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The Arctic region has been warming more than twice as fast as the other parts of 
the world during the last decades. The rapid Arctic warming is accompanied by the 
dramatic change of the Arctic sea ice cover. Recently, it has been suggested that such 
climatic changes might have led to the increase of anomalous weather events in winter 
over Eurasia. An example is anomalously cold spells over Eurasia associated with 
atmospheric blocking events. However, a large uncertainty remains concerning robustness 
of the observed relations and associated mechanisms of impact (Semenov and Latif, 2015). 
The main goal of this research is to explore the connection between the declining Arctic 
sea ice (most strongly expressed in the Barents-Kara Seas region) in cold season and 
change of cyclonic and anti-cyclonic activity over Eurasia using simulations with an 
atmospheric general circulation model (AGCM). 

The simulations were performed with the ECHAM5 AGCM (Roeckner et al., 2003) 
using identical sea surface temperature climatology but different sea ice concentrations (SIC) 
for the periods corresponding to the high (1966-1969), low (1990-1995) and very low (2005-
2012) SIC regimes in the Arctic as well as for the mean climatological SIC for 1971-2000. 
The duration of each simulation was 50 years. 

For the regimes with high and very low SIC, a statistically significant increase of the 
number of long-living anticyclones (with lifetime of more than 5 days) over Northern Eurasia 
was found. Long-living cyclones exhibited different changes in their number depending on 
their intensity (Fig. 1). 

The analysis of the spatial patterns of cyclonic and anti-cyclonic activity over Eurasia 
was performed. We found an increase of the frequency of cyclones over the central region of 
the European part of Russia (EPR) and anticyclones over the northern region of the EPR for 
the regimes with a high sea ice concentration in the Arctic. For the regime with very low SIC 
the shift of the frequency of cyclones and anticyclones towards the central part of Russia was 
found. 

This work was supported by the Russian Foundation for Basic Research (14-05- 
31078, 14-05-00518 and 15-35-21061) and Russian Federation President Grant (MK 
2693.2014.5). 
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Fig. 1 Changes in the storm lifetime for 1966-1969 (1) and 2005-2012 (2) periods relative to 
the reference climate 1971-2000 (3).  
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Nakamura (2009) showed that the precipitation diurnal cycle simulated by the Japan 
Meteorological Agency (JMA) short range forecast model over the Japanese islands in the boreal 
summer has its maximum in the evening, and this is in good agreement with the observations. Here, 
we compare the diurnal cycle of tropical precipitation simulated by the Meteorological Research 
Institute (MRI) global atmospheric model (MRI-AGCM3.2; Mizuta et al. 2012) with that in the 
observations from the viewpoint of the phase of the diurnal cycle; i.e., the timing of the daily 
precipitation maximum (and minimum). The model has three cumulus convective parameterization 
schemes: the Yoshimura scheme (Yoshimura et al. 2015, YMM); the prognostic Arakawa–Schubert 
scheme (Randall and Pan 1993, AS); and the Kain–Fritsch scheme (Kain and Fritsch 1990, KF). 
MRI-AGCM3.2 that uses the AS scheme is similar to the JMA short range forecast model. We 
conducted three experiments using MRI-AGCM3.2: (1) YMM (3.2YMM), (2) AS (3.2AS), and (3) 
KF (3.2KF). In these experiments the horizontal resolution of the model was a linear triangular 
truncation at wave number 319 (TL319), corresponding to the grid size of 60 km at the equator. The 
sea surface temperature (SST) and sea ice distribution given to the model were obtained from 
HadISST1.1. The period of numerical integration was 1979–2003. We compared the simulated 
25-year average hourly precipitation with the observed 10-year climatology derived from the 
Tropical Rainfall Measuring Mission (TRMM) 3G68V7/PR gridded precipitation radar product, 
which only covered the period 1998–2007 because of restricted data availability. 

