Climate change in the high latitudes of Eurasia
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Abstract. Climatic changes over the high latitudes of Northern Eurasia in the 20th century have been reflected in many atmospheric and terrestrial variables. This extended abstract shows only a few examples, while the presentation (http://neespi.org/web-content/meetings/Helsinki_2008/Day1_8_Groisman.pdf) provided a more complete picture.  

Temperature. Magnitudes of contemporary warming are higher over high latitudes than over tropics (Figure 1). They are higher over continents than over oceans and in the cold season than over the warm season (IPCC 2007).  Thus, Northern Eurasia is the region where the changes are among the highest over the Globe with annual winter temperature increased by more than 2(C during the period of instrumental observations  and summer temperature in the Eurasian Arctic showing an increase by 1.35(C since 1881 (Archive of Lugina et al. 2007).  The summer warming in the Eurasian Arctic is a new phenomenon observed during the past several decades. Summer temperatures control most of polar vegetation in the region where surface radiation balance (SRB) is positive only for a short period of the year.  But, in the middle of this period, it exceeds the SRB values in Sahara or southern California.  The consequences for land cover composition of this SRB and temperature changes are not yet well understood.
Sea Ice. North of the Eurasian coast, The Arctic Ocean is located in a region that is ice-covered most of the time. Sea ice extent in the Arctic varied in the past (e.g., it was estimated to shrink by 10% by the end of 1930s; Fletcher 1970).   During the past three decades a new decline in sea ice extent and depth has occurred. The changes, being now monitored from satellites and submarines, are more reliable and substantial (Figure 2a).  It looks like the Arctic Ocean is moving to perennial ice-free conditions and has already lost nearly half of its end-of-summer extent since the late 1970s. This change, while causing some impact on the regional albedo, affects dramatically the cold season heat fluxes from the Ocean (with temperatures around 0(C) into the atmosphere  whereas in the presence of the sea ice that insulates the “warm” ocean the surface temperature can be -40(C.  Recent GCM simulations (Sokolov 2008; Figure 2b) show that the atmospheric forcing by the sea ice changes in high latitude land areas is responsible for more than half of the regional warming with a peak in December.  These numerical experiments were run with different boundary conditions but always with the sea surface temperature (SST) forcing. The experiment the SST forcing but with an unchanged sea ice extent generated the near-surface land atmospheric warming that was alike in the tropics and in the high latitudes of the Northern Hemisphere.  Note, that the changes reported in land areas north of 60(N in Figure 2b and Figure 1 are practically the same. Thus, the NEESPI domain, particularly in its Arctic part, is being affected by global and regional “external” factors that are causing its change and the positive feedbacks to this forcing may further exaggerate the situation (cf., Shugart; Goetz; and N. Shiklomanov in this issue).
Snow cover is the most dynamic component of the cryosphere.  From 1 week to 10 months, seasonal snow cover is observed practically over the entire Northern Eurasia and substantially controls the energy and water balances of the region and terrestrial ecosystems.  The longest satellite data set (started in the late sixties of the past century) delivers snow cover extent variations over the Northern Hemisphere (Robinson et al. 1993; Figure 3) was recently expanded into the past for Northern Eurasia (Brown 2000; Groisman et al. 2006).  Analyses of these and the in situ snow cover data show that (a) during the past 40 years there were no systematic changes in winter and a systematic retreat of spring snow cover with a general decrease of the period with snow on the ground  while maximum snow depth in the Eurasian Arctic has increased (cf., Bulygina and Razuvaev, this issue).
Temperature derivatives.  While changes in surface air temperature and precipitation are most commonly addressed in the literature (cf., ACIA 2005), changes in their derived variables (variables of economic, social and ecological interest based upon daily temperatures and precipitation) have received less attention. The list of these variables (indices) includes: frequency of  extremes in precipitation and temperature; frequency of thaws; heating degree days; growing season duration; sum of temperatures above/below a given threshold; days without frost; day-to-day temperature variability; precipitation frequency; and precipitation type fraction. In practice, these and other indices are often used instead of “raw” temperature and precipitation values for numerous applications that include modeling of crop-yields, prediction and planning for pest management, plant-species development, greenhouse operations, food-processing, heat oil consumption in remote locations, electricity sales, heating system design, power plant construction, energy distribution, reservoir operations, floods and forest fires.  These indices provide measurements for the analysis of changes that might impact agriculture, energy, and ecological aspects of high latitudes.  Figure 4 gives examples of changes in a few temperature-derived characteristics for the former USSR and Fennoscandia. Two-digit percent changes in these characteristics during the second half of the 20th century indicate substantial changes that directly affect the regional ecosystems and societal well-being.
Water cycle changes.  Observational data show that the weather conditions in the western half of Northern Eurasia during the 20th century became more humid while east of The Ural Mountains drier weather conditions prevail.   These conditions manifest themselves with an increase in frequency of intense rainfall (over most of the continent), and also with an increased potential forest fire danger, the actual areas consumed by fires, agricultural and hydrological droughts, and prolonged dry episodes (in the east), and with an increase of the water table and lake levels (in the west).  Schematically, these changes are summarized in Figure 5.  The areas north of the Arctic Circle in Siberia in this figure were left blank due to the inadequate density of the regional in situ network for purposes of documenting extreme events changes during the past century.   It is worth  noting that this picture over the northeastern part of Eurasia (regions with permafrost) is overlaid with an increase in streamflow to the Arctic Ocean (cf. A. Shiklomanov, this issue) a fact that  still requires more in-depth explanations.
Summary.  Presented information about changes in global and regional climatic variables over the high latitudes of Northern Eurasia during the past 50 to 100 years implies increases and decreases in risk (when the variables have economic, social and ecological implications).  Whatever “implications” would be assigned to these observed changes, it is important to note that many of them have been significant enough to be noticed above the usual “weather” noise level (in particular, during the past 50 years) and thus should be further investigated in order to adapt to their impacts.
References:

