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Figure 1 The average fresh water balance (VQ is water input), the numbers near the arrows are flux, the numbers in the boxes are storage. After the

simulation data from Flavio et al.*!
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Figure 3 The estimated contributions of different factors on sea level rise in IPCCs. (a) The relative contribution of cryosphere; (b) the relative con-

tribution of galcier and ice caps

= FAR(1985~2030)
= SAR(1990~2100)

" TAR(1990~2100)

i = AR5(1986~2005/2081~2100)

FRIPHS RS BITTERLLK (%)

OB
BPOTHERTRES

RS

Bl 4 JHUIPCCHVR YA [ B3 X - TR AR AL LAY ST K
Figure 4 The projected contributions of different factors on sea level
rise in IPCCs

SOHT ) B MO %, 76K % 1 4 BRI M0 K it s b
WG LTS BE E TR A, T
P A P A G 7 6 T 10 5k A 2446 15— F

%75 ik

{ELIT S0 A FURG 7, R Ok DK VR BB 7 A ) 52 ) 2 LL T
TP 1 52 M0 B =5

HT T UL BCHE Y fok =, 4 3R RUBE D 7 A 1Y
KSR IEAFAEAR Z IR B2 B LRk B RE AR,
i, JUH X 2 AR R AR K SO0 L e AR
B 2= i A B0 E VA | IR BB X IR 2K A B
K3 LR R AR AT RTE K
VR BT 1 - T 72 P 1) ST R G A7 A R AN A R 1,
S VU e 0 K 8 AN RE M B 2 D PR R T [
(B oK, R UR- R KRR G
FE PG WIS A T, Ik, ARk R DK Rl K SC
RO FEAL BB T, 75 2L i W I A A B, DAVK
RER R0, REIBN . 2228 85 P KRIYIT
JERGTE, A REA BTOEmE.  ELE I 7 W A A58 3
55

1 IPCC. Climate change 2013: The physical science basis. Intergovernmental Panel on Climate Change. Cambridge: Cambridge University

Press, 2013

2 Ding Y J, Xiao C D. Challenges in the study of cryospheric changes and their impacts (in Chinese). Adv Earth Sci, 2013, 28:
1067-1076 [T 7CHE, A, DRURIEAE (b B HSE ma B 58 04 2 2ERE 22 RIS . bR B2k, 2013, 28: 1067-1076]

3 Zhu Y L, Zhou L H, Ma Y H, et al. Distinguishing the effect of cryosphere change in the background of climate change in China (in Chi-
nese). J Glaciol Geocryol, 2009, 31: 518-524 [RHi¥y, JESr4E, Dok, . B E KRB AR e AR LT = T agisl. vkl

%+, 2009, 31: 518-524]

4 Yao T D, Qin D H, Shen Y P, et al. Cryospheric changes and their impacts on regional water cycle and ecological conditions in the
Qinghai-Tibetan Plateau (in Chinese). Chin J Nat, 2013, 35: 179186, doi: 10.3969/j.issn.0253-9608.2013.03.004 [Wk#I#:, 2K, L
KO, 45 S IS R A e B U I R AR A 5 4 PRI B, 14K 2%35, 2013, 35: 179186, doi: 10.3969/j.issn.0253-9608.

2013.03.004]

5 Dansgaard W, Johnsen S J, Clausen H B, et al. Evidence for general instability of past climate from a 250-kyr ice-core record. Nature,

1993, 364: 218-220

6 GRIP Project Members. Climate instability during the last interglacial period recorded in the GRIP ice core. Nature, 1993, 364: 203-207

7 Bond G, Broecker W, Johnsen S, et al. Correlations between climate records from North Atlantic sediments and Greenland ice. Nature,

1993, 365: 143-147

600



10
11

12

13

14
15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

31
32

33

34
35
36
37

Petit J R, Jouzel J, Raynaud D, et al. Climate and atmospheric history of the past 420000 years from the Vostok ice core, Antarctica. Na-
ture, 1999, 399: 429-436

UNDP. Human development report 2006. UNDP. New York, 2006, 165-166

World Bank. World Development Indicators 2003. CD-ROM. Washington D C, 2005

Terry V C, Margareta J, Jeff K, et al. Feedbacks and Interactions: From the Arctic Cryosphere to the Climate System. AMBIO, 2011, 40:
75-86, doi: 10.1007/s13280-011-0215-8

Levermann A, Jonathan L, Bamber, et al. Potential climatic transitions with profound impact on Europe: Review of the current state of six
“tipping elements of the climate system”. Clim Change, 2012, 110: 845-878, d0i:10.1007/s10584-011-0126-5

