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ÌÎÐÑÊÎÉ ËÅÄ Â ÌÎÄÅËßÕ CMIP5: 
ÁËÈÆÅ Ê ÐÅÀËÜÍÎÑÒÈ?

Ò. Â. Ïàâëîâà, Â. Ì. Êàòöîâ, Â. À. Ãîâîðêîâà

Ãëàâíàÿ ãåîôèçè÷åñêàÿ îáñåðâàòîðèÿ èì. À. È. Âîåéêîâà

194021, ã. Ñàíêò-Ïåòåðáóðã, óë. Êàðáûøåâà, 7

E-mail: pavlova@main.mgo.rssi.ru

Ïîñòóïèëà â ðåäàêöèþ 3.11.2011

Â î÷åðåäíîì, Ïÿòîì îöåíî÷íîì äîêëàäå Ïåðâîé ðàáî÷åé ãðóïïû 
Ìåæïðàâèòåëüñòâåííîé ãðóïïû ýêñïåðòîâ ïî èçìåíåíèÿì êëèìàòà 
(ÌÃÝÈÊ), ïóáëèêàöèÿ êîòîðîãî íàìå÷åíà íà 2013 ã., ïðåäïîëàãà-
åòñÿ èñïîëüçîâàòü ðåçóëüòàòû ðàñ÷åòîâ ýâîëþöèè êëèìàòà â 20-ì 
è 21-ì âåêàõ (è íà áîëåå îòäàëåííóþ ïåðñïåêòèâó) ñ ïîìîùüþ êëè-
ìàòè÷åñêèõ ìîäåëåé íîâîãî ïîêîëåíèÿ, ðàçðàáîòàííûõ â âåäóùèõ 
èññëåäîâàòåëüñêèõ öåíòðàõ ìèðà. Ñ öåëüþ íàó÷íîãî îáåñïå÷åíèÿ 
ïîäãîòîâêè Ïÿòîãî äîêëàäà ÌÃÝÈÊ Âñåìèðíàÿ ïðîãðàììà èññëå-
äîâàíèé êëèìàòà èíèöèèðîâàëà ïÿòóþ ôàçó Ìåæäóíàðîäíîãî ïðî-
åêòà ñðàâíåíèÿ îáúåäèíåííûõ ìîäåëåé CMIP5 (Taylor et al., 2009). 
Ôîðìàò ýòîãî ïðîåêòà ñóùåñòâåííî ðàñøèðåí ïî ñðàâíåíèþ ñ ïðåä-
ûäóùåé ôàçîé — CMIP3, îáåñïå÷èâøåé ïîäãîòîâêó ×åòâåðòîãî 
äîêëàäà ÌÃÝÈÊ (2007 ã.). Â ÷àñòíîñòè, ïîìèìî òðàäèöèîííûõ àí-
ñàìáëåâûõ ðàñ÷åòîâ êëèìàòà 19—21-ãî âåêîâ, êëèìàòè÷åñêèå öåí-
òðû ïðîâîäÿò ñåðèþ ðàñ÷åòîâ íà äåñÿòèëåòèÿ ñ èíèöèàëèçàöèåé â 
îïðåäåëåííûå ãîäû âòîðîé ïîëîâèíû 20-ãî — íà÷àëà 21-ãî âåêà. 

Ðåàëèçàöèÿ ýêñïåðèìåíòàëüíîé ÷àñòè CMIP5 ïðåäïîëàãàåò ãå-
íåðèðîâàíèå ìîäåëÿìè áåñïðåöåäåíòíîãî îáúåìà äàííûõ — â îáùåé 
ñëîæíîñòè ïîðÿäêà ïåòàáàéòà (ïðîòèâ äåñÿòêîâ òåðàáàéò CMIP3). 
Ýòî óâåëè÷åíèå ÿâëÿåòñÿ ñëåäñòâèåì ðàñøèðåíèÿ ñïèñêà çàïëàíè-
ðîâàííûõ ýêñïåðèìåíòîâ, à òàêæå óâåëè÷åíèÿ ÷èñëà ìîäåëåé, èõ 
ïðîñòðàíñòâåííîãî ðàçðåøåíèÿ è âðåìåííîé äèñêðåòèçàöèè àðõè-
âèðóåìûõ äàííûõ (ñóòî÷íîãî è áîëåå âûñîêîãî ðàçðåøåíèÿ). 
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Ìîäåëüíûå äàííûå àðõèâèðóþòñÿ â Ëèâåðìîðñêîé ëàáîðàòî-
ðèè ÑØÀ è ïðåäîñòàâëÿþòñÿ ó÷àñòíèêàì äèàãíîñòè÷åñêîé ÷àñòè 
CMIP5, â ÷èñëî êîòîðûõ âõîäÿò è àâòîðû íàñòîÿùåé ðàáîòû.

Äèàãíîñòè÷åñêèå ïðîåêòû CMIP5 îáåùàþò åùå áîëüøåå òå-
ìàòè÷åñêîå ðàçíîîáðàçèå, ÷åì îêîëî 1200 ïðîåêòîâ CMIP3. Â íà-
ñòîÿùåå âðåìÿ äëÿ àíàëèçà äîñòóïíû äàííûå ïðèìåðíî ïîëîâèíû 
ìîäåëåé, çàÿâëåííûõ â «äîëãîñðî÷íîé» (íà ñîòíè ëåò) êàòåãîðèè 
ýêñïåðèìåíòîâ CMIP5. Ýòî êîëè÷åñòâî ïîçâîëÿåò ïîëó÷èòü ïðåä-
âàðèòåëüíûå îöåíêè êà÷åñòâà âîñïðîèçâåäåíèÿ àíñàìáëåì ìîäå-
ëåé ðàçëè÷íûõ àñïåêòîâ íàáëþäàåìîãî ñîñòîÿíèÿ êëèìàòè÷åñêîé 
ñèñòåìû.

Íàñòîÿùàÿ ðàáîòà ïîñâÿùåíà àíàëèçó âîñïðîèçâåäåíèÿ ìîäå-
ëÿìè CMIP5 íåêîòîðûõ õàðàêòåðèñòèê ëåäÿíîãî ïîêðîâà Ìèðîâîãî 
îêåàíà — â ñðàâíåíèè ñ ìîäåëÿìè CMIP3, äåòàëüíî ðàññìàòðèâàâ-
øèìèñÿ ðÿäîì àâòîðîâ, â òîì ÷èñëå â ðàáîòå Êàòöîâà è äð. (2007). 

Â íàñòîÿùåì èññëåäîâàíèè áûëè ïðîàíàëèçèðîâàíû ðåçóëü-
òàòû ðàñ÷åòîâ ìîðñêîãî ëüäà ñ ïîìîùüþ 16 ìîäåëåé CMIP5: 
BCC-CSM1.1 (Êèòàé); CanESM2 (Êàíàäà); CSIRO-Mk3.6 (Àâñòðà-
ëèÿ); GISS-E2-H è GISS-E2-R (ÑØÀ); HadGEM2-ES, HadGEM2-CC 
è HadCM3 (Âåëèêîáðèòàíèÿ); INM-CM4 (Ðîññèÿ); CNRM-CM5 è 
IPSL-CM5A-LR (Ôðàíöèÿ); MIROC4h, MIROC5, MIROC-ESM è 
MRI-CGCM3 (ßïîíèÿ); NorESM1-M (Íîðâåãèÿ).

Äëÿ ñîïîñòàâëåíèÿ ãåîãðàôè÷åñêèõ ðàñïðåäåëåíèé ìîðñêîãî 
ëüäà ìåæäó ìîäåëÿìè è ñ äàííûìè íàáëþäåíèé ìîäåëüíûå äàí-
íûå CMIP5 áûëè ïåðåèíòåðïîëèðîâàíû èç èñõîäíûõ ñåòîê ìîäå-
ëåé â ðåãóëÿðíûå øèðîòíî-äîëãîòíûå ñåòêè 1  1 è 2,5  2,5 .

