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The general public view on climate change

• The situation with climate warming is becoming more serious and is
in fact  much worse than was reported in the IPCC report from 2007.

• Artic ice is melting more rapidly then expected

• The expected losses of the land ices is worse than previously thought
and might imply a rise in sea level by about 1m at the end of this
century.

• There will be more cyclones in the future and they will be more
intense.
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But, what is the present situation?

• Climate is warming rather slowly and only about
     0.6-0.7°C since the end of the 19th century.

• During the same time the accumulated effect of greenhouse gases
corresponds to 2.4W/m2 or equivalent to  ca. 2/3 of a CO2 doubling.

• In addition there are considerable fluctuations in the global climate
such as the warm period 1930-1950 and the cold period 1960-1980.
During the last 10 years the global temperature has hardly changed.

• There are large low frequency variations in the Arctic sea ice.
September 2009 had 1 mkm2 more ice than in 2007. Antarctic sea ice
has not decreased but rather increased somewhat since 1979.
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There are two key issues that requires more
attention in climate research

• Why the climate warming proceeds so slowly?

     and

• Why is it so irregular?
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Global mean surface temperature and forcing by well mixed
greenhouse gases, CO2, CH4, N20 and CFC

S. Schwartz
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Climate sensitivity

• Climate sensitivity, S, is a suitable measure how the climate
system responds to a change in the radiation balance, dQ. Such
a change can be due to solar variations, volcanic eruptions
emitting aerosols to the upper atmosphere or changes in
greenhouse gases or aerosols.

•  We can write dT= SxdQ.

       Unit of S is K/Wm-2
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Climate sensitivity from observations
Greenhouse gases and aerosols           dQ = (1/S)xdT + dF

0.3 K/Wm2S = dQ/dT

0.3 W/m2Deep ocean  heat
transport, dF

 0.6 - 0.7 KdT (1900-2008)

2.4 W/m2

(CO2 60%)
dQ (1900-2008)
G.house gases
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How can this be explained?

•  The relation between the change in climate forcing and
surface temperature increase is close to the Stefan-
Boltzmann relation. dF  = 4xdT ( for small changes).

• If this is the case than the different feedbacks in the
climate system must either be insignificant or cancel each
other.

• Can we obtain alternative estimates of climate sensitivity?
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Climate sensitivity from observations
This can be estimated from the annual  variability

 0.57 K/ W/m2  0.56 K/ W/m2S =  dT/dQ
(Climate sensitivity)

5.1 K11.7 KdT (seasonal)

9  W/m221 W/m2dQ (seasonal)
(Satellite
measurement)

Southern HemisphereNorthern HemisphereAfter Morel
Gewex,2007)
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Climate sensitivity from observations
Greenhouse gases and aerosols           dQ = (1/S)xdT + dF

0.6 K/Wm2S = dQ/dT0.3 K/Wm2S = dQ/dT

- 1.0 W/m2dQ (1900-2007)
Aerosols 2

0.3 W/m2Deep ocean  heat
transport

0.4 K/Wm2S = dQ/dT0.6 KdT (1900-2007)

-0.5 W/m2dQ ( 1900-2007)
Aerosols 1

2.3 W/m2

(CO2 60%)
dQ (1900-2007)
G.house gases
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What can we conclude?

• Either the negative aerosol forcing is just compensating
the positive feedback from water vapor and from surface
albedo.

• Or there are compensating negative feedbacks from
clouds?

• Or there are systematic errors in the way models calculate
feedbacks compared to nature? One possibility could be
due  to the large natural  variance of water vapour
generally underestimated by large scale models.
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July 2000: IWV [mm] for station Tahiti (Polynesia)

GPS-measurements compared with  operational analyses from ECMWF

dF = axln q

Water vapour forcing

We represent temporal
and areal mean by red.

We now have the
approx. relation:

ln q - ln q  =  -1/2(q‘/q)2
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Observational evidence of climate variations.
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The global temperature
1850-2008

* Note minor cooling
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Surface temperature trend 1888 -1918
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Surface temperature trend 1918 -1948
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Surface temperature trend 1948 -1978
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Surface temperature trend 1978 -2008
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Global surface temperature 30 -year trends

 + 0.501978 - 2008, similar pattern to 60
years earlier but enhanced
amplitude

 + 0.031948 - 1978, almost reversed
pattern

 + 0.321918 - 1948, marked warming NH

 - 0.041888 - 1918, generally warming
trend over extra-tropical land areas

Surface temperature trendTime period
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How can we best address these problems?
• There is a preferred tendency to subscribe climate events to external forcing.