Figure 1 shows the annual mean precipitation diurnal cycle for the tropics (30°S–30°N) over land 
and ocean. Over land, the observed precipitation has its maximum at 1600 local time (LT). However, 
the simulated precipitation in the 3.2YMM and 3.2KF runs has its maximum at 1400 LT, two hours 
earlier than that in the observations, that is a problem shared among global atmospheric models. In 
3.2AS, precipitation has its maximum at 1700–1800 LT, 1–2 hours later than the observations. 
Minimum precipitation over land in all experiments is a few hours earlier than the observations 
(0900–1000 LT). Over ocean, observed precipitation reached its maximum (minimum) at 0500–0600 
LT (1900–2000 LT). The diurnal cycle in all experiments of MRI-AGCM3.2 is close to that in the 
observations. In addition, oceanic precipitation in 3.2AS had a secondary maximum at 1400–1500 
LT, and the observations showed a similar secondary maximum in the afternoon (1300 LT). 

Over land, the precipitation maximum in run 3.2AS was a few hours later than in 3.2YMM and 
3.2KF. The diurnal cycle in 3.2AS was similar to that in 3.2YMM and 3.2KF between midnight and 
1000 LT. However, after 1000 LT the increase rate of hourly precipitation in 3.2AS was lower than 
that in 3.2YMM and 3.2KF. The reduced convective activity during the daytime in 3.2AS would be 
associated with the DCAPE scheme (Nakagawa 2008, Xie et al. 2000) introduced in 3.2AS. 

To examine the impact of the DCAPE scheme on the precipitation diurnal cycle, we compared 
our results with the hourly precipitation simulated by MRI-AGCM3.1 (3.1AS; Kitoh et al. 2009), 
which uses AS as its convective parameterization but does not include the DCAPE scheme, under 
the same boundary conditions. Over land, the precipitation diurnal cycle in 3.1AS has its maximum 
(minimum) at 1400–1500 LT (0700 LT), which is similar to that in 3.2YMM and 3.2KF. Over ocean, 
on the other hand, the cycle in 3.1AS is similar to that in 3.2AS. The DCAPE scheme would delay 
the timing of precipitation diurnal cycle over land, although the fact that some of the physical 
processes used in MRI-AGCM3.1 differ to those in MRI-AGCM3.2 (e.g., the radiation scheme) may 
also change the timing of precipitation diurnal cycle. The mechanism that causes these differences 
remains unclear and should be the focus of future research. 



 

 
Figure 1: Annual mean precipitation diurnal cycle for the tropics (30°S–30°N) simulated by 

MRI-AGCM3 over land (left) and ocean (right). Units: mm/hour. Black line shows the observations 
(TRMM 3G68V7/PR). The red, blue, and green lines are MRI-AGCM3.2 with the Yoshimura 
(3.2YMM), Arakawa–Schubert (3.2AS), and Kain–Fritsch (3.2KF) schemes, respectively; the purple 
line is MRI-AGCM3.1 with the Arakawa–Schubert scheme (3.1AS). 
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The carbon pool in the permafrost regions of the Northern Hemisphere is estimated at about 
1.7 billion tons [1]. This pool exceeds more than twice the total amount of carbon in the atmosphere. 
At the end of the 20th century the rate of the annual mean temperature increase in the Arctic regions 
was 0.03°C per year [2]. According to simulations with global climate models [3-4],  it may increase  
up to 0.05°C per year in the 21st century. As a result, an increase in the depth of the active layer is 
expected along with the inclusion of organic matter into the biogeochemical cycle in the thawed 
permafrost, which can lead to the emission of greenhouse gases into the atmosphere [5-6].

Soil carbon was measured at the experimental site of the tundra zone (67o22'N,78o37'E) for 
07.2013-10.2013 [7]. To estimate carbon contents in the mineral soil, the Tyurin method for low 
organic carbon content was used. The measured vertical distribution of soil carbon (mean for six 
experimental sites) is shown in Fig. 1.

Fig. 1. The measured profile of soil carbon distributions in the mineral soil of the tundra 
zone (67o22'N,78o37'E). The blue bars show the observed range of soil carbon content at 
experimental sites.