Áûë èñïîëüçîâàí òàêæå àíñàìáëü èç 17 ìîäåëåé CMIP3: 
BCCR-BCM2.0 (Íîðâåãèÿ); CGCM3.1(T47) è CGCM3.1(T63) (Êà-
íàäà); CSIRO-Mk3.0 (Àâñòðàëèÿ); ECHAM5/MPI-OM (Ãåðìà-
íèÿ); CCSM3, GISS-AOM, GISS-ER è PCM (ÑØÀ); INM-CM3.0 
(Ðîññèÿ); CNRM-CM3 è IPSL-CM4 (Ôðàíöèÿ); MIROC3.2 (hires), 
MIROC3.2 (medres) è MRI-CGCM2.3.2 (ßïîíèÿ); UKMO-HadCM3 è 
UKMO-HadGEM1 (Âåëèêîáðèòàíèÿ). Ýòîò àíñàìáëü, òàê æå êàê è 
ðàññìàòðèâàåìûé àíñàìáëü CMIP5, ôîðìèðîâàëñÿ íå â ðåçóëüòàòå 
öåëåíàïðàâëåííîãî îòáîðà ìîäåëåé, íî âêëþ÷àë âñå äîñòóïíûå ê ìî-
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ìåíòó çàâåðøàþùåé ñòàäèè ïîäãîòîâêè äîêëàäà ìîäåëè, èñêëþ÷àÿ 
ëèøü îäíó, èçâåñòíóþ ÷ðåçâû÷àéíî íèçêèì êà÷åñòâîì ðàñ÷åòîâ. 

Òàêèì îáðàçîì, äâà ñîïîñòàâëÿåìûõ â íàñòîÿùåì èññëåäîâà-
íèè àíñàìáëÿ — CMIP3 è CMIP5 — ôîðìèðîâàëèñü ñëó÷àéíûì 
îáðàçîì, áåç äèñêðèìèíàöèè, à èõ ðåïðåçåíòàòèâíîñòü ïîëàãàåò-
ñÿ äîñòàòî÷íîé äëÿ ïðîâåäåííîãî àíàëèçà. Ãèïîòåçà î ðåïðåçåíòà-
òèâíîñòè àíñàìáëÿ CMIP5 ìîæåò áûòü ïðîâåðåíà ïîñëå òîãî, êàê 
ñòàíóò äîñòóïíûìè äàííûå îñòàëüíûõ ïîëóòîðà äåñÿòêà ìîäåëåé, 
îäíàêî ïðåäñòàâëÿåòñÿ âïîëíå îáîñíîâàííîé êàê ðàáî÷àÿ. Â íåêî-
òîðûõ ñëó÷àÿõ èñïîëüçîâàëîñü ìåíüøåå (íî íå ìåíüøå 12) ÷èñëî 
ìîäåëåé, íàïðèìåð êîãäà áûëî íåîáõîäèìî îäèíàêîâîå ÷èñëî ìî-
äåëåé CMIP3 è CMIP5 (ñì. ðèñ. 1 è 2) äëÿ ñðàâíåíèÿ ñ ×åòâåðòûì 
äîêëàäîì ÌÃÝÈÊ (ñì. ðèñ. 8.1 â ðàáîòå Randall et al. (2007)) èëè 
êîãäà ïðîäîëæèòåëüíîñòü âðåìåííîãî ðÿäà ðåçóëüòàòîâ ðàñ÷åòîâ 
äëÿ íåêîòîðûõ ìîäåëåé áûëà ìåíüøå, ÷åì íåîáõîäèìî äëÿ ñðàâíå-
íèÿ ñ äðóãèìè ìîäåëÿìè (ñì. ðèñ. 5 è 6).

Îöåíêà êà÷åñòâà âîñïðîèçâåäåíèÿ ñðåäíåãî ñîñòîÿíèÿ è ýâî-
ëþöèè ëåäÿíîãî ïîêðîâà Ìèðîâîãî îêåàíà êëèìàòè÷åñêèìè ìîäå-
ëÿìè òðåáóåò íàëè÷èÿ îñíîâàííîé íà äàííûõ íàáëþäåíèé äîñòî-
âåðíîé èíôîðìàöèè î ãëîáàëüíîì ðàñïðåäåëåíèè òàêèõ õàðàêòå-
ðèñòèê ìîðñêîãî ëüäà, êàê åãî ñïëî÷åííîñòü, òîëùèíà, ñêîðîñòü, 
ñîëåíîñòü, ñíåæíûé ïîêðîâ è äð. Ê ñîæàëåíèþ, íàäåæíàÿ êîëè-
÷åñòâåííàÿ îöåíêà áîëüøèíñòâà ïåðå÷èñëåííûõ õàðàêòåðèñòèê íå 
îáåñïå÷èâàåòñÿ ñîâðåìåííûìè ñèñòåìàìè íàáëþäåíèé, ïî êðàéíåé 
ìåðå â ãëîáàëüíîì ìàñøòàáå. Íàèáîëåå ïðèãîäíûìè äëÿ ñîïîñòàâ-
ëåíèÿ ñ ìîäåëüíûìè ðàñ÷åòàìè îñòàþòñÿ èçìåðÿåìàÿ ñ ïîìîùüþ 
ñïóòíèêîâ ñïëî÷åííîñòü ìîðñêîãî ëüäà è ïîëó÷àåìûå íà îñíîâå 
ýòèõ èçìåðåíèé èíòåãðàëüíûå îöåíêè ïëîùàäè ëåäÿíîãî ïîêðîâà. 
Â òî æå âðåìÿ, íåäîñòàòîê äàííûõ î ðàñïðåäåëåíèè òîëùèíû ëå-
äÿíîãî ïîêðîâà îêåàíà îñòàåòñÿ êàìíåì ïðåòêíîâåíèÿ äëÿ îöåíêè 
êà÷åñòâà ëåäîâûõ êîìïîíåíòîâ êëèìàòè÷åñêèõ ìîäåëåé. 

Â íàñòîÿùåì àíàëèçå èñïîëüçîâàíû äâà èñòî÷íèêà äàííûõ, 
îñíîâàííûõ íà íàáëþäåíèÿõ çà ñïëî÷åííîñòüþ ìîðñêîãî ëüäà: 
Öåíòðà Õýäëè (HadISST), Âåëèêîáðèòàíèÿ (Rayner et al., 2003) 
è Íàöèîíàëüíîãî öåíòðà äàííûõ î ñíåãå è ëüäå (NSIDC), ÑØÀ 
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(Fetterer et al., 2002). Òî÷íîñòü àëãîðèòìîâ âîññòàíîâëåíèÿ äàí-
íûõ óñòàíîâëåííûõ íà ñïóòíèêàõ ïàññèâíûõ ìèêðîâîëíîâûõ 
(ÏÌÂ) äàò÷èêîâ äëÿ îöåíêè ïëîùàäè è ñïëî÷åííîñòè ìîðñêîãî 
ëüäà àíàëèçèðîâàëàñü â ðÿäå ðàáîò (íàïðèìåð, Meier and Stroeve 
(2008)). Ðàçëè÷èÿ â ïîëó÷åííûõ íà îñíîâå ðàçíûõ àëãîðèòìîâ èí-
òåãðàëüíûõ îöåíêàõ ïëîùàäè ìîðñêîãî ëüäà äîñòèãàþò 1 ìëí êì2

(ñì., íàïðèìåð, ðèñ. 2 â ðàáîòå Êàòöîâà ñ ñîàâòîðàìè (Kattsov et al., 
2011)). Ïðè ýòîì òðåíäû è àíîìàëèè â ðàçíûõ ÏÌÂ ïðîäóêòàõ, êàê 
ïðàâèëî, ñîãëàñóþòñÿ ëó÷øå, ÷åì àáñîëþòíûå çíà÷åíèÿ ïëîùàäè. 