•  Examples here are:
•  The cold winters at the end of the 17th century in Europe (Maunder

minimum).
• The warm episode in the 1930s and 40s as due to enhanced solar irradiation

and /or lack of volcanic eruptions.
• The cold period in the 1960s and 70s as due to Mount Agung or increased

anthropogenic aerosols.

• Such explanations are attractive in particular among laymen but unfortunatly
generally incorrect and at least inconsistent such as the warming in the 1990s
expect the Pinatubo eruption and so on.

• We need to have a better understanding of the natural variability
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 A model  experiment
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St. Petersburg prediction 10.1 2006

17th onward
ca -30 C
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Luterbacher, Science 2004
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Luterbacher  Science 2004
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Warmest and coldest season in Europe
 1500-2003

Luterbacher et al(2004), Xoplaki et al (2005)

2007
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The pre-industrial climate compared to the  present (90- year mean)

Bengtsson, L, K. I. Hodges, E Roeckner and  R. Brokopf., 2006: On the natural
variability of the pre-industrial European Climate. Climate Dynamics DOI:

10.1007/s00382-006-0168-y, 1-18

• Atmospheric composition

• CO2: 286.2 ppm ( now 387 ppm) ( 1960-1990 ~ 350 ppm)
• CH4: 805.6 ppb
• N2O: 276.7 ppb
• No CFCs

• Surface temperature effect:

• Global - 0.19 K
•  European land area winter - 0.54 K
•  European land area summer  ~0
•
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Storm tracks at high NAO ( >2 sd, left) and low NAO ( < 2 sd, right) Intensity and density
(top)and generation (below)
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50-year trends
>0.23   corresponds to 95% significance

T

P
Z
850

Sea

ice
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50-year sea-ice trend
>0.23   corresponds to 95% significance

**
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Coldest winter and warmest summer
left observed,  right model

1941/42

1947



EMS, Toulouse
30.9.2009

Lennart Bengtsson
MPI, Hamburg

Ten coldest European winters
model  and “observations” ( Luterbacher, 2005)

Model Obs

Model
global
anomaly

Model  height
500 hPa
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Observation and model statistics
Luterbacher et al., 2005 ( Temp. in C)

 

 (a) Luterbacher (2005) (b) Model 
 Annual DJF JJA Annual DJF JJA 
Mean 8.13  -2.31 16.83 7.39  -2.30 16.96 
Stand. dev. 0.41* 1.15 0.47 0.55 1.23 0.55 
Min. 6.61  

(1695) 
 -5.69 
(1695/96) 

15.62 
(1821) 

5.41 
(16) 

 -7.45 
(15) 

15.55 
(170) 

Max. 9.40 
(1822) 

-0.09 
(1842/43) 

18.18 
(1757) 

9.41 
(78) 

1.47 
(52) 

19.08 
(459) 

Max.-Min. 2.79 5.60 2.56 4.00 8.92 3.53 
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Pre-industrial temperatures in Europe (DJF)
Model results

 ( smaller numbers in right column are observed values prior to 1950 covering  ca 200 years

+2.1     +3.3 - 8.5     -5.81.9      1.8-2.3     -0.5Vienna
+2.3     +1.4-11.7     -9.22.2      2.3-3.3     -2.8Warsaw
-1.5       -1.1-15.7   -14.62.2      2.6-8.5     -7.2St. Petersburg
+1.8     +1.4-8.0       -9.91.7      2.3-2.5     -4.0Uppsala
-2.0-19.72.6-10.6Moscow
+8.0+0.11.2(L)+5.1(L)Oxford
+6.8     +6.6-0.8      -1.61.4      1.6+3.8   +  3.3Paris
+2.2     +2,8-6.9      -6.11.8      1.9-1.6     -1.4Hohenpeissenb.
+5.6-5.01.8+1.4Hamburg
+7.6     +5.3-1.0     -3.11.4      1.8+4.3    +2.0De Bilt
MaxMinSTD TMean T



EMS, Toulouse
30.9.2009

Lennart Bengtsson
MPI, Hamburg

Ten warmest European summers
model  and “observations” ( Luterbacher, 2005)

Model Observ.
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Observation and model statistics
Luterbacher et al., 2005 ( Temp. in C)

 

 (a) Luterbacher (2005) (b) Model 
 Annual DJF JJA Annual DJF JJA 
Mean 8.13  -2.31 16.83 7.39  -2.30 16.96 
Stand. dev. 0.41* 1.15 0.47 0.55 1.23 0.55 
Min. 6.61  