According to  the instrumental observations, the organic matter density  in the  upper one-
meter soil layer  in the ecosystems  of  Siberia, Alaska, Canada, and Tibet varies in a  rather wide 
range from 2–8 to 9–14 kg C m–2 [8].

A one-dimensional version of the plant-soil model [9] was used. The distance between the 
vertical model levels in the soil was set to 10 cm in numerical simulations.  The depth of the soil 
column in the experiments was  200 cm and the model time step was 1 day. The simulated soil 
carbon and nitrogen profiles in the equilibrium case are shown in Fig. 2. 

Fig. 2.  The simulated profiles of soil carbon (left) and nitrogen (right)  in the first meter of soil.



The carbon content in the first meter of soil estimated from model simulations was about 1.7 kg 
C m-2. This agrees with observations (Fig. 1), 1.77±1.21 kg C m-2.
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The surface air temperature has been growing over land at high latitudes in the 
last few decades.  This effect increases the permafrost temperature in some parts of 
the sub-Arctic region of Eurasia [1, 2]. In its turn, higher temperatures in the upper 
soil layers may lead to higher rates of decomposition of organic material and, 
consequently, to an increase in the greenhouse gases emission to the atmosphere 
from the soil [3]. A number of numerical experiments were conducted with a 
dynamical model of heat and moisture transfer in the soil forced by the RCP 
scenarios of anthropogenic impact. The areas where the soil temperature is to 
increase significantly (by more than 0.04 C/yr) in the 21st century were identified. 
The minimum trends (less than 0.01 C/yr) of soil temperature were obtained in the 
northern part of Eastern Siberia. According to the RCP 2.6 scenario, the thawed layer 
thickness increases by more than 1 m on the southern border of the permafrost in 
Western and Eastern Siberia as well as in the Tibet. The smallest increase in the 
thawed layer thickness is found for the north-western regions of central Siberia. For 
the most aggressive anthropogenic scenario RCP 8.5, the thawed layer thickness  
increases by more than 5 m in Western Siberia and the Baikal region. The increase in 
the thaw depth leads to the involvement of the organic matter conserved in 
permafrost to the global biogeochemical cycle.

Fig.1 Changes in methane emission in the northern Siberia in the 21
st
 century for the RCP 

8.5 anthropogenic scenario. 



A model of methane emission from wetlands, which takes into account the 
amount of soil carbon substrate in soil for the methane production [4-6], was used to 
estimate the changes in methane emissions from wetlands in Northern Eurasia in the 
21st century under different scenarios of anthropogenic impact. For the most 
aggressive RCP 8.5 scenario of anthropogenic impact, the methane emissions more 
than tripled in this region; the largest increase in emissions (up to 10 mgCH4 / m2 / 
year) was obtained for the northern regions of Western Siberia (Fig. 1).
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1. Introduction 

The cloud feedbacks in the MRI-CGCM3 (Yukimoto et al. 

2012), which was used for CMIP5 simulations, were 

investigated. Changes in vertical profiles of cloud radiative 

effect (CRE), cloud cover, liquid and ice water content (LWC 

and IWC), and number concentrations of cloud droplets and 

ice crystals were examined. These profile changes were 

examined for several areas in which typical cloud regimes are 

dominant, to understand the contributions from each cloud 

regime to the global cloud feedback. 

 

2. Model and Experiments 

The model resolution is TL159L48 and the prognostic 

variables are cloud cover, LWC, IWC, and number 

concentrations of cloud droplets and ice crystals. 

31 years averages (1979−2009) of data from AMIP and 

AMIP+4K runs are used for the analysis. AMIP and 

AMIP+4K run data of experiments with the convection 

scheme switched off, which was run under a project 

SPOOKIE (Webb et al. 2015b), are also examined to 

understand the roles of convection schemes for the cloud 

feedback in MRI-CGCM3. 