Â ×åòâåðòîì äîêëàäå ÌÃÝÈÊ â êà÷åñòâå îäíîãî èç âàæíûõ óñî-
âåðøåíñòâîâàíèé êëèìàòè÷åñêèõ ìîäåëåé (CMIP3) îòìå÷åíî âêëþ-
÷åíèå îïèñàíèÿ äèíàìè÷åñêèõ ïðîöåññîâ â ëåäÿíîì ïîêðîâå îêåàíà. 
×òî êàñàåòñÿ ëåäîâûõ êîìïîíåíòîâ ìîäåëåé CMIP5, òî âíåñåííûå â 
íèõ óñîâåðøåíñòâîâàíèÿ ïî îòíîøåíèþ ê ìîäåëÿì CMIP3, åñëè è 
èìåëè ìåñòî, òî íå íîñèëè ñòîëü äðàìàòè÷åñêîãî õàðàêòåðà. Ñîâî-
êóïíàÿ êàðòèíà ðàñïðåäåëåíèÿ ìîðñêîãî ëüäà â îáîèõ ïîëóøàðèÿõ 
äëÿ àíñàìáëÿ CMIP5 (ðèñ. 1), íà ïåðâûé âçãëÿä, íå ñèëüíî îòëè÷à-
åòñÿ îò ñîîòâåòñòâóþùåãî ðàñïðåäåëåíèÿ äëÿ CMIP3 (ñì. ðèñ. 8.10 
â ðàáîòå Randall et al. (2007)) äàæå ïðè òîì, ÷òî îíà ïîñòðîåíà äëÿ 
íîâîãî áàçîâîãî ïåðèîäà ÌÃÝÈÊ (1986—2005 ãã.), ñìåùåííîãî íà 
øåñòü ëåò ïî îòíîøåíèþ ê ïðåæíåìó (1980—1999 ãã.). 

Îäíàêî ðàçíîñòü ìåæäó àíñàìáëÿìè CMIP5 è CMIP3 äëÿ ïåðè-
îäà 1980—1999 ãã. (ðèñ. 2) óêàçûâàåò íà òî, ÷òî óñëîâíàÿ «ñðåäíÿÿ 
ãðàíèöà» ìîðñêîãî ëüäà â àíñàìáëå CMIP5 íåñêîëüêî îòñòóïèëà 
ê ïîëþñàì â îáîèõ ïîëóøàðèÿõ êàê â õîëîäíûé, òàê è â òåïëûé 
ñåçîí. Èñêëþ÷åíèå ñîñòàâëÿåò ëèøü ñåâåðîàòëàíòè÷åñêèé ñåêòîð 
Àðêòèêè, â êîòîðîì àíñàìáëü CMIP5 ãåíåðèðóåò íåñêîëüêî áîëü-
øå ìîðñêîãî ëüäà, íåæåëè CMIP3.

Íåñìîòðÿ íà ñóùåñòâåííûå ðàçëè÷èÿ ìåæäó ìîäåëÿìè CMIP5, 
ðàññìàòðèâàåìûé àíñàìáëü â ñðåäíåì õîðîøî ñîãëàñóåòñÿ ñ äàí-
íûìè íàáëþäåíèé â îáîèõ ïîëóøàðèÿõ. Ñðåäíÿÿ ïî àíñàìáëþ 
ïëîùàäü ëüäà, îöåíèâàåìàÿ êàê ïëîùàäü ìîäåëüíûõ ÿ÷ååê, â êî-
òîðûõ ñïëî÷åííîñòü ëüäà ñîñòàâëÿåò íå ìåíåå 15 %, îòëè÷àåòñÿ 
îò íàáëþäàåìûõ çíà÷åíèé ïðèìåðíî íà 1 ìëí êì2 â õîëîäíûå ñå-
çîíû êàê â Ñåâåðíîì, òàê è â Þæíîì ïîëóøàðèè, çàâûøàÿ è çà-
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1 2 3 4 5 6 7 8 9 10 11 12 13 14

Ðèñ. 1. Ðàñïðåäåëåíèå ìîðñêîãî ëüäà â Ñåâåðíîì (ââåðõó) è Þæíîì (âíèçó) 
ïîëóøàðèè äëÿ ìàðòà (ñëåâà) è ñåíòÿáðÿ (ñïðàâà) â ðàñ÷åòàõ ñ 14 ìîäåëÿìè 
CMIP5 çà ïåðèîä 1986—2005 ãã. â ÿ÷åéêàõ øèðîòíî-äîëãîòíîé ñåòêè 1  1

Â êàæäîé ÿ÷åéêå â ñîîòâåòñòâèè ñ öâåòîâîé øêàëîé ïðåäñòàâëåíî ÷èñëî ìîäåëåé, â 

êîòîðûõ äëÿ ýòîé ÿ÷åéêè ïîëó÷åí ëåä ñïëî÷åííîñòüþ íå ìåíåå 15 %. Íàáëþäàåìûå 

ãðàíèöû ëåäÿíîãî ïîêðîâà ñïëî÷åííîñòüþ íå ìåíåå 15 % (êðàñíàÿ ëèíèÿ) çà ïåðèîä 

1986—2005 ãã. ïîëó÷åíû ïî äàííûì HadISST (Rayner et al., 2003).
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�7 �6 �5 �4 �3 �2 2 3 4 5

Ðèñ. 2. Ðàçíîñòü ðàñïðåäåëåíèé ìîðñêîãî ëüäà â Ñåâåðíîì (ââåðõó) 
è Þæíîì (âíèçó) ïîëóøàðèè äëÿ ìàðòà (ñëåâà) è ñåíòÿáðÿ (ñïðàâà) 
ìåæäó àíñàìáëÿìè CMIP5 è CMIP3 çà ïåðèîä 1980—1999 ãã. â ÿ÷åéêàõ 

øèðîòíî-äîëãîòíîé ñåòêè 2,5  2,5 .

Ïîÿñíåíèÿ ê öâåòîâîé øêàëå ñì. ðèñ. 1. 
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íèæàÿ åå ñîîòâåòñòâåííî (ðèñ. 3). Ýòè îòêëîíåíèÿ íå ïðåäñòàâëÿ-
þòñÿ ñëèøêîì áîëüøèìè, åñëè ó÷åñòü âûøåóïîìÿíóòûé ðàçáðîñ 
ìåæäó ðàçëè÷íûìè ñïóòíèêîâûìè îöåíêàìè. Ñëåäóåò îòìåòèòü, 
îäíàêî, ÷òî â ðÿäå ìîäåëåé ðåãèîíàëüíûå îñîáåííîñòè ðàñïðåäåëå-
íèÿ ìîðñêîãî ëüäà âîñïðîèçâîäÿòñÿ ïëîõî, äàæå åñëè ñóììàðíàÿ 
ïëîùàäü áëèçêà ê íàáëþäàåìîé. Îáðàùàåò íà ñåáÿ âíèìàíèå è òî 
îáñòîÿòåëüñòâî, ÷òî ðàññìàòðèâàåìûé àíñàìáëü CMIP5 â ñðåäíåì 
ëó÷øå âîñïðîèçâîäèò ïëîùàäü ìîðñêîãî ëüäà â Ñåâåðíîì ïîëóøà-
ðèè, íåæåëè CMIP3, îñîáåííî â òåïëûé ñåçîí.

Îäíîé èç øèðîêî îáñóæäàâøèõñÿ â íàó÷íîé ëèòåðàòóðå îñî-
áåííîñòåé ìîäåëåé CMIP3 áûëà èõ ïðåäïîëîæèòåëüíàÿ «êîíñåðâà-
òèâíîñòü» ñ òî÷êè çðåíèÿ âîñïðîèçâåäåíèÿ çíà÷èòåëüíîãî òðåíäà 
ïëîùàäè ëüäà â Ñåâåðíîì ïîëóøàðèè (îñîáåííî, åãî ñåíòÿáðüñêîãî 
ìèíèìóìà). Äåéñòâèòåëüíî, çà ïåðèîä ñïóòíèêîâûõ, ò. å. íàèáî-
ëåå íàäåæíûõ, íàáëþäåíèé çà ëåäÿíûì ïîêðîâîì Ìèðîâîãî îêåà-
íà ïëîùàäü ñåíòÿáðüñêîãî ëüäà â Ñåâåðíîì Ëåäîâèòîì îêåàíå ñî-
êðàùàåòñÿ ñ óñêîðåíèåì, è ê 2011 ã. ñêîðîñòü ýòîãî ñîêðàùåíèÿ ïî 
îòíîøåíèþ ê ïåðèîäó 1979—2000 ãã. ñîñòàâèëà 12 % çà äåñÿòèëå-
òèå (ðèñ. 4). Â òî æå âðåìÿ, ìîäåëè CMIP3 â ñðåäíåì ïî àíñàìáëþ 
ïîêàçûâàëè ñóùåñòâåííî ìåíüøåå çíà÷åíèå. 

