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MOAEJIUPOBAHHUE KIIMMATA U YIVIEPOJHOI'O HIUKJIA
3A IMOCJIEJHHUE 20000 JIET

B derBepTruHbIi nepuoA (mociueaHue 2,5 MUJUIMOHA JIeT) 3eMiis mepexuna okoyio 50
JICTHUKOBBIX TEPHOJOB. AMIUTUTYJa M3MEHEHUI KiuMmaTa M OKpYXKarolleil cpeisl Oblia
orpoMHOM. Ha nuke neHUKOBBIX CTaaui riio0aibHasi TeMIepaTypa ynaia Ha 3-5 rpaaycoB
no Llenbcuto, ypoBenb Mopsi cHuzuics Ha 130 metpos, a koHneHTpauus CO2 B atmochepe
Obla Hike npumepHo Ha 100 yactedt Ha MuwuUMOH. CaMble XOJIOAHbBIC JIETHUKOBBIE (ha3bl
BHE3AITHO 3aKAHYHMBAJIUCh, U CUCTEMA 3€MJIM BO3BPAILANIACh K MEXKJIETHUKOBBIM YCIOBHUSIM.
Ects MHOro (yHIaMeHTanbHBIX CBOMCTB JAMHAMHUKUA KIMUMATUYECKOW CHUCTEMBI BO BpeMs
JIEAHUKOBBIX MEPUOJIOB, KOTOPHIE BAXKHBI JIsl OyAyIIEro KiMMara.

[Ipoext PalMod (Paleo Modeling), dbunancupyembiiit MuHUCTEpCTBOM 00pa3oBaHuUs U
uccnenoBanuii ['epmanun (BMBF), HaripaBiieH Ha ycTpaHeHre JaBHUX HAYYHBIX MTPOOEIIOB B
HallleM MOHMMAaHWU JTUHAMUKA U U3MEHYMBOCTU KJIUMATHYECKOW CHUCTEMBbI M YTIIEPOIHOTO
[UKJIa B TEYCHHUE MOCIEIHUX JIEAHUKOBBIX IUKJIOB. [louemy nociennue e JHUKOBBIC ITUKIIbI
MMEIOT OJIMHAKOBYIO MEPUOJAUYHOCTD, TOYEMY JICNISIHBIC IIUTHI MEJIJIECHHO PacTyT, a ObICTPO
ucye3aoT? Ilouemy konunentpaunun CO2 u CH4 B aTtmMocdepe MEHSIOTCS CHHXPOHHO C
M3MEHEeHHeM KkiuMara? UYTo JBMWXKET KIMMAaTUYECKOM W3MEHYMBOCTHIO B MacliTade
ThICSYENIETUS B XOJOJHBIX (azax? Llenplo mpoekTa sBISIETCS MOJAEIMPOBaHUE KIMMara U
OuoreoxuMuu 3€MJIM B TEUYEHHUE IIOCJIEIHEr0 JIEAHUKOBOTO IHKJIA C BCEOOBEMITIONIEH
Mojenbio cucteMbl 3emun (MPI-ESM, AWI-ESM u CESM).

B UWncturyre mereoposorun OOmectBa Makca [lnanka Mbl UCIONIB3yeM Hally
¢dbnarmanckyro Mojaenb cuctembl 3emiuu MPI-ESM1.2. Mogens armocdepst ECHAMG6.3
HarpsMyto cBsizana ¢ mozenbio cymu JSBACH3.2 mocpeacTBoM MOBEPXHOCTHOTO OOMEHa
BOJIOM, JHEPruei, MMMYyJIbCOM M mNapHUKOBbIMH Ta3zamu. JSBACH Bkirouaer Mojeib
JUHAMUYECKON pacCTUTEIBLHOCTH, a pacipeIeJIeHUE U INIOTHOCTD JIECOB U TPAaB U3MEHSIOTCS B
oTBeT Ha u3MeHeHuss kiaumata u CO2. Mopenb BOJHO-OOJOTHBIX YIOJAWA HMHUTHPYET
BbIOpockl CH4 B ceBepHBIX U TponmHuecKux paiioHax. AtMocdepa coequnena yepe3s OASIS3
C IMHAMUYECKON MOJIENIbI0 OKeaHa U Mopckoro Jibaa MPIOM1.6, koTopast BKJIr0O4aeT MOAENb
ouoreoxumun okeana HAMOCCS6. [lns MoaenupoBaHusi JeAsHbIX MUTOB B CeBepHOM
MOyIIapuu Mbl ucnonb3yeM monenb PISM, a monens tBepaoit 3emumn VILMA umutnpyer
JEAHUKOBO-U30CTaTUUECKOE peryiupoBaHue. MHTEpakTUBHAsS MOJIEIb THUAPOJIOTHYECKOTO
CTOKA IMUTHPYET U3MEHEHUS PEYHOTO CTOKA B OTBET HA H3MEHEHHUS oporpaduu, B TOM YUCIIe
BOJIOTOKM Ha OTKPBHITHIX apKTUYECKUX M Tpomudeckux Imenbdax. Ha cymepkommbrorepe
Mistral Hemenxoro kmmmarmyeckoro BeruucaurenasbHoro mentpa (DKRZ) wmoxens B
paspemiennu T31 MogenupyeT HECKOIbKO COTEH JIET B JCHb.

