6. Conclusions 

The comparison of the paleoreconstructions of temperature in various epochs and 
the temperature anomalies in the 1980-1990 period leads to the following conclu- 
sions: 

First, for zonal means in NH the paleoanalog hypothesis verifies: 
1. in warm epochs for individual seasons - if paleodata are scaled with the NH 

mean temperature anomaly ATNH of the corresponding season; 
2. in a cold epoch for summer - if the same scaling is applied; 
3. in transient situations for the current (1980-1990) winter warming over land 

- the mean NH winter temperature anomaly over land ATNH(land) is the 
appropriate scaling factor. 
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Second, a warmer  Earth results in a preferential temperature distribution. This 

supports the paleoanalog hypothesis on a regional level. When  there are strong 
regional forcings, like an instability of  ocean currents or the presence of  large ice 

sheets, the paleoanalog hypothesis  on a regional level is violated. 

Third, an equilibrium climate change scenario can be produced by considering 

the scaled temperature  anomalies  averaged over  three epochs (Figures 4 -5 )  and 

mult iplying them by the  projected mean hemispheric  seasonal temperature rise, 

ATNH. In transient situations like the present  one, a reasonable scenario of  the future 
temperature  distributions in the intracontinental areas in winter can be obtained in 

a similar way but using the multiplication with the projected winter temperature  
rise over  land, ATNrl( land) .  
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