Â ðàáîòå Êàòöîâà ñ ñîàâòîðàìè (Kattsov et al., 2011) îáñóæäà-
þòñÿ âîçìîæíûå ïðè÷èíû óêàçàííîé «êîíñåðâàòèâíîñòè» ìîäåëåé 
CMIP3. Â ÷èñëå ïðî÷èõ çàòðàãèâàåòñÿ âîïðîñ î òîì, íàñêîëüêî îò ìî-
äåëåé, â ïðèíöèïå, ñëåäóåò îæèäàòü âîñïðîèçâåäåíèÿ âðåìåíè áû-
ñòðîãî ñîêðàùåíèÿ ïëîùàäè ìîðñêîãî ëüäà, êîëü ñêîðî ñîîòíîøå-
íèå âíåøíåãî âîçäåéñòâèÿ (àíòðîïîãåííîãî ïîòåïëåíèÿ) è ñîáñòâåí-
íîé èçìåí÷èâîñòè êëèìàòè÷åñêîé ñèñòåìû â ýòîì ñëó÷àå íå îöåíå-
íî. Ïðè ýòîì îòäåëüíûå ìîäåëè CMIP3 äåìîíñòðèðóþò ñïîñîáíîñòü 
ãåíåðèðîâàòü çíà÷èòåëüíóþ èçìåí÷èâîñòü ëåäÿíîãî ïîêðîâà îêåàíà, 
âêëþ÷àÿ ýïèçîäû ðåçêîãî ñîêðàùåíèÿ ïëîùàäè ìîðñêîãî ëüäà. 

Ìîäåëè CMIP5 äîâîëüíî çàìåòíî ðàçëè÷àþòñÿ àìïëèòóäîé ãå-
íåðèðóåìîé èìè èçìåí÷èâîñòè ïëîùàäè ìîðñêîãî ëüäà. Â òî æå 
âðåìÿ, áîëüøèíñòâî èç íèõ (äâå òðåòè) äîñòèãàåò ìàêñèìàëüíîãî 
îòðèöàòåëüíîãî òðåíäà â ïåðâîå äåñÿòèëåòèå 21-ãî âåêà (ðèñ. 5). 
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Ðèñ. 3. Ñðåäíèé ìíîãîëåòíèé (1980—1999 ãã.) ñåçîííûé õîä ïëîùàäè 
ìîðñêîãî ëüäà ñïëî÷åííîñòüþ áîëåå 15 % â Ñåâåðíîì (à) è Þæíîì (á)
ïîëóøàðèè: ïîëó÷åííûé â àíñàìáëÿõ CMIP5 è CMIP3, à òàêæå ïî äàííûì 
íàáëþäåíèé HadISST (Rayner et al., 2003) è NSIDC (Fetterer et al., 2002). 
Òîíîì ïîêàçàíû îáëàñòè, ñîîòâåòñòâóþùèå ñðåäíåìó êâàäðàòè÷åñêîìó 
îòêëîíåíèþ (ÑÊÎ) ÷ëåíîâ àíñàìáëåé îò ñðåäíèõ ïî àíñàìáëÿì 

CMIP5 è CMIP3. 



15

Ðèñ. 4. Àíîìàëèÿ (1) ïëîùàäè ìîðñêîãî ëüäà â ñåíòÿáðå â Ñåâåð-
íîì ïîëóøàðèè (â äîëÿõ  (%) ñðåäíåãî çíà÷åíèÿ çà 1979—2000 ãã.) è 
ëèíåéíûé òðåíä (2) çà íàðàñòàþùèé ïåðèîä: 1979—2001, 1979—2002, ..., 

1979—2011 ãã. (ïî äàííûì NSIDC).

Ðèñ. 5. Ìàêñèìàëüíûé îòðèöàòåëüíûé òðåíä ïëîùàäè ìîðñêîãî ëüäà â 

Ñåâåðíîì ïîëóøàðèè â ñåíòÿáðå äëÿ ñêîëüçÿùåãî òðèäöàòèëåòèÿ çà ïåðèîä 

1850—2011 ãã. (â äîëÿõ (% çà äåñÿòü ëåò) îò ñðåäíåãî çà 1979—2000 ãã.).

Äëÿ êàæäîé ìîäåëè óêàçàí ãîä äîñòèæåíèÿ ìàêñèìàëüíîãî òðåíäà.
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Ïðè ýòîì â ïîëîâèíå èç íèõ âåëè÷èíà ýòîãî òðåíäà äîñòèãàåò çíà-
÷åíèÿ íàáëþäàåìîãî òðåíäà (12 % çà äåñÿòèëåòèå) èëè ïðåâûøàåò 
åãî (â íåñêîëüêèõ ñëó÷àÿõ ñóùåñòâåííî).

Â ñðåäíåì àíñàìáëü èç 12 ìîäåëåé CMIP5 äîâîëüíî òî÷íî âîñ-
ïðîèçâîäèò íàáëþäàåìûé â ïîñëåäíèå äåñÿòèëåòèÿ òðåíä ñåí-
òÿáðüñêîé ïëîùàäè ìîðñêîãî ëüäà â Ñåâåðíîì ïîëóøàðèè (ðèñ. 6). 
Êàê âèäíî, ãîâîðèòü î «êîíñåðâàòèâíîñòè» ìîäåëåé óæå íå ïðè-
õîäèòñÿ.

Íåñìîòðÿ íà êàæóùèéñÿ ïðîðûâ â âîñïðîèçâåäåíèè íàáëþäàå-
ìûõ îñîáåííîñòåé ýâîëþöèè ìîðñêîãî ëüäà â Ñåâåðíîì ïîëóøà-
ðèè, îñòàþòñÿ îòêðûòûìè íåêîòîðûå âîïðîñû, êîòîðûå ñëåäóåò 
èìåòü â âèäó ïðè ïîñëåäóþùåì, áîëåå òùàòåëüíîì àíàëèçå ðåçóëü-
òàòîâ CMIP5, è ïðåæäå âñåãî: ÿâëÿåòñÿ ëè ïîëó÷åííîå óëó÷øåíèå 

Ðèñ. 6. Ïëîùàäü ìîðñêîãî ëüäà â Ñåâåðíîì ïîëóøàðèè ïî äàííûì íàáëþäåíèé 
NSIDC, ñðåäíÿÿ ïî àíñàìáëþ èç 12 ìîäåëåé CMIP5, ñðåäíÿÿ ïî àíñàìáëþ èç 

12 ìîäåëåé CMIP3. Òîíîì ïîêàçàíî ÑÊÎ äëÿ îáîèõ àíñàìáëåé.
Ïðåäñòàâëåíû ñðåäíèå îöåíêè äëÿ ñåíòÿáðÿ, íå ãîäîâûå ìèíèìóìû.
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óñòîé÷èâûì (ðîáàñòíûì) ñâîéñòâîì àíñàìáëÿ CMIP5? Åñëè äà, òî 
çà ñ÷åò ÷åãî áûëî äîñòèãíóòî ýòî óëó÷øåíèå? Îäíàêî ãëàâíûé âî-
ïðîñ çàêëþ÷àåòñÿ â ñëåäóþùåì: åñëè ìîäåëè CMIP5 â ñðåäíåì ñòîëü 
óñïåøíî âîñïðîèçâîäÿò íàáëþäàåìûé òðåíä, îçíà÷àåò ëè ýòî, ÷òî 
îí â ñóùåñòâåííî áîëüøåé ñòåïåíè ÿâëÿåòñÿ ðåçóëüòàòîì âíåøíåãî 
âîçäåéñòâèÿ íà êëèìàòè÷åñêóþ ñèñòåìó (àíòðîïîãåííîãî ïîòåïëå-
íèÿ), íåæåëè ñîáñòâåííîé èçìåí÷èâîñòè êëèìàòè÷åñêîé ñèñòåìû?