B Tekymeit, 2-i1 ¢aze PalMod, mpl B mepByr odepenr cocpepoTadyMBaeMcs Ha
MOJICITUPOBAHUU MOCIAEAHEN nernsuuannu. MTHTepakTuBHAs JUHAMHKA MOBEPXHOCTU CYIIH,
OKeaHa W aTMoChEepHON IUPKYISAIUUA ONPEAeseTCs] PEKOHCTPYUPOBAHHBIMU JICISTHBIMU
IUTaMM W TIAPHUKOBBIMHU Tazamu 3a mnociennue 23,000 nmer. COpoc mpecHOM BOIbI B
pe3yabTare TasHUS W pa3pylleHUs JEASHBIX IIUTOB NpUBOAUT K octaHoBke AMOC wu
3HAYUTENBHOMY MOXOJOJAHUI0 CEBEPHOrO MOJIyLIapusi HA HECKOJBKO ThICAY JET. B cBOO
ouepenb, BoccTaHoBiieHHE AMOC mnpuUBOOUT K pPE3KOMY NOTEIUIEHUIO U IIUPOKOMY
pPacIpOCTPaHEHUIO PACTUTEIBHOCTH HA TEPPUTOPHUSAX, OCBOOOKIEHHBIX OT JICASHBIX IIUTOB.



Mopenb IMUTHPYET CMEIIIEHUE CEBEPHBIX OOpEaTbHBIX JIECOB M 00JIee BIAKHYIO U 3€JICHYIO
Cesepnyto Adpuky B panHeM rononene (mpumepro 8000—-6000 et Ha3a1) B COOTBETCTBUU C
MMEIOIIMMUCS JaHHbIMH. MBI TakKe BBINOJHWIM pacuerl 1o cueHapusm CMIPO6,
MPOJIJICHHBIMHM Ha HECKOJIBKO THICSY JIET B OyaymieM, ¢ OKycoM Ha MHTEPAKTUBHBIN ITUKII
CHA4. Cnenyromuii 3Tan npoekta OyJeT BKJIIOYaTh B ce0s MHTEPAKTHUBHBIC JISJSHBIC IITUTHI BO
BpeMsi ACTISIIMALIMY, a TAK)KEe MOJCIMpOBaHUE 00pa3oBaHus JIeAHUKOB 0koJio 110-120 Teicsay
JIET Ha3a/l.
Caiit PalMod: www.palmod.de
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MODELLING CLIMATE AND CARBON CYCLE

DURING THE LAST 20,000 YEARS

In the Quaternary period (the last 2.5 million years), the Earth went through about 50
glacial-interglacial cycles. The amplitude of changes in climate and environment was
enormous. At the peak of glacial stadials, global temperature dropped by 3 to 5 degrees
centigrade, sea level decreased by 130 meters, and atmospheric CO2 concentration declined
by about 100 ppm. The coldest glacial phases ended abruptly with the Earth system returning
back to interglacial conditions. There are many fundamental properties of climate system
dynamics during glacial cycles which are relevant for future climate.

The PalMod (Paleo Modeling) project funded by the German Ministry for Education and
Research (BMBF) aims at closing the long-standing scientific gaps in our understanding of
the dynamics and variability of the climate system and carbon cycle during the last glacial
cycles. Why did the last glacial cycles have similar periodicity, why did ice sheets grow slowly
while vanishing quickly? Why do atmospheric CO2 and CH4 concentrations vary in concert
with climate change? What drives the strong millennial-scale variability in cold phases? The
project aims to simulate the Earth’s climate and biogeochemistry over the last glacial cycle
with comprehensive Earth system models (MPI-ESM, AWI-ESM, and CESM).

At Max Planck Institute for Meteorology, we use our flagship Earth System model
MPIESM1.2. The atmospheric model, ECHAMSG6.3, is directly coupled to the land model,
JSBACH3.2, through surface exchange of water, energy, and momentum, and greenhouse
gases. JSBACH includes a dynamical model of vegetation, the distribution and density of
forests and grasses is changing in response to climate and CO2 changes. A wetland model
simulates boreal and tropical CH4 emissions. The atmosphere is coupled via the OASIS3
coupler to the dynamic ocean and sea ice model MPIOM1.6 which includes the ocean
biogeochemistry model HAMOCCS6. For simulating ice sheets in the Northern hemisphere,
we use the PISM model, while the solid Earth model VILMA simulates glacial-isostatic
adjustment. The interactive hydrological discharge model simulates changes in river flows in
response to changes in orography, including glacial-time water streams on exposed Arctic and
tropical shelves. On the Mistral supercomputer of the German Climate Computing Centre
(DKRZ), the model simulates several hundred years a day in a coarse T31 resolution.

In the current, 2nd phase of PalMod, we firstly focus on a transient deglaciation
simulation. Interactive dynamics of land surface, ocean and atmospheric circulation is driven
by reconstructed ice sheets and greenhouse gases over the last 23,000 years. Freshwater
discharge from melting and collapsing ice sheets leads to an AMOC shutdown and substantial
cooling of Northern hemisphere for several thousand years. In turn, the AMOC rebound leads
to abrupt warming and wide spreading of vegetation over areas free of ice sheets. The model
simulates the northward shift of boreal forest and a much wetter and greener Northern Africa
in the early Holocene (ca. 8,000-6,000 years ago), in line with available pollen data. We also
performed pioneering runs under CMIP6 scenarios extended for several thousand years into
the future with a focus on the interactive CH4 cycle. The next project simulations will include
interactive ice sheets during the deglaciation, as well as modelling of the glacial inception
about 110-120 thousand years ago.

PalMod website: www.palmod.de