The cloud feedback in MRI-CGCM3 for 

shortwave radiation is +0.43, for the longwave is 

−0.31, and the sum is +0.12 W/m2/K. Figure 1 

shows the CRE change for the sum of shortwave 

and longwave radiation at the top of the 

atmosphere. 

 

3. Results 
3.1. Global Mean 

To understand the cloud feedback, the vertical 

profile of the CRE change was examined. The top left panel 

in Fig. 2 shows the CRE profile change for upward shortwave 

radiation. The CRE change is negative for 230 – 100 hPa, 

positive for 450 – 230hPa, negative for 900 – 700 hPa, and 

positive for surface – 900hPa, and the sum produces a 

positive shortwave cloud feedback in total. To understand the 

contribution of changes in cloud properties, vertical profiles 

of cloud cover, in-cloud LWC and IWC, in-cloud cloud 

droplet and ice crystal number concentrations were examined. 

Above 230 hPa, the increases in cloud cover and in-cloud 

IWC contribute to the negative CRE change. The increase in 

cloud cover is mainly caused by higher top of deep 

convection, and the increase in in-cloud IWC is partly 

attributed to larger saturation specific humidity in AMIP+4K. 

For 450 – 230 hPa, decreases in cloud cover and in-cloud ice 

crystal number concentration, which overcome the increase in 

in-cloud IWC, contribute to the positive CRE change. It is 

plausible that the large increase in in-cloud LWC without 

significant change in cloud cover contributes to the negative 

CRE change at 900 – 700 hPa. The increase in in-cloud LWC 

is partly caused by the larger saturation specific humidity and 

the phase change of ice crystals to liquid droplets near 0 ºC 

Fig. 2: From the top left, vertical profiles of CRE change for upward shortwave 

radiation from AMIP to AMIP+4K, in-cloud LWC and IWC, cloud cover, in-cloud 

cloud droplet and ice crystal number concentrations (black: AMIP, green: AMIP+4K). 

Global average for 31 years data. 

Fig. 1: CRE change for the sum of shortwave and 

longwave radiation at the top of the atmosphere 

(AMIP+4K – AMIP). 
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altitude in AMIP+4K. Below 900 hPa, the positive CRE 

change is likely caused by reduction in the number 

concentration of cloud droplets. Some of these characteristics 

of changes related to clouds in MRI-CGCM3 are briefly 

mentioned in Webb et al. (2015a). 

3.2. Changes in typical areas 

To understand contributions from typical cloud regimes to 

the global average profiles, results from some areas are 

described below. 

3.2.1. Deep convection area 

Figure 3 shows that cloud cover is significantly reduced 

for 700 – 170 hPa in the AMIP+4K experiment in the 

Indochina area shown in Fig.1. This decrease is consistent 

with a reduction in relative humidity (figure not shown). The 

stronger drying by convective processes plausibly contributes 

to the change. Though the convection-off experiment shows 

similar characteristics to some extent, the change is much 

smaller than in the convection-on experiment. 

3.2.2. Mid-latitudes 

Figure 4 shows that cloud cover is reduced for 950 – 300 

hPa in AMIP+4K experiment in the North Pacific area shown 

in Fig.1. The Convection-off experiment shows similar 

characteristics (except below 750hPa). Therefore, probably 

processes other than convection cause these changes. The 

results from the Southern Ocean area also shows similar 

characteristics (figure not shown). 

3.2.3. Stratocumulus to Shallow Convection 

Area 

Figure 5 shows that cloud cover associated with the 

shallow convection regime increases and stratocumulus cloud 

cover decreases in AMIP+4K. These changes are consistent 

with those in relative humidity, which are partly attributed to 

more intensive transport of humidity by shallow convection 

in AMIP+4K. When the convection scheme is switched off, 

the increase in cloud cover corresponding to shallow 

convection does not occur (figure not shown). 

A large decrease in number concentration of cloud droplet 

is found in stratocumulus clouds, and this decrease 

contributes to the global average decrease shown in Fig.2. 