Íàñòîÿùàÿ ðàáîòà âûïîëíåíà â ðàìêàõ ÖÍÒÏ-3 Ðîñãèäðî-
ìåòà, à òàêæå ïðè ïîääåðæêå ÐÔÔÈ (ãðàíòû ¹ 11-05-00734 
è 09-05-00814). Àâòîðû áëàãîäàðÿò ä-ðà Ôëîðèàíà Ðàóçåðà 
(Ìåòåîðîëîãè÷åñêèé èíñòèòóò Ìàêñà Ïëàíêà, Ãåðìàíèÿ) çà 
êîíñóëüòàöèþ ïî èíòåðïîëÿöèè ìîäåëüíûõ äàííûõ, à òàêæå 
Ï. Â. Ñïîðûøåâà (ÃÃÎ) çà îáñóæäåíèå ðóêîïèñè. Àâòîðû ïðè-
çíàòåëüíû ìåæäóíàðîäíîìó ñîîáùåñòâó ðàçðàáîò÷èêîâ êëè-
ìàòè÷åñêèõ ìîäåëåé çà ïðåäîñòàâëåíèå äàííûõ äëÿ àíàëèçà; 
ó÷àñòíèêàì Ïðîãðàììû äèàãíîçà è ñðàâíåíèÿ êëèìàòè÷åñêèõ 
ìîäåëåé (PCMDI) çà ñáîð è õðàíåíèå ìîäåëüíûõ äàííûõ CMIP5; 
Ðàáî÷åé ãðóïïå ïî îáúåäèíåííûì ìîäåëÿì (WGÑÌ) Âñåìèðíîé 
ïðîãðàììû èññëåäîâàíèé êëèìàòà (WCRP) çà îðãàíèçàöèþ 
äåÿòåëüíîñòè ïî àíàëèçó ìîäåëüíûõ ðàñ÷åòîâ. Àðõèâ äàííûõ 
WCRP CMIP5 ïîääåðæèâàåòñÿ óïðàâëåíèåì íàóêè ìèíèñòåð-
ñòâà ýíåðãåòèêè ÑØÀ.
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-

.
-

. . (2002) RothC (Cole-
man, Jenkinson, 1996).

, -

1, -

2, 3 -

4.

-
:

1 1 11 exp ,
12

j j j j j i
i i

k
V C a b c

1 2 3 4 ,j j j jjV V V V V

1 1 1 1 1 11
1 1exp 0,59 0,49 ,

12
j+ j j+ j+ j+ j+ j+k

C = C a b c + R + F

1 1 1 1 1 12
2 2exp 0,41 0,49

12
j+ j j+ j+ j+ j+ j+k

C = C a b c + R + F ,

1 1 1 1 3
3 3exp 0,46

12
j+ j j+ j+ j+ j

x
k

C = C a b c + V P ,

1 1 1 1 14
4 4exp 0,54 0,02

12
j+ j j+ j+ j+ j j+

x
k

C = C a b c + V P + F , (4)

aj — -

( ) ; bj — -

; cj — , 0,6
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;

k1, k2, k3, k4 — ; Rj+1 —

; Fj+1 — -

; Vj —

; Px —

( ) Vj.

— -

(V 10)

(Vv4). . 4

1967—1995 . 30 .

:
0,406,

— 0,463, — 0,337,
— 0,437. -

V 10 Vv4 ,

. , -

-

, .

( , , ):

2 3
10 10 ,opY = aV +bn + cn + dn
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2 3
4 10 4 ,op vY = aV + bV + cn + dn + en

2 3
5 10 4 5 5 ,op vY = aV + bV + cT + dW + en + fn + gn

2 3
6 10 4 5 5 6 6 ,op vY = aV +bV + cT + dW + eT + fW + gn + hn + in (5)

Y10, Y4, Y5, Y6 — ; Vop10 — -

; Vv4 —

; T5 T6 — -

; W5 W6 — -

;
n = 1, 2, 3,... — ; a, b, c, d, e, f, g, h, i — -

.
. 5 -

(R) . -
-

(R > 0,7). 0,714,
— 0,706.

0,715, -
— 0,755.

,
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-
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-
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6

30
,

1967—2009 .

I II III IV V VI VII VIII IX X XI XII

-
,

/10

1,54 0,73 0,62 0,15 –0,12 0,07 0,36 0,22 0,14 0,55 –0,16 0,28

,
/10

3,01 4,27 3,62 0,69 2,74 4,30 1,46 1,54 3,42 2,45 0,35 0,03

W0—20,

/10

— — 1,07 0,30 0,62 0,86 0,39 0,02 0,31 0,62 — —

W0—100,

/10

— — 3,57 1,72 2,34 2,99 2,15 0,15 0,91 1,78 — —

, -
-

.
, -

-
. , -

-

.
-
.

, -
.
-

1,87 1,92 / 10 ,
— 1,63 1,69 / 10 , — 0,63

0,68 / 10 , —
1,30 1,36 / 10 .
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,
-

, , -
-

. -
-

,
1967—2009 . -

, -
. ,

-
-

.

. ., . . (1963). -
. — .: .

. ., . ., . ., - . . (2008).
-

//
. . 13. . 276—281.

. ., . ., . ., . . (2011). -
, -

XX XXI // -
. . 16.

Coleman K., Jenkinson D. S. (1996). A model for the turnover of carbon in soil.
In: Evaluation of soil organic matter models using existing long-term datasets /
D. S. Powlson, P. Smith, J. U. Smith eds. NATO ASI Series I. V. 38. Springer-Verlag,
Heidelberg, Germany, p. 237—246.
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-

.
.
-
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, -
( ., 1997;
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,
, , ( , 1972;

, 1976), -
(Asai, Kasahara, 1967; Ogura, Takahashi,1971; Shiino, 1978;

., 1988) ( , ,
1972).

.
-
-
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-
, -

, , , -
.

,
, , -

. , -
, .

,
-

(Asai, Kasahara, 1967), -
, -

,
( ., 1979). , -

-
.

, (RANS)
, -

— ( ., 1984).

, -
( ) ,

.
, ( )

,
, . -

RANS -
, -

:

,i
i

u K
x
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iu —

xi, K — -

. .
,

, - , -
, - ,

K, , -
( ) .

,
(large eddy simulation,

LES), (Smagorinsky, 1963)
(Deardorff, 1970). -

LES
(Sommeria, 1976; Sommeria, LeMone,

1978; Nicholls et al., 1982),
,

RANS . , -
-

, , -
(

).

,
:

resolved subgrid( ) ,i i
i

u u K
x

-
, (re-

solved), — (subgrid) ,
, .

Ksubgrid -
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-
RANS c ,

, Ksubgrid 0

0. LES ,
-

. , LES -
, -

, , .
, -

LES -

,
. -

(di-
rect numerical simulation, DNS), - -

.
, , ,

DNS -
( 2000—3000). -

, -
-

,
, , -

.
LES

c (RANS) -
(DNS)

.
-

, LES -
-

, ,
, , -

.
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-
LES (Cui-

jpers, Duynkerke, 1993; Nieuwstadt, Brost, 1986) -
-

.
,

,
, :

1)
LES ; 2)

-
(Neggers .,

2003); 3)
,

.

1.

, LES ( -
) ,

( )
(Nieuwstadt, Brost, 1986). 3 -

, , ,
—

-
.

, ,
-

. -

. -
,

.
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( , ,
, )

: .f f f

,
,

(Deardorff, 1980):

0
3

0

1 2
( ) 2 ,

3
i v

i j ij ijk j k i
j i

u
u u p E u g

t x x
(1)

0,
j

j

u

x
(2)

l

3

1
( ) ,l

l j l j
j p

F
u u

t x c x
(3)

tq

( ) 0,t
t j t j

j

q
q u q u

t x
(4)

xj — j (j = 1, 2 —

, j = 3 — ), iu —

(i = 1, 2, 3), p — (

), —

, i —

, g —

, t v lq q q — , v lq q — -
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-

, F — , — -

, ijk — -

, ij — .

l (liquid

water potential temperature) -
-

(Betts, 1973):

,l l
p

L
q

c T
(5)

L — , T — -

, — , (1 0,61 )v v lq q —

; 0 — -

.

2 2 2
1 2 3

1
( ) ( ) ( ) .