(1695) 
 -5.69 
(1695/96) 

15.62 
(1821) 

5.41 
(16) 

 -7.45 
(15) 

15.55 
(170) 

Max. 9.40 
(1822) 

-0.09 
(1842/43) 

18.18 
(1757) 

9.41 
(78) 

1.47 
(52) 

19.08 
(459) 

Max.-Min. 2.79 5.60 2.56 4.00 8.92 3.53 
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Pre-industrial temperatures in Europe (JJA)
Model results

 ( smaller numbers in right column are observed values prior to 1950 covering  ca 200 years

+20.1   +21.8+13.9   +16.51.0    1.0+16.2   +18.6Vienna
+19.6   +21.6+14.1   +15.50.9    1.1+16.5   +17.8Warsaw
+19.6   +21.5+12.5   +13.61.2    1.3+15.2   +17.0St. Petersburg
+17.5   +18.7+10.9   +12.21.1    1.3+13.7   +15.5Uppsala
+19.2+13.21.1+16.0Moscow
+18.8+13.10.8(L)+16.1(L)Oxford
+20.5   +21.3+14.1    +15.31.0    1.2+17.1   +18.0Paris
+18.1   +17.2+11.6   +11.41.0    1.0+14.2   +14.1Hohenpeissenb.
+18.5+13.20.8+15.6Hamburg
+19.0   +18.7+13.9   +13.10.7    0.9+16.3   +16.2De Bilt
MaxMinSTD TMean T
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Largest temperature differences between 30 year periods
winter ( cold-warm) left, summer (warm-cold) right

model

observ.

Model
global
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Coldest-warmest winter
Warmest-coldest summer

 Largest 30 - year averages
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Summary
 Pre-industrial European climate over 500 years

( land area)

• There is  a good agreement between modeled and “observed” winter and
summer temperature

• Modeled variance is slightly higher than observed but agreement better in  the
19th century

• The coldest winter in the model is colder than observations and the warmest
summer is warmer than observed. There are considerably similarities with
observed extreme seasons.

• The ten coldest winters are associated with a warmer central tropical Pacific
and a warmer Arctic

• The ten warmest summers are associated with colder than normal tropical
oceans

• Sustained  anomalies over 30 years in the model experiment are similar to
observations but observed summer anomalies are larger
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Summary
 Pre-industrial European climate over 500 years

( land area)

• Global temperature anomalies is well correlated with ENSO (0.70 in DJF)

• There is virtually no correlation between global  temperature anomalies and  European
temperature anomalies.

• As in observations modeled European winter temperature is  correlated with NAO (0.46)
• There are regional trends on the time scale of 50 years( significant at 95%)
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Conclusions
The European climate 1500-1900

• It is strongly suggested that  that the climate of Europe during the period was strongly
dominated by natural variability and that external forcing ( total solar irradiance, TSI
and volcanic aerosols) only have had a minor effect.

• This is supported by the fact that extreme temperature for different seasons occur at
very different times. For  example the coldest summer and autumn occurred in the
beginning of the 20th century, while the coldest winter and spring occurred during the
17th and 18th century respectively.

• We believe it is probably not feasible to attribute climate variations in the European
region to  variations in the external forcing as these variations are completely dominated
by internal climate variations

• We believe great care must be applied in attribution studies during this period as
incorrect conclusions may result when model variance have deficiencies. It is important
to recognize that seasons with extreme temperature and even longer periods with
unusual temperatures may just happen by chance



EMS, Toulouse
30.9.2009

Lennart Bengtsson
MPI, Hamburg

END
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Model simulation of the global surface temperature of the last century
( include ant. greenhouse gases and aerosols and volcanic aerosols)

Top: natural and anthropogenic effects Below: natural effects only (IPCC, 2007)

Models
with high
sensitivity
had lower
forcing and
vice versa

Model
sensitivity, S
is 0.35-0.83

S(mean)=0.49
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Summary of results

• On present results from observations or from model integrations it is
not possible to conclude whether models  systematically overestimate
climate sensitivity and  consequently need a compensating aerosol
forcing to reproduce the observed temperature trend.

• Or in fact  the aerosol forcing might be realistic and consequently also
model climate sensitivity is realistic.

• But it is yet remarkable that aerosol forcing has just increased more or
less in the same way as greenhouse gases have accumulated in the
atmosphere? And in spite of a residence time in the atmosphere of
about a week?