IPCC. Climate change 2007: The physical science basis. Intergovernmental Panel on Climate Change. Cambridge: Cambridge University
Press, 2007

Huntington T G. Evidence for intensification of the global water cycle: Review and synthesis. J Hydrol, 2005, 319: 83-95

Feng S, Huang Y, Xu Y P. Impact of global warming on the water cycle in Xinjiang region (in Chinese). J Glaciol Geocryol, 2006, 28:
500-505 [BE, ¥, VAN, SRR IR . IR L, 2006, 28: 500-505]

White D, Hinzman L, Alessa L, et al. The arctic freshwater system: Changes and impacts. J] Geophys Res: Biogeosci, 2007, 112, G04S54,
doi: 10.1029/2006JG000353

Syed T H, Famiglietti J S, Chambers D P, et al. Satellite-based global-ocean mass balance estimates of interannual variability and
emerging trends in continental freshwater discharge. Proc Natl Acad Sci USA, 2010, 107: 17916-17921, doi:10.1073/pnas.1003292107
Wu P, Wood R, Stott P. Human influence on increasing Arctic river discharge. Geophys Res Lett, 2005, 32: 2004GL021570

Stocker T F, Raible C C. Water cycle shifts gear. Nature, 2005, 434: 830-832

Peterson B J, Mcclelland J W, Curry R, et al. Trajectory shifts in the Arctic and Subarctic freshwater cycle. Science, 2006, 313:
1061-1066

Flavio L, Christoph C R, Dominik H, et al. The freshwater balance of polar regions in transient simulations from 1500 to 2100 AD using a
comprehensive coupled climate model. Clim Dyn, 2012, 39: 347-363, doi: 10.1007/ s00382-011-1199-6

Comiso J. Polar Oceans from Space. Atmospheric and Oceanographic Sciences Library. New York: Springer. 2010

Holland M M, Finnis J, Barrett A P, et al. Projected changes in Arctic Ocean freshwater budgets. J Geophys Res, 2007, 112: G04S55
Ivanova E V. The Global Thermohaline Paleocirculation. Springer Science & Business Media B V, 2009, doi: 10.1007/978-90-481-
2415-2_1

Prowse T D, Flegg P O. The magnitude of river flow to the Arctic Ocean: Dependence on contributing area. Hydrol Proc, 2000, 14:
3185-3188

Cooper L W, McClelland J W, Holmes R M, et al. Flow-weighted values of runoff tracers (5‘80, DOC, Ba, alkalinity) from the six largest
Arctic rivers. Geophys Res Lett, 2008, 35: L18606

Jones E P, Anderson L G, Jutterstrom S, et al. Pacific freshwater, river water and sea ice meltwater across Arctic Ocean basins: Results
from the 2005 Beringia Expedition. J Geophys Res, 2008, 113: C08012

Church J A, White N J, Domingues C M, et al. Sea-level and ocean heat-content change. In: Gerold S, Stephen M, Griffies J G, et al., eds.
International Geophysics. New York: Academic Press, Elsevier, 2013. 697-725

Randall D A, Wood R A, Bony S, et al. Climate models and their evaluation. In: Solomon S, Qin D, Manning M, et al., eds. Climate
Change 2007: The Physical Science Basis. Cambridge: Cambridge University Press, 2007

Joughin I, Tulaczyk S, Bamber J L, et al. Basal conditions for Pine Island and Thwaites Glaciers determined using satellite and airborne
data. J Glaciol, 2009, 55: 245-257

Chen J L,Wilson C R, Blankenship D, et al. Accelerated Antarctic ice loss from satellite gravity measurements. Nat Geosci, 2009, 2: 859-862
Golubeva E N. Studying the role of temperature and salinity anomalies in the formation of world ocean meridional circulation modes.
Numer Anal Appl, 2010, 3: 208-217

Carmack E C. The Arctic Ocean’s freshwater budget: Sources, storage and export. In: Lewis E L, Jones P E, Lemke P, et al., eds. The
Freshwater Budget of the Arctic Ocean. Dordrecht: Kluwer Academic, 2000. 91-126

Serreze M C, Holland M M, Stroeve J. Perspectives on the Arctic’s shrinking sea-ice cover. Science, 2007, 315: 1533-1536

Aagaard K, Carmack E C. The role of sea ice and other fresh waters in the Arctic circulation. J Geophys Res, 1989, 94: 14485-14498
Gordon A L, Comiso J C. Polynyas in the southern ocean. Sci Amer, 1988, 256: 90-97