2
E u u u

ij

2
,

3ij i j iju u E

ij — .

(1)

*1
1 1 2 2

1

1 2
( ) ( ),

3j j c g
j

u
u u p E f u U

t x x
(6a)
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*2
2 2 1 1

2

1 2
( ) ( ),

3j j c g
j

u
u u p E f u U

t x x
(6 )

* 03
3 3

3 0

1 2
( ) ,

3
v

j j
j

u
u u p E g

t x x
(6 )

*
0p p p — 0 0( ( )p p z — -

), fc = 2 sin — ( — -

, — ), U1g U2g — -

.
, (6) (2)—

(4) , -
.

2.

ij, l iu -

t iq u -

. , -

K , -
:

,
ji

ij m
j i

uu
K

x x
,l

l i h
i

u K
x

.t
t i q

i

q
q u K

x

Km, Kh Kq

E
. E -

(Deardorff, 1980;
Cuijpers, Duynkerke, 1993)
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1/2 1/2

1/2

31/2 1/2
0

1
2 .

2 2

j
j

i
ij v m

j j j

E E
u

t x

u g E
u K

x x xE E

(7)

(7)
.

— -

. 1
0 3 vgu -

l tq (Cuijpers,

Duynkerke, 1993):

3 3 3 .v l tu Au B u q

1 0,61 tA q 0,61.B

2

2

1 1,61 1 0,622

, 1,

1 0,622

t s
a

p
s

a p

L
q q

R T L
A B A

TcL
q

R c T

Ra — . sq —

.

(Cuijpers, Duynkerke, 1993; Schmidt, Schumann, 1989):

3/2

3/2

2
.

3

2 c

E
(8)

( ) -
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1/3
1 2 3 ,x x x ix — i- -

= 1,5 — . -

Cuijpers (1990) = 2,5 .

-
(Cuijpers, Duynkerke, 1993)

1/2

3/2
, 3 .

3
2

2

c
m h q m

E
K K K K

3.

,
.

-
,

-
, .

—
, -

:

*

,hm uz

k u z *

,h vz

k z *

,
q tqz

k q z
(9)

uh — ; z — ;

* wu — ( ); * *, q —

; w — -

; k = 0,35 —
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; , ,m h q —

(Jacobson, 2005):

1 4

1 , 0, ,

1 , 0, ,

1, 0, ,

m

m m

z z

L L

z z
z

L L

z

L

1 2

Pr , 0, ,

Pr 1 , 0, ,

Pr , 0, ,

t h

h q t h

t

z z

L L

z z
z z

L L

z

L

4,7;m 15;m 4,7;h 9;h Pr /t m hK K — -

( 0,74); L — — :

3 2
* *

*3

,
( )

v v

wv

u u
L

kgkg u

3 * *( )wvu u —

( , 3( ) 0).wvu -

(9) z0 z, (Ja-

cobson, 2005):

*

0,

( ) ln ,h m
m

u z
u z

k z
(10 )
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*
0,

0,

( ) Pr ln ,v v h t h
h

z
z z

k z
(10 )

*
0,

0,

( ) ( ) Pr ln ,t t v t h
v

q z
q z q z

k z
(10 )

0, ,mz 0, ,hz 0,vz —

, ;

0,

22 1

22 1
0, 0,

11
0,

( ), 0, ,

1 ( ) 1 ( )
ln

0, ,1 ( ) 1 ( )

2arctg ( ) 2arctg ( ) ,

0 0, ,

m
m

m m

m m m m m

m m m

z
z z

L L

z z

z
z z

L

z z

z

L

0,

1

1
0,

1
( ), 0, ,

Pr

1 ( )
2ln , 0, ,

1 ( )

0 0, .

h
h

t

h
h

h h

z
z z

L L

z z

Lz

z

L

, -

, ( ) ,hu z ( )v z ( ),tq z

0,( )v hz

0,( ),t hq z (10) -

u*, *, q* , -

, :
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2 2 2
*( ) ( ) ;w z w z wx yu u u u u * *( ) ;z wvu u * *( ) .z wtu q u q

, c -

, -
.

(8) -
f (Schmidt, Schumann, 1989):

3/2

3/2

2
,

3

2 c

E
f max(1, / ).f z

-
.

, c

,
-

0,5 1/2/ ,

1/2

B
0

vg

z

— . -
, ,

,

0
2

Ri

v

ji

j i

g
z

uu

x x

Ri 0,27.
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4.

,

, , ,

, .lq , ,

, ,lq

, .
-

,

lq -

l (Sommeria, Deardorff, 1977).

-
:

/

.
(0)

a pR c
ref

l l l
p

pL
T T q

c p
(11)

p(0) — z = 0 (105 )

/
( )

(0) ,
(0)

p ac R
ref

ref
ref

T z
p p

T

( ) (0) ( / ) .ref ref pT z T g c z -

:lT

( , ) 0,622 ( )/( 0,378 ( )).sl s l s l ref s lq q T p e T p e T

-

T
:
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( , ) ( ).

l

s
ls sl

T T

q
q T p q T T

T
(12)

Sommeria, Deardorff (1977),

lT T 0,02K, (12) -

.
—

2

0,622
,

l

s sl

T T la

q Lq

T R T

:

1 1( , ) (1 )/(1 ),s s sl t slq q T p q q q

2

1 2
0,622 .

a p l

L

R c T

0.l t sq q q

,t sq q 0,lq l .lT T -

,l t sq q q lT (11).

5.

, -
LES , -

. - ,

, , - ,
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(Morinishi
et al., 1998).
(staggered) 2-

, Piacsek, Williams
(1970). , , -

, -
— .

— 4- -
( , 1982).

-
, Kim, Moin (1985).

* *1
div( ),p

t
u

u* — ,

* 0.p

*p ,

, :

1 * *grad .n t pu u

-

(BCGSTAB) (Saad, 2003; , , 2009). -
(3) (4) -

WENO 5- , -
( , 2008).
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6.

-
—

(Green, Taylor, 1937).
, LES

.
. . -

Km 1/Re,

Re = 200. -

2 2 2
. , -

, ( -

(0,0, /2)):

( , , ) cos( )sin( )cos( ),xu x y z x y z

( , , ) sin( )cos( )cos( ),yu x y z x y z

( , , ) 0.zu x y z

t = 10 -

, 32 32 32 . . 1 -
( -

0,5).u

-
,

ˆ . -
-

, .
-

— -
(Green, Taylor, 1937):
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3
2 2

2 2

3 6 5 18 5 36
( ) 1 ... ,

4 Re 48 3 ReRe Re

t t
t t

:

3

2 2
3

0,2

1
( ) ( ) , rot .

8
t t dV u

t < 3…4
( . 1 ).

LES
,

.
,

, -
. -

— . -
.
, -

.
-

,
, LES

.

,
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. 1.
(u = 0,5) —
( ) (1) (2)
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,
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,
- .
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. -

, . -

, FORTRAN.
-

, ,
( , 1939). -

(Gsc),

(E0), ( ), -

( ) ( ):

G0 = (1/ )GscE0(cos cos sin + ( /180)sin sin ). (1)
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(E0)

( ) (Spencer, 1971):

E0 = 1,00011 + 0,034221cos + 0,00128sin +

+ 0,000719cos2 + 0,000077sin2 , (2)

= (180/ )(0,006918 – 0,399912 cos + 0,070257 sin

– 0,006758cos2 + 0,000907 sin2

– 0,002697cos 3 + 0,00148sin 3 ), (3)

= 2 (n – 1)/365, n — 1 .

( )

cos = –tg tg . (4)

, -
, -

, ; -

.
-
-

.

- ,

(Geiger et al., 2002; Younes et al., 2005). , -
, , -

. -
-

.

( , ,
1996).
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( , , 1997). . 1 -
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, -

, - -
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.

,

-

, - ,

,

( . 2).



183

. 1. C - -
( ) — 2009 .

Gz — , Gm —

.

. 2. C ( )
— 2007 . 2008 .