However, a bug related to number concentration equations 

could affect this large decrease, and so we will not discuss 

this change further. Note that the decrease in number 

concentration of cloud droplets is also found in a test run 

using a bug fix version, though the decrease is much less than 

in CMIP5 simulation. 

3.3. Changes in aerosol concentrations 

A large reduction in aerosol mass concentration is found 

in the AMIP+4K simulation at higher than 400hPa (figure not 

shown), which causes a reduction in calculated aerosol and 

ice nuclei number concentrations, contributing to a reduction 

in ice crystal number concentration. The reduction in aerosol 

can presumably be attributed to the increase in precipitation 

and decrease in convective mass flux over tropics in 

AMIP+4K simulation. 
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Fig. 3: Cloud cover profile for AMIP (black) and AMIP+4K (green) 

for the Indochina area shown in Fig. 1. Results of the normal model 

(left) and the convection switched off version are shown. 
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A record flood in the Amur River basin in 2013 was due to long intense rainfall in 
July-August. It was associated with the long atmospheric blocking anticyclone over the 
Pacific and with an extremely high surface temperature in the West Pacific. Key features of 
the Amur River basin are related to the East-Asian monsoon effects. An increase in the soil 
moisture during last years in the Far East regions facilitated an increase in the risk of 
anomalous floods in the Amur River basin [1-3]. 

Figure 1 shows meridional distributions of the summer blocking frequency in 
the Northern Hemisphere from reanalysis data for different years from 1969 to 
2013 with dedicated distributions for 2013, 2010 and mean conditions [3]. The summer of 
2013 (red curve) is characterized by  high frequency of blocking activity over the Pacific.  

Figure 1. Meridional distributions of the summer blocking frequency in the Northern 
Hemisphere for different years during 1969-2013 with dedicated distributions for 2013 (red 
curve), 2010 (black curve) and mean conditions (green curve).  

Long-lived atmospheric blockings over the Pacific during active periods of 
summer monsoon increase the risk of extreme phenomena in the Far East as it happened in 
2013. With the general monsoons' intensification under global warming related to the 
increase in the atmospheric water-holding capacity and greater water vapor capacity 
of the atmospheric cyclones (with more intense rainfall), an increase in the risk of extreme 
floods in the Amur basin should be expected . 

To assess possible changes, the CMIP5 multi-model simulations with RCP scenarios 
for the 21st century can be used. Figure 2 presents an example of estimates for trends in 
summer precipitation (mm/10 years) in the Northern Hemisphere from MPI-ESM-MR 
simulations with the RCP4.5 scenario for the 21st century (2006-2100) [3].  

According to Fig. 2, the maxima of the summer precipitation trend in the 21st 
century are in the Far East, in particular in the Amur River basin. The obtained model 
estimates show an overall increase in the probability of extreme precipitation and 
runoff in the Amur River basin during monsoon seasons  (summer - fall)  under global 



warming in the 21st century.  

Figure 2. Estimated trends of summer precipitation (mm/10 years) in the 21st century 
(2006-2100) from climate model simulations (MPI-ESM-MR) with RCP4.5 scenario.  

The risk of floods in the Amur River basin increases under global warming due to the 
possible increase of monsoon activity and total duration of summer blockings over the 
Pacific. A large uncertainty of the model estimates of possible hydrological changes in the 
Amur River basin should be also noted. It is related to the large natural variability of 
hydrological conditions (including runoff) in the Amur River basin observed since the end of 
the 19th century [3]. Significant effects associated with the Pacific Decadal Oscillation 
and El-Nino/Southern Oscillation are detected, in particular [3]. 
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Temperature variations at the mesopause (MT) Tm measured in 1960-2014 at the 
Zvenigorod Scientific Station (56N, 37E) of the A.M. Obukhov Institute of Atmospheric Physics 
RAS (ZSS IAP RAS) are analyzed in comparison with variations of global surface air 
temperature (GSAT) δTgs [1].  Long-term simulations with the INM-CM3.0 global climate 
model for the 20th-21st centuries are considered as well [2].  