Kottmeier C, Engelbart D. Generation and atmospheric heat exchange of coastal polynyas in the weddell sea. Bound Lay Met, 1992, 60: 207-234
Hirabara M, Hiroyuki T, Hideyuki N, et al. Formation mechanism of the Weddell Sea Polynya and the impact on the global abyssal ocean.
J Oceanogr, 2012, 68: 771-796

601



44 % 8 & 2015438 #60% F7H

39 Gordon A L, Visbeck M, Comiso J C. A link between the Great Weddell Polynya and the Southern Annular Mode. J Clim, 2007, 20:
2558-2571

40 Broecker W S, Peng T H. Tracers in the Sea. Palisades: Eldigio Press, 1982

41 Richardson P L. On the history of meridional overturning circulation schematic diagrams. Prog Oceanogr, 2008, 76: 466—-486

42 Lumpkin R, Speer K. Global ocean meridional overturning. J Phys Oceanogr, 2007, 37: 2550-2562

43 Stephen R R. Large-scale ocean circulation: Deep circulation and meridional overturning. In: Robert A M, ed. the Encyclopedia of Sus-
tainability Science and Technology. New York: Springer Science & Business Media, 2013

44 Michael V, Richard A W. Impacts of thermohaline circulation shutdown in the twenty-first century. Clim Change, 2008, 91: 43-63

45 Jacobs S S, Amos A F, Bruchhausen P M. Ross Sea oceanography and Antarctic Bottom Water formation. Deep Sea Res, 1970, 17:
935-962

46 Haak H, Jungclaus J, Mikolajewicz U, et al. Formation and propagation of the great salinity anomalies. Geophys Res Lett, 2003, 30: 1-4

47 Levermann A, Mignot J, Nawrath S, et al. The role of northern sea ice cover for the weakening of the thermohaline circulation under
global warming. J Clim, 2007, 20: 4160-4171

48 Alexandra J, Bruno T, Lawrence A, et al. Effect of the large-scale atmospheric circulation on the variability of the Arctic Ocean freshwa-
ter export. Clim Dyn, 2010, 34: 201-222

49 @sterhus S, Turrell W R, Jonsson S, et al. Measured volume, heat and salt fluxes from the Atlantic to the Arctic Mediterranean. Geophys
Res Lett, 2005, 32: L07603

50 ACIA. Arctic Climate Impact Assessment. Cambridge: Cambridge University Press, 2005

51 Meier M F, Dyurgerov M B, Rick U K, et al. Glaciers dominate Eustatic sea-level rise in the 21st century. Science, 2007, 317: 1064-1067

52 Cogley J C. Geodetic and direct mass balance measurements: Comparison and joint analysis. Ann Glaciol, 2009, 50: 96—-100

53 Leclercq P W, Oerlemans J, Cogley J G. Estimating the glacier contribution to sea-level rise for the period 1800-2005. Surv Geophys,
2011, 32: 519-535

54 IPCC. Climate change, the IPCC scientific assessment. Intergovernmental Panel on Climate Change. Cambridge: Cambridge University
Press, 1990

55 IPCC. Climate change 1995, the science of climate change. Intergovernmental Panel on Climate Change. Cambridge: Cambridge Univer-
sity Press, 1995

56 IPCC. Climate change 2001, the scientific basis. Intergovernmental Panel on Climate Change. Cambridge: Cambridge University Press, 2001

The hydrological impact of cryosphere water cycle on global-scale
water cycle
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Freeze-melt processes of the cryosphere have important impacts on hydrological processes of oceans and rivers, as well as the
atmospheric water cycle. Based on analysis of the composition of freshwater in oceans of the polar regions, the effect of the cryosphere
on freshwater input to polar oceans is analyzed. Further, the relationship between the cryosphere and ocean thermohaline circulation is
interpreted and the cryosphere contribution to sea level rise is discussed. In the freshwater cycle of the Antarctic and Arctic oceans
from 60° to 90° latitude, Arctic sea ice and snow meltwater greatly exceeds water in the precipitation-evaporation process in the water
cycle. Arctic snowmelt, river recharge, mountain glaciers, ice caps and the Greenland ice sheet, as well as changes in cryosphere
elements such as the Antarctic ice sheet, sea ice, polynya and others, can significantly affect the strength of deep water convection and
thereby the ocean thermohaline circulation. Assessment of cryospheric impact on sea level change still has great uncertainty. Ignoring
the impact of changes in land water storage, the contributions to sea level rise of thermal expansion by ocean warming and the
cryosphere are nearly the same since industrialization, and the projected contribution of the cryosphere will exceed that of thermal
expansion to sea level rise.
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