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Question 1: Where we are at the 
glacial-interglacial natural cycle?

Question 2: Has got recent climate 
any unique peculiarities?

Question 3:  Is global warming still 
happening and if yes what is its 

most dengerous consequenceis?



Reconstruction of Greenland air temperature and snow 
accumulation rate in winter for recent 20,000 yrs. Vertical strips 

point to climatic shifts (В-О event and Younger Dryas, after /Balter
et al., Science, 2010/ )



Реконструкции изменчивости уровня Мирового океана за последние 450 тыс. лет



Реконструкция последнего климатического оптимума и оледенения (6 и 21 тыс. лет тому назад



Recent climatic epoch is characterized 
by additional anthropogenic forcing

• There is extremely fast increasing of greenhouse gases (CO2, 
N2O, CH4, clorofluorocarbons) after beginning of industrial 
revolution

• Typical yearly CO2 emission now is ~ 10 Gt of C (1Gt= 1012

kg=1015g). Ocean uptake is about 25-30% of total emission. 70 
to 75% of total GHG emission increase the atmospheric GHG 
concentration and this warms the low troposphere (~0.75ºC/ 
century, IPCC report, 2007).At the same time, aerosol emission 
leads to cooling of the low troposphere and there are numerous 
feedbacks within climatic system.

• In fact, anthropogenic forcing is essential at the multi-
decadal-to-centennial scale. 

• Besides, there is intense interannual-to-multi-decadal 
natural climate variability. So, the problem is rather to 
separate the natural and human-induced changes than to 
discuss the reality of the anthropogenic warming 



(A) Distributions of global GPP (Pg C year–1) for the five data-driven approaches that are most constrained by
data, their combined global GPP distribution, and the GPP distribution by the Miami model. Shown are the median
(red horizontal lines), the quartiles (blue boxes), and the 2.5 and 97.5 percentiles (vertical black lines), indicating the
95% confidence interval. MTE is either driven by fAPAR only (MTE1) or by both fAPAR and climate data (MTE2) (16). 
(B) Spatial details of the median annual GPP (gC/m2/a) from the spatially explicit approaches MTE1, MTE2, ANN, 
LUE, and KGB. (C) Latitudinal pattern (0.5° bands) of annual GPP. The gray area represents the range of the
diagnostic models MTE1, MTE2, ANN, LUE, and KGB. The red area represents the range of process model results
(LPJ-DGVM, LPJmL, ORCHIDEE, CLM-CN, and SDGVM). The thick lines represent the medians of both ranges. The
dashed black line shows the result for northern extratropical regions from an independent diagnostic model. In this
approach, we combined gridded information about the seasonal NEE amplitude based on atmospheric CO2 data and
an inversion of atmospheric CO2 transport with empirical relationships between annual GPP and the seasonal
amplitude of NEE derived at flux tower sites . 

Terrestrial gross primary production (GPP) is the
largest global CO2 flux driving several
ecosystem functions. C.Beer et al. (2010) provide
an observation-based estimate of this flux at 123 
± 8 petagrams of carbon per year (Pg C year–1) 



Keeling curve for monthly atmospheric CO2
concentration at Mauna Loa Observatory, Hawaii 

(Science, 2009)



1: Is global warming still happening? 

• The skeptic argument...It's cooling
"Global warming has stopped and a cooling is
beginning. No climate model has predicted a 
cooling of the Earth – quite the contrary. And
this means that the projections of future
climate are unreliable." (Henrik Svensmark)
and skeptics have got some supporting 
empirical evidences !



Variability of Global Air Temperature Anomalies 
after 1975 (grey curve), Adjusted (to El Ninio
forcing) Anomalies (blue) and Trend for the 
Recent Decade (orange) (Science, 2010)



2: Is global warming still happening?

• In fact it necessary to consider all components of 
the climatic system and put attention to long-term 
(multi-decadal) tendencies 
“Empirical measurements of the Earth's heat content
show the planet is still accumulating heat and global
warming is still happening. Surface temperatures can
show short-term cooling when heat is exchanged
between the atmosphere and the ocean, which has a 
much greater heat capacity than the air”
(www.scepticalscience.com)



Change of Ocean Heating Rate

Total Earth Heat Content from 1950 Time series of global mean heat storage

(Murphy 2009). Ocean data taken from (0–2000 m), measured in 108 Joules

Domingues et al. 2008 (Left figure) per square metre, using ARGO data 

(Schuckmann et al., JGR, 2009)

(Right figure)
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Uncertainty of global heat heat budget of the 
climate system (after Trenberth, 2010)



Variability of global air temperature anomalies after 1980:
Observations (CRU, black) and simple model taken into account 
anthropogenic effects and three natural forcing factors (orange) 

(Science, 2009)



So, if one adds the decadal-scale 
natural modes we can conclude that
observed global climate variability for the recent climate epoch is 
due to slow (multi-decadal-to-centennial) anthropogenically-induced 
processes and superimposed natural interannual-to-multidecadal 
modes, such as El Ninio, North Atlantic Oscillation, Atlantic 
Multidecadal Oscillation, Pacific Decadal Oscillation, volcano 
eruptions, irradiance variability, etc.