Tm|S,K 

years 
Fig. 1. The interannual Tm|S variations (K) from winter observations at the ZSS IAP RAS 
during the period 1960-2014 (black curve - with 21-year moving averaging). 

Figure 1 presents the interannual MT variations obtained from winter observations at 
the ZSS IAP RAS during the period 1960-2014; variations associated with solar activity S 
(Tm|S) are excluded. The interannual variations show a strong general decrease of Tm|S 
during the second half of the 20th century in winter (December-January-February) with a 
significant slowing of this cooling during the last decades.  

Tm(S),K 

δTgs,K 
Fig. 2. The relationship between Tm(S) variations from observations at the ZSS IAP RAS (K, 
ordinate) and variations of global surface temperature δTgs (K, abscissa) in winter during the last 
55 years (black curve - with 21-year moving averaging). 



Figure 2 characterizes the relationship between MT variations obtained from the 
observations at the ZSS IAP RAS without excluding variations associated with solar 
Tm(S) and GSAT variations (http://www.cru.uea.ac.uk/cru/data/temperature/) in winter 
during the last 55 years (1960-2014). A significant correlation between MT and GSAT was 
obtained for the whole time interval analyzed (1960-2014). There are essential differences for 
various decadal-scale intervals for the shorter intervals. It should be noted that the cross-
wavelet analysis [3] did not reveal significant coherence of the most long-period variations in 
MT and GSAT for the analyzed data series. This is due to the relatively short length of the data 
series considered in the study.  

To estimate the expected long-term coherence between MT and GSAT variations 
numerical simulations with global climate models can be used. Figure 3 shows the 
wavelet coherence between GSAT and MT (at the 0.005 hPa level ) at 56N in winter found 
by INM-CM3.0 simulations with anthropogenic forcing according to the SRES-A2 scenario for 
the 21st century. Solid thin lines separate areas of edge effects, and solid thick lines bound 
the areas with local coherence at the 95% significance level.  

Fig. 3. Wavelet coherence between GSAT and MT (at the level 0.005 hPa) at the latitude 56N in 
winter from INM-CM3.0 simulations with anthropogenic scenario SRES-A2 for the 21st century.  

The results of model simulations show the statistically significant negative coherence 
between MT and GSAT variations with periods larger than 3 decades. To display such a 
coherence from observations it is necessary to have at least twice longer data set for MT.  
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The atmosphere-ocean-land carbon dioxide exchange with periodic external forcings of 
different types is considered. The aim is to determine the phase shift between the global temperature 
and the atmospheric carbon dioxide concentration. 

The coupled climate-carbon system is governed by the following equations: 
C0(dq/dt) = E(t) – Foc – Fland , 

dD/dt = Foc , 

d(Mb + Ms)/dt = Fland , 
 

C (dT/dt) = Rx ln(q/q0) + R(t) – λT , 
 

where q is the deviation of atmospheric CО2 concentration from the preindustrial value q0 = 278 
pmm; D is the corresponding deviation of carbon stock in the ocean; Mb и Ms are the deviations of 
carbon stock in biota and soil, respectively; T is the temperature deviation; с0 = 2.123 GtC/ppm; 
Foc is the CО2 flux from atmosphere to ocean; Fland is the CО2 fluxes from atmosphere to land 
ecosystems; C = 109 J/m2·K is the heat capacity per unit area; Rx = 5.34 W/m2, λ = (0,82 ÷ 2,46) 
W/m2·K is the feedback factor, R(t) is the radiative forcing (RF), E(t) is the external (e.g., 
anthropogenic) CO2 emission to the atmosphere. 

The CO2 exchange between the atmosphere and the ocean is described by a Bacastow- 
type model but with temperature-dependent chemical constants in the ocean [Meier-Reimer E. and 
Hasselmann K., 1987]. The  CO2 flux from the  atmosphere to land ecosystems and ocean is 
determined according to [Eliseev, Mokhov, 2007]. 