Brown, R.D., 2000: Northern Hemisphere snow cover variability and change, 1915-1997, J. Climate, 13, 2339-2355. 

Budyko, M.I. and K.Y. Vinnikov, 1976: Global warming. Soviet Meteorology and Hydrology, 1976, No. 7, 12‑20.
Bulygina, O N., V. N. Razuvaev, N. N. Korshunova and P. Ya. Groisman, 2007: Climate variations and changes in extreme climate events in Russia. Environ. Res. Lett., 2, No. 4, doi:10.1088/1748-9326/2/4/045020. 
Dai, A., K.E. Trenberth, and T. Qian, 2004: A Global Dataset of Palmer Drought Severity Index for 1870–2002: Relationship with Soil Moisture and Effects of Surface Warming. J. Hydrometeorol., 5, 1117-1130.
Fletcher, J.O, 1970: Influence of polar sea ice on climate.  Izv. Acad. USSR. Ser. Geograph., 1970, No.1, 24-36.

Førland, E.J., and I. Hanssen-Bauer, 2000: Increased precipitation in the Norwegian Arctic: True or False? Climatic Change, 46, 485-509.

Groisman, P.Ya. and E. Ya. Rankova, 2001: Precipitation trends over the Russian permafrost-free zone: removing the artifacts of pre-processing. Internat. J. Climatol. 21, 657-678.  

Groisman, P. Ya., R.W.Knight, D. R. Easterling & T. R. Karl, G. C. Hegerl, and V.N. Razuvaev, 2005: Trends in intense precipitation in the climate record. J. Climate,  18, 1343-1367.  

Groisman, P. Ya.,  R. W. Knight, V. N. Razuvaev,  O. N. Bulygina, and T. R. Karl, 2006:  State of the ground” rarely used characteristic of snow cover and frozen land: Climatology and changes during the past 69 years over Northern Eurasia. J. Climate, 19,  4933-4955.