There are three principle potential negative consequences of the 
long-term global warming

1. SEA LEVEL RISE
2. OCEAN ACIFIDICATION 
3. WEATHER STATISTICS worsening (such as   enhanced cyclonic 

activity, more numerous heat waves, etc). 



Global sea level rise (SLR) acceleration occurs in 
1950 - 2010 (from ~1,7 to ~3,3 mm/yr) - WHY?
The principle reason is acceleration of ice sheet 

(Greenland and West Antarctic) degradation which 
is now account for ~60% of SLR



Increasing of ablation rate of 
Greenland Ice (Science, 2008)

The annual surface
mass balance in the
ablation zone of the
K-transect (see inser-
tion) over the 17 years. 
“m.we” – meter water 
equivalent

insertion



SLR for 1992 to 2009 varies in the 
World Ocean from ~ -10 to 15 mm/yr 

(Science, 2010)



Most vulnerable coastal zones for 
expected SLR in XXI century (30-180 

cm/century)



Linear sea level trend (mm per year): a-ocean reanalysis output; b-simulated by shallow
water model forced by ERA40 output; c-satellite altimeter data; d- b-simulated by shallow
water model forced by operational ECMWF output (IPRC Climate, v.10, No.1, 2010)



Surface ocean pH decline vs total carbon 
emissions and release time. Dangerous level is 

0.2 to 0.3 per century (Science, 2008)



Variability of air/water pCO2 and pH in 
the North tropical Pacific: 1988-2008

Time series of (top) atmospheric CO2 and
surface ocean pCO2 and (bottom) surface
ocean pH at the atmospheric Mauna Loa
Observatory (MLO) on the island of Hawai‘i
and Station ALOHA in the subtropical North
Pacific north of Hawai‘i, 1988–2008.
After (Science, 2010)

In situ pH trend is about

-0.2 per century



Recent changes in ocean temperature, acidity, and carbonate ion concentration. (A) Surface
temperature anomaly for January 2010 relative to the mean for 1951–1980. (B) The same data
presented in (A) as a function of latitude. (C) Estimated change in annual mean sea surface pH

between the pre-industrial period (1700s) and the 1990s. (D) Estimated change in annual mean sea
surface carbonate ion concentration between the pre-industrial period (1700s) and the 1990s. 

[Science, 2010]



Air temperature variability over Ukraine in January (Celsus
degrees, left panel) and July (right) for the second part of 20 
century. Red curves – GFDL CM 2.1 simulation, blue curve 

– observations averaged over routine network (insertion).

1945 1995

1945 1995

Insertion: location of 
hydrometeorological
stations 



Histograms of observed (blue) and predicted for 
2080-2100’s (red) summer air temperature 

regional anomalies (Science, 2009)

Histogram of summer (June, July, and August) averaged
temperatures (blue) observed from 1900 to 2006 and (red) 
projected for 2090 for (A) France, (B) Ukraine, and (C) 
the Sahel. Temperature is plotted as the departure from the
long-term (1900–2006) climatological mean. The data are
normalized to represent 100 seasons in each histogram. 
In (A), for example, the hottest summer on record in France
(2003) is 3.6°C above the long-term climatology. 
The average summer temperature in 2090 is projected to be
3.7°C greater than the long-term climatological average, and
there is a small chance it could be 9.8°C higher. 



Number of winter days when cyclones have 
been observed within rectangular areas
2,5 by 2,5 degrees

Average intensity of winter cyclones

Average number of winter cyclogenesis
events

Average characteristics of
Winter cyclones for 1957-
1998 гг. (Pinto et al, 2009)
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Atlantic multidecadal oscillation (АМО) and its impact on the 
statistics of Black sea cyclones
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Year-to-year frequency of winter Black  
sea cyclones (thin curve) and approxi-
mation polynomial best fit function 
(thick) for 1950 to 2006 (Polonsky et al., 
2007), 

АМО index (SST anomalies in the North Atlantic)
(А) and SAT anomalies when positive AMO index 
anomaly is at maximum (В) (Knight et al., 2006)



Wind wave height anomalies at the c. Chersones
in winter of 1954-2006. (Polonsky et al., 2009)



Interannual variability of Danube discharge as 
function of variability of the coupled system
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Annual Danube discharges,
cub m per sec (solid curve),
Decadal-scale variability 
(dashed) and linear trend

Seasonal cycle of Danube discharge for each year and
averaged for 1947-2007 cycle

Danube May discharge anomalies:
Solid curve – observation; dashed
curve – forecast using atmospheric 
indices for January-March and neutron 
Network technique (Polonsky et al., 2010)



Conclusions
• The observed global and regional climate variability is due to 

slow (multi-decadal-to-centennial) human-induced processes 
and natural interannual-to-interdecadal modes. Anthropogenic 
warming is accompanied in general by enhanced precipitation 
and Black sea river discharge. Typical (r.m.s.) interannual-to-
interdecadal anomalies of January air temperature and 
precipitation in the Eastern Europe and Black/Mediterranean 
sea region are of about 3-4°С и 2-3 mm. At the same time 
there are twofold (or even more) intense quasi-periodical 
anomalies and catastrophic events (without any visible relation 
to the global warming).

• The regional simulation (and projection) of the climate change 
and variability using even the best models are not reliable. The
state-of- the-art coupled models are not able to reproduce 
adequately the recent climate variability and change over 
Ukraine.