184

-
, ,

, -
( ,

1974; Maxwell et al., 1993; Gilger and Ohmura, 1999).
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, ,
— -

. -

.
. 2 -

— 2009 .
460 49 :

........................ I—III IV—VI VII—IX X—XII

................. 49 49 49 48

.............. 460 437 444 425

............ 37290 37856 37444 35144

,
, -

1 % . -
,

, ,
, , , ,

. 20 % -
. -

,
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2

(

) — 2009 .

I—III IV—VI VII—IX X—XII

2 17 16 7 10

5 63 94 65 62

6 66 34 64 32

7 24 6 5 16

8 51 52 14 202

9 7 0 6 0

228 202 161 322

, % 0,6 0,5 0,4 0,9
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;

, -
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, 2, 5, 20,
30, 100, 200 .

Mathcad
(10- ), -

-
,

(x) = exp{–[1 – k(x – )/a]1/k }, (1)

, k, a — .

.
-

- 1980—2010 .
( . 1)

, -
(

15 , —
20 . .). . 2.

. 2
,

.
(Mansell, 2003;

Kjeldsen, 2007):

y = (1 – az) / (1 – a), z = xb, (2)

y — x, -

( 1 ); a
b — , -

( ).
- a = 0,1, b = 0,815.
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551.583

Sea ice in CMIP5 models: closer to reality? P avlova T. V., Kattsov V. M.,
Govorkova V. A. Proceedings of MGO. 2011. V. 564. P. 7—18.

Preliminary results are analyzed of the World Ocean sea ice extent simulations
over the 20th century using an ensemble of CMIP5 climate models. A comparative
assessment is undertaken of the sea ice simulations against the previous generation
models – CMIP3. The ability is discussed of the models to reproduce the observed extent
of the World Ocean ice cover both averaged — in the seasonal cycle — and over past
decades characterized by the observed fast shrink of the ice extent in summer.

Keywords: sea ice, World Ocean, an ensemble of CMIP5 climate models.

Fig. 6. Ref. 6.

551.006.92 (47+57)

Modernization of a meteorological network:conclusion and results. Kondr a-
tuk V. I . Proceedings of MGO. 2011. V. 564. P. 19—39.

It is given characteristics of a condition of a meteorological network on the
middle of zero years of the XXI-st century and the substantiation of necessity of its
deep modernization is resulted. Main objectives of modernization of a meteorological
network within the limits of the Project «Modernization and modernization of the
organizations and Federal Hydrometeorology and Environmental Monitoring Service
establishments» are stated.

The purposes and problems on scientifically-methodical support of the
Project of modernization and the basic stages necessary for positive changes in work
of a meteorological network as a result of its modernization are formulated.

The basic actions for scientifically-methodical support of the project are stated.
Success of application developed methodical, organizational-technical and

administrative recommendations , necessary works regulating performance at
each stage of modernization is analyzed.

Preliminary offers on change of the production technology of supervision, gathering,
transfer, the analysis and storage meteorological information are formulated.

Results of modernization of a meteorological network in Federal Hydrometeorology
and Environmental Monitoring Service organizations, for October, 2011 lacks and
the errors admitted in the course of its realization are analyzed; offers on the further
development of works on large-scale modernization are formulated.

Keywords: State observant network, Meteorological supervision, Modernization
of a meteorological network, Scientifically-methodical maintenance of works,
automation of supervision, The modernization project.

Fig. 1. Ref. 4.
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551.006.92 (47+57)

About application of international standards ISO for improvement of quality
of measurements on the state observant network. Svet lova T. P. Proceedings of
MGO. 2011. V. 564. P. 40—50.

Installed in 2002 of State standard specification R ISO 5725 «Accuracy
(trueness and precisions) methods and results of measurements» for the first time
regulated its direct application for measurements in environment, and that is
especially important, for an estimation of quality of standardized and applied tech-
niques of performance of measurements.

At the meteorological supervision which are carried out in natural conditions of
environment when methodical errors in some cases repeatedly exceed errors of
measuring apparatuses, and stability of indicators of conditions of measurements
isn't always provided with the appropriate maintenance of security zones of
meteorological platforms, quality indicators of accuracy applied techniques (for lack
of necessary standards) results of spatial control of meteorological sizes and their
characteristics are.

Keywords: meteorological measurements, standardization, stability of components
of an error.

Ref. 13.

551.006.92 (47+57)

Modernization of a aktinometrical network. Lutsko L. V., Makhotkina E. L.
Proceedings of MGO. 2011. V. 564. P. 51—65.

Results of modernization of a aktinometrical network in Federal Hydrometeorology
and Environmental Monitoring Service organizations, for October, 2011 are
analyzed; offers on the further development of works on large-scale modernization
are formulated.

Keywords: aktinometrical supervision, modernization of network, Scientifically-
methodical maintenance of works, automation of supervision.

Fig. 9. Ref. 4.
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551.340, 551.345, 551.510

Modeling assessments of soil moisture influence on the evolution of natural
methane emissions from Siberian wetlands. Pi kaleva A. A. Proceedings of MGO.
2011. V. 564. P. 66—88.

The influence of soil moisture on the rate of methane emission from Siberian
wetlands is investigated. The methane flux is estimated using the relationship
between its emission rate, seasonal thawing layer temperature and water table depth.
As an external forcing the MGO regional climate model output and soil heat transfer
model is used. The water table depth is parameterized by the ratio between actual soil
moisture and maximum moisture capacity. It has been shown that soil moisture has
less effect on the spatial distribution of CH4 fluxes, as compared to temperature.
Assessed are present day methane emission and its possible changes by the mid 21st
century. It has been shown that the methane emission in Siberia can increase in
50 years due to climate warming by a factor of 1,3—1,5.

Keywords: soil moisture, water table depth, spatial distribution of methane
emissions, regional climate model, climate changes.

Fig. 7. Ref. 35.

551.5: 001.891.57

Numerical scheme for monitoring of the dynamics of available moisture re-
serves and carbon balance components of organic matter in arable soils. Se-
mendyaev A. K. Proceedings of MGO. 2011. V. 564. P. 89—103.

The numerical scheme for monitoring of the dynamics of available moisture
reserves and carbon balance of organic matter in arable soils, covering 30 regions of
the Central, Privolzhsky and Southern Federal Districts, was worked out. For the first
time the calculation scheme makes possible the continuous year-round monitoring
without specifying the initial conditions for soil moisture at the vegetation period. The
scheme permits to estimate long-term trends of soil moisture on the Russian Plain,
based on reanalysis of soil moisture reserves long series. The components of the
carbon and water balance of the soil can be used as predictors for yield forecasts with
significant lead time. It is shown that the inclusion of the dynamics of both the
carbon balance and the water balance can significantly improve calculation and
forecast of agricultural productivity.

Keywords: numerical scheme, monitoring, soil moisture reserves, carbon balance
of soil organic matter.

Tab. 6. Ref. 4.
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551.3+519.63

LES model of the cumulus cloud fields. Ignatyev A. A . Proceedings of
MGO. 2011. V. 564. P. 104—125.

Mathematical model for cumulus clouds at small altitudes has been proposed. The
model is based on equations for incompressible fluid in Boussinesq approach and considers
dynamics of turbulent atmospheric boundary layer with usage of large eddy simulation
method (LES). Water vapor condensation and cloud drops evaporation processes are taken
into account in the model without precipitation. By example of Taylor—Green vortex
decay problem robustness and accuracy of numerical algorithm has been shown.

Keywords: numerical modeling, cumulus clouds, LES model, Monin—Obukhov theory.

Fig. 1. Ref. 36.

551.3+519.63

To LES model usage for investigation of the cumulus cloud fields. Dovgaluk Yu.
A., Ignatyev A. A. Proceedings of MGO. 2011. V. 564. P. 126—146.

Results of verification of the cumulus cloud field LES model based on the
observations gathered near Puerto Rico on 15 December 1972 are presented. Vertical
distribution of turbulent diffusion coefficient is calculated with marker method. Cloud
base and tops are defined. Probability distribution functions for vertical
velocity and fractional coverage of updrafts and downdrafts at different levels are
obtained. Calculations have been carried out by means of the parallel code on Moscow
State University supercomputer “Chebyshev”. Satisfactory agreement of numerical
data with observations and other calculations being available in the literature is shown.

Keywords: numerical modeling, cumulus clouds fields, LES model, probability
distribution function.