Groisman, P.Ya., B.G. Sherstyukov, V.N. Razuvaev, R. W. Knight, J.G. Enloe, N.S. Stroumentova, P.H. Whitfield, E. Forland, I. Hannsen-Bauer, H. Tuomenvirta, H. Alexanderson, A.V. Mestcherskaya, and T.R. Karl, 2007:  Potential forest fire danger over Northern Eurasia: Changes during the 20th century. Global Planetary Change, 56, 371-386.
IPCC, 2007: Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Solomon et al., Eds., Cambridge Univ. Press, Cambridge, United Kingdom, 996 p.

Karl, 1998: Regional trends and variations of temperature and precipitation. The regional Impacts of Climate Change: An assessment of Vulnerability. R.T. Watson, M.C. Zinyowera, R.H. Moss, and D.J. Dokken, Eds., Intergovernmental Panel on Climate Change, Cambridge University Press, 412-425.  

Lugina, K.M., P.Ya. Groisman, K.Ya. Vinnikov, V.V. Koknaeva, and N.A. Speranskaya, 2007. Monthly surface air temperature time series area-averaged over the 30-degree latitudinal belts of the globe, 1881-2006. In Trends: A Compendium of Data on Global Change. Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S. Department of Energy, Oak Ridge, Tenn., U.S.A.
Mescherskaya A.V., and V.G. Blazhevich 1997: The Drought and Excessive Moisture Indices in a Historical Perspective in the Principal Grain-Producing Regions of the Former Soviet Union. J. Climate, 10, 2670–2682.
Niu, R. and P.M. Zhai, 2008: Change in Forest Fire Danger Weather Indices over Northern China during the Recent 50 Years.  J. Appl. Meteorol. and Climatol. (in review).
Niu, R. Y., P. M Zhai, W. M. She, 2007: The applied research of forest fire danger weather index. Quart. J. Appl. Meteor., 18 (4), 479-489.

Robinson, D.A., K. F. Dewey & R. Heim, Jr. 1993: Global snow cover monitoring: an update.  Bull. Amer. Meteorol. Soc., 74, 1689-1696.

Sokolov, A., 2008: Impact of decreases in the Arctic sea ice on climate in high latitudinal land areas of the Northern Hemisphere. European Geosciences Union General Assembly, Vienna, 14-19 April, 2008, EGU2008-A-12096. 

Zhai, P., X. Zhang, H. Wan, and X. Pan, 2005: Trends in Total Precipitation and Frequency of Daily Precipitation Extremes over China. J. Climate, 18, 1096–1108.

Zolina, O., C. Simmer, A. Kapala, and S. K. Gulev, 2005: On the robustness of the estimates of centennial-scale variability in heavy precipitation from station data over Europe. Geophys. Res. Lett., 32, L14707, doi:10.1029/2005GL023231.
Figure legends
Figure 1. Annual surface air temperature anomalies, (C, area averaged over the Northern Hemisphere (top), Northern Eurasia north of 40(N (middle), and north of 60(N (bottom) for the past 127 years (1881-2007).  Anomalies were calculated from the long-term mean values for the 1951-1975 reference period. Time series show statistically significant temperature increase (estimated by linear trends) equal to 0.95(C, 1.4(C and 1.7(C per 127 years respectively.  Vertical line marks the year when the first projection of the current global warming was published by Budyko and Vinnikov (1976). Note the difference in scales of the plots for Northern Hemisphere and Northern Eurasia. Thus, while the last year anomaly exceeds 1(C for the Hemisphere, it is well above 2(C for Northern Eurasia and 2.5(C, for Eurasia north of 60(N.  Prior to 2005, the regional Arctic warming of the 1930s (cf., the bottom panel) was characterized by higher temperatures anomalies than thereafter. This fact generated arguments about the concept of the global warming as a global phenomenon. Data source: Archive of Lugina et al. (2007 updated).