Numerical simulations were performed with the above-described model for different types of 
periodic forcing: 

1) R(t) = R0 sin(ωt), E(t) ≡ 0; 
2) R(t) = R0 sin(ωt), E(t) = E0 exp(At). 

Case 2) is modeling the situation in the 20th century. 
In case 1) T can lag behind q or lead it depending on the forcing period. Long-period RF 

causes leading q, short-period RF causes leading T (Fig. 1). 
In case 2) the result is identical to case 1). This result can be explained when 

considering the linearized model. 
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Figure 1. The phase shift divided to the RF period as a function of RF period (centuries). 
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Considerable reduction of the permafrost area and thawing depth in the Northern Hemisphere 
(NH) with global warming is projected in the 21st century by climate models (IPCC 2013). 
The permafrost changes have considerable effect on infrastructure and may also feedback to 
global climate through an increase of greenhouse gases emission from soil to the atmosphere 
from the decaying organic matter. While there are a number of studies estimating externally 
forced changes of permafrost in scenario climate models simulations, there is not much 
known about a possible range of permafrost changes caused by internal climate variations. 
The major part of internal long-term climate variability in the northern extratropics is related 
to the Atlantic Multiecadal Oscillation (AMO). AMO is linked to quasi-periodical oscillation 
of sea surface temperature (SST) in the North Atlantic and possible Arctic sea ice area with 
60-70 year period (e.g., Schlesinger and Ramankutty 1995). AMO, in particular, has a 
significant impact on temperature and precipitation over Eurasia on decadal to multidecadal 
time scale (e.g., Mokhov et al. 2008). 
Here, estimates of AMO impact on permafrost area and thawing depth in the NH based on 
climate model simulations are presented. We employ the atmospheric general circulation 
model ECHAM5 of T31 (3.8°x3.8°) spatial resolution coupled with mixed layer (50m) ocean 
model (Roeckner et al. 2003). Two 500 years long simulations are analyzed. One is a control, 
with climatological oceanic heat convergence fluxes (OHCF) and another is with additional 
AMO related OHCF. AMO is represented by periodically (60 yrs) varying anomalous OHCF 
in the NA and the Arctic. The AMO related flux pattern is the same is the one used in 
Semenov et al. (2010). Such an idealized simulation does not represent a full spectrum of 
internal ocean dynamics but allow one to disentangle the AMO effect. Main characteristics of 
permafrost are obtained using numerical scheme of heat and moisture transfer in the 
atmosphere-underlying surface-soil accounting for dynamics of frozen and thaw layers 
boundaries with water phase changes (Arzhanov et al. 2008). As an AMO index, SST 
anomalies average over 40N-60N,50W-10E box are used. 
 

 
Fig.1. Wavelet spectra of NH permafrost area in control (a) and AMO-forced (b) simulations. 
Dashed lines show upper 95% confidence level of the fitted AR-1 process.  



Variations of the NH permafrost area exhibit a statistically significant maximum at 60 yr 
period in the AMO-forced simulation that is absent in the control run (Fig.1). Amplitude of 
the NH area variations related to AMO transition from low to high phase amounts to 
1.5 mln.km2.   
 

 
Fig.2. Correlation of the permafrost thawing depth with AMO index in control (a) and AMO-
forced (b) simulations. All time series are smoothed with 11-yr running means. 

AMO index in the AMO-forced simulations correlates with permafrost depth in the Eastern 
Eurasia and Canadian Archipelago with maximal correlations exceeding 0.4 (statistically 
significant at 90% confidence level) (Fig.2a). The control simulation does not reveal 
significant correlations over Eurasia despite comparable amplitude of internally caused AMO 
SST index variations (Fig.2a). Regression of the AMO index on thawing depth reaches 0.1m 
(not shown). Our analysis reveals a significant impact of AMO on the NH permafrost 
characteristics that is, however, considerably smaller than expected anthropogenically caused 
changes simulated by climate models to the end of the 21st century. The models project from 3 
to 6 1.5 mln.km2 area reduction depending on emission scenario (IPCC 2013) 
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