Fig. 8. Ref. 19.
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551.510.7

Simulating of angular light scattering by inhomogeneous spherical particle.
Rzhonsnitskaya J. B . Proceedings of MGO. 2011. V. 564. P. 147—154.

The possibility of solution of the problem of the reliability with which the
characteristics of the atmospheric aerosols are determined from the results of
photoelectric measurements is discussed. The model calculations for spherical
particle with the variable refractive index shows one can improve the situation by
using the proper angles of scattering.

Keywords: atmospheric aerosols, size determination, angles of scattering, simulating.

Fig. 2. Ref. 4.

551.582

The assessment of climate model results credibility using the fuzzy-set theory.
Galuk L. P., Kobysheva N. V., Piba lko N. Proceedings of MGO. 2011. V. 564.
P. 155—165.

New approach to the assessment of climate model results credibility is considered.
The methodology presented is based on the fuzzy-set theory. The paper contains
calculation example for predicted mean monthly temperature in St-Petersburg.

Keywords: significance assessment, air temperature, climate model, fuzzy-set
theory, linguistic variable, membership function.

Tab. 2. Fig. 4. Ref. 4.
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004.62:551.4

Organization of quality control of information including in the data fund.
Shaimardano v V. M. Proceedings of MGO. 2011. V. 564. P. 166—177.

To provide adequate consumer service, the data should be as much reliable as
possible. So before recording data for long-term storage at the early stage and also
during the storage before the use they are strictly controlled to provide the highest
data quality before they are submitted to the customers. Today’s methods of control
of the main types of hydromeneorological data used to successfully detect errors have
been adapted, partially corrected and put into service. Also a method of quality
monitoring newly developed by the author is used

Keywords: data, data quality, data control, information resources.

Ref. 5.

551.521.31

Quality control of radiometric information at the World Radiation Data
Center. Samukova E. A. , Smirnova N. I . Proceedings of MGO. 2011. V. 564.
P. 178—195.

The quality control methods for direct, diffuse and global solar radiation which
are used at the World Radiation Data Center are examined. The quality flags of
radiation values which are assigned in the process of quality control are described.
The paper presents the results of quality control of radiometric information for 2009
submitted by national meteorological services from 49 countries.

Keywords: direct, diffuse and global solar radiation, quality control, quality flags.

Tab. 2. Fig. 6. Ref.18.
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551.52.521

Specialized indexes of rain intensity for use in water disposal system
projecting in EU. Ivanova E. V., Niz is V. E. Proceedings of MGO. 2011. V. 564.
P. 196—204.

Specialized indexes of rain intensity are estimated using the methodology of
“theoretical rainfall profile” plotting. These indexes are included in Building Codes
pertaining to water disposal system projecting in European Union. Findings can be
used for design work of foreign building companies on the Russian territory and also
for improvement Building Codes of the Russian Federation, their updating and
harmonization with European Building Codes.

Keywords: rain intensity, rainfall profile, water disposal system, Building
Codes.

Tab. 2. Fig. 2. Ref. 6.

551.006.92 (47+57)

About maintenance of unity of measurements and requirements to meteoro-
logical measurements in natural conditions of environment. Svet lova T. P.
Proceedings of MGO. 2011. V. 564. P. 205—216.

Methodical errors of measurements of meteorological sizes repeatedly exceed the
tool errors regulated by numerous standards of the Russian Federation. Besides,
meteorological supervision includes besides measurements numerous visual estimations
of the hydrometeorological phenomena characterizing a state of environment.

However, till now attempts to unify concept a technique of manufacture of
supervision, despite necessity to differentiate state regulation and department
(Federal Hydrometereology and Environmental Monitoring Service) function, don't
find support even at the base metrological organization of department that is wrong.

It is represented that in connection with council ISO WMO resolution it is recognized
as the international body on standardization and giving of a priority of working out of
Management WMO on realization of control systems by quality results of supervision of
Global system of supervision the mentioned problem remains topical.

Keywords: environment, meteorological measurements, maintenance of unity of
measurements.

Ref. 12.
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551.508:551.585

The integrate assessment for the aggressiveness of weather and climate
conditions under multi-component air pollution. Kozhevnikov B. L. Proceedings
of MGO. 2011. V. 564. P. 217—222.

On the example of smog was proved the effectiveness of the entropic
informative-statistical method for the quality assessment (aggressiveness) of the
atmospheric conditions under multi-component air pollutions combined with weather
factors and thermal effects.

Keywords: atmosphere quality, weather and climate conditions, smog, entropic
method of the integrated assessment for aggressiveness.

Ref. 8.

551.510.42

Results of main greenhouse gases monitoring at Arctic stations of Rosgidro-
met. Reshetnikov A. I., Z inchenko A. V., Pa ramonova N. N.,
Priva lov V. I., Ivakhov V. M., Kazakov a K. V. Proceedings of MGO. 2011.
V. 564. P. 223—240.

The results of the long-term observations of the main greenhouse gases (GHG)

2 and 4 at the monitoring stations of Rosgidromet are presented and analysis of
the tendency of their concentrations variations is performed. The results of GHG
monitoring at two stations in Arctic region are compared in some detail, one of them
(Tereiberka, Kola peninsula) can be considered as a background station, the other
(Novy Port, Yamal peninsula) can be considered as the station the data of
observations from that reflect the influence of GHG emissions at the gas and oil
fields in the north of West Siberia. It is demonstrated that the check of relative
variations of the man made emissions of methane to the atmosphere at the gas field is
possible on a basis of methane concentration monitoring data from Novy Port station.

Keywords: monitoring, greenhouse gases, Kola peninsula, Yamal peninsula, man
made emissions to the atmosphere, wetland emissions.

Tab. 3. Fig. 9. Ref. 11.
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551.509.314: (551.507:629.73)

The comparative analysis of algorithms of statistical processing of results of
the instrumental measurements of height of the cloud base with reference to a
problem of the short-term forecast of characteristics of overcast at meteorological
maintenance of takeoff/landing of aircrafts. Kruglov R. A., Drobinskay a A. V.
Proceedings of MGO. 2011. V. 564. P. 241—250.

Results of statistical data processing of measurements of height of the cloud
base by means of the algorithms containing procedure of allocation of cloud layers
with an estimation of quantity of overcast by criterion of factor of unity are
presented.

The comparative analysis of algorithms with reference to a problem of the
short-term forecast of characteristics of overcast in airdrome is given.

Keywords: airdrome, height of clouds, algorithms, the short-term forecast.

Fig. 3. Ref. 9.

551.509.616

The creation of artificial cloud formations, aimed at leveling extreme
temperatures. Mazurov G. I . , Kozlov V. N., Akse lev ich V. I . Proceedings
of MGO. 2011. V. 564. P. 251—267.

The article provides an overview of the main existing methods of creating
artificial cloud formations in the upper and middle troposphere using aircrafts and in
the boundary layer using helicopters. Some results of field experiments on creation
of artificial entities with the help of helicopters over land and using sea vessels on
the Baltic and Black Seas are described. Recommendations for reducing high
temperatures in summer and rising low negative temperatures in winter, including
frost prevention, have been made.

Keywords: artificial cloud formations, the aerodynamic trail line, extreme
temperatures, helicopters, aircrafts, sea vessels.

Fig. 3. Ref. 36.
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Correction of geomagnetic data measured onboard meteorological geostationary
satellite “Electro”. Voronin A. A. Proceedings of MGO. 2011. V. 564. P. 268—278.

Preliminary analysis of the geomagnetic field data measured on the geosynchronous
orbit onboard “Electro” satellite revealed the significant difference from the values at
the standing point expected from the geomagnetic field model. In the paper a method
for correcting the measured magnetic data under the assumption of inaccurate
magnetic sensors carrying non-magnetic boom orientation is proposed. From the
dataset selected were magnetically quiet intervals (the geomagnetic activity index
Ap < 7). For selected intervals calculated were measured field three components daily
averages and Euler’s angles ensuring the conformity of directions of the measured
field vector and the Alekseev-Kalegaev geomagnetic model field vector. Basing on the
obtained angles the satellite magnetometer data were corrected.

Tab. 1. Fig. 6. Ref. 6.
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