Figure 2.  (a) Satellite-derived Northern Hemisphere sea ice extent anomalies (%) (http://nsidc.org/data/seaiceindex/) in  September; (b) Annual land surface air temperature changes due to “forcing” by SST and sea ice changes (Sokolov 2008).
Figure 3.  Winter (left) and spring (right) snow cover extent anomalies over Eurasia for the period 1967-2008 (data source: Global Snow Lab, Rutgers University, USA; http://climate.rutgers.edu/snowcover/).
Figure 4.  (left) Changes of several temperature-derived characteristics within the former USSR boundaries during the 1951-2004 period (right) Changes of the frequency of days with thaw over Fennoscandia (day with thaw is defined as a day with snow on the ground and daily temperature above -2(C). 
Figure 5.  Changes in the surface water cycle over Northern Eurasia that have been statistically significant in the 20th century (a composite of results of Karl, 1998, Førland, E.J., and I. Hanssen-Bauer, 2000; Groisman and Rankova 2001; Mescherskaya and Blazhevich 1997 updated;, Dai et al. 2004; Zhai et al. 2005; Niu et al. 2007; Bulygina et al. 2007; Niu and Zhai 2008; Groisman et al. (2005, 2007 ; and Zolina et al. 2005).  Regions with more humid conditions (blue), regions where potential forest fire danger has increased in the 20th century (red), the region where agricultural droughts have increased (circled), and the region where prolonged dry episodes have increased (rectangled) are shown. 
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Figure 1. Annual surface air temperature anomalies, (C, area averaged over the Northern Hemisphere (top), Northern Eurasia north of 40(N (middle), and north of 60(N (bottom) for the past 127 years (1881-2007).  Anomalies were calculated from the long-term mean values for the 1951-1975 reference period. Time series show statistically significant temperature increase (estimated by linear trends) equal to 0.95(C, 1.4(C and 1.7(C per 127 years respectively.  Vertical line marks the year when the first projection of the current global warming was published by Budyko and Vinnikov (1976). Note the difference in scales of the plots for Northern Hemisphere and Northern Eurasia. Thus, while the last year anomaly exceeds 1(C for the Hemisphere, it is well above 2(C for Northern Eurasia and 2.5(C, for Eurasia north of 60(N.  Prior to 2005, the regional Arctic warming of the 1930s (cf., the bottom panel) was characterized by higher temperatures anomalies than thereafter. This fact generated arguments about the concept of the global warming as a global phenomenon. Data source: Archive of Lugina et al. (2007 updated).
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Figure 2.  (a) Satellite-derived Northern Hemisphere sea ice extent anomalies (%) (http://nsidc.org/data/seaiceindex/) in  September; (b) Annual land surface air temperature changes due to “forcing” by SST and sea ice changes (Sokolov 2008).
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Figure 3.  Winter (left) and spring (right) snow cover extent anomalies over Eurasia for the period 1967-2008 (data source: Global Snow Lab, Rutgers University, USA; http://climate.rutgers.edu/snowcover/).
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Characteristic   Trend estimates,  %/54 yrs 

Former USSR  

Siberia & Russian Far 
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

N

Heating-degree days  -7 -7 

Degree-days below 0ºC  -15 -14

Degree-days above 15ºC  11 20

Duration of the growing season

T> 10ºC                        9      14

T> 5 ºC 8      12

Duration of the frost-free period  8 11
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Figure 4.  (left) Changes of several temperature-derived characteristics within the former USSR boundaries during the 1951-2004 period (right) Changes of the frequency of days with thaw over Fennoscandia (day with thaw is defined as a day with snow on the ground and daily temperature above -2(C). 

Figure 5.  Changes in the surface water cycle over Northern Eurasia that have been statistically significant in the 20th century (a composite of results of Karl, 1998, Førland, E.J., and I. Hanssen-Bauer, 2000; Groisman and Rankova 2001; Mescherskaya and Blazhevich 1997 updated;, Dai et al. 2004; Zhai et al. 2005; Niu et al. 2007; Bulygina et al. 2007; Niu and Zhai 2008; Groisman et al. (2005, 2007 ; and Zolina et al. 2005).  Regions with more humid conditions (blue), regions where potential forest fire danger has increased in the 20th century (red), the region where agricultural droughts have increased (circled), and the region where prolonged dry episodes have increased (rectangled) are shown. 

(C





(C








(C





b





a














