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Precession forcing of the Holocene moisture transfer between tropical western Pacific and Indian Ocean

LIU Bingjin, HUANG Engqing, TIAN Jun
State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China

Abstract: Precipitation, evaporation and moisture transport within the oceans are the main components of the global hydrological cycle.
However, the evolution of the oceanic hydrological cycle over the Holocene remains a knowledge gap. In this study, through compiling paired
planktonic foraminiferal 'O and Mg/Ca sea surface temperature reconstructions from 98 locations in the tropical ocean, we calculate the
fluctuation of sea surface 8"*0 and residual 5O for the Holocene period. We notice a striking feature that the residual 8O records of the
tropical western Pacific and eastern Indian Ocean show a different change over the Holocene. The mean residual 80 of the tropical western
Pacific was about 0.2%o heavier than that of the eastern Indian Ocean during the early-mid Holocene (11.5~ 6.0 kaBP), but they were almost
identical over the late Holocene (2.0~ 0 kaBP). Combined with the transient climate simulations, we suggest that precession forcing is
responsible for this different pattern through modulating a set of climate processes. The lower precession over the early Holocene drove a net
atmospheric moisture transport from the western Pacific to the eastern Indian Ocean and lowered precipitation 8'*O over the eastern Indian
Ocean. Moreover, the strengthened South Asian monsoon delivered large amounts of diluted freshwater into the Bay of Bengal via river
systems. All these three mechanisms contribute to a relatively negative excursion of residual 8"*O in the eastern Indian Ocean. In contrast, the
lower precession resulted in a decrease of net precipitation in the open western Pacific and a loss of freshwater via the atmospheric transport,
thus generating heavier residual 8"*O values. Through combining seawater 3'*O reconstructions from a large spatial extent with the isotope-
enabled simulations, this study has provided a reliable picture of the moisture transfer between different ocean basins and unveiled the
underlying mechanisms regulated by precession.

Key words: low-latitude hydrological cycle; orbital cycle; seawater oxygen isotope; planktonic foraminifera
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Fig.1 Locations of reconstructed §'*Oy,, records in this study
Different colors and shapes of dots indicate records belonging to different ocean regions.
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Table 1 Information of the stations of marine sedimentation used in this study
AL A4 TR BAYDA DA 7K /m il R BTN

A7 27.82°N. 126.98°E 1264 G. ruber [21]
MDO01-2404 26.65°N. 125.81°E 1397 G. ruber [22-23]
MDO01-2390 6.6°N. 113.4°E 1545 G. ruber [24-25]

MDO05-2896 8.83°N. 111.44°E 1657 G. ruber [26]

MDO05-2894 7.04°N. 111.55°E 1982 G. ruber [27]
CG2 6.39°N. 110.15°E 1239 G. ruber [28-29]
MD05-2904 19.46°N. 116.25°E 2066 G. ruber [30-31]

S0204B 20.23°N. 118.05°E 1533 G. ruber [32]

MD97-2141 8.78°N. 121.28°E 3633 G. ruber [33]
MD98-2178 3.62°N. 118.7°E 1984 G. ruber [34-35]
MD98-2161 5.21°S. 117.48°E 1185 G. ruber [34-35]

MD06-3067 6.52°N. 126.5°E 1575 G. ruber [36]

MDO01-2386 1.13°S. 129.79°E 2816 G. ruber [37]
GeoB17419-1/MD05-2920 2.81°S. 144.5°E 1883 G. ruber [38-39]
GeoB17426-3 2.19°S. 150.86°E 1368 G. ruber [38-39]

KX973-22-4 0°N. 159.23°E 2362 G. ruber [40]
KX973-21-2 1.42°S. 157.98°E 1897 G. ruber [41-42]
MD98-2176 5°S. 133.44°E 2382 G. ruber [43-44]
MD98-2181 6.3°N. 125.8°E 2114 G. ruber [45-46]

MD98-2188 14.82°N. 123.49°E 730 G. ruber [47]

70GGC 3.57°S. 119.38°E 482 G. ruber [48]

13GGC 7.4°S. 115.2°E 594 G. ruber [48]

S0O217-18517 1.54°S. 117.56°E 698 G. ruber [49]

S0O217-18515 3.63°S. 119.36°E 688 G. ruber [50]

S0217-18519

0.57°S. 118.11°E 1658 G. ruber [51]
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S0217-18522 1.4°S. 119.08°E 975 G. ruber [51]
S0217-18526 3.61°S. 118.17°E 1524 G. ruber [51]
S0217-18540 6.87°S. 119.58°E 1189 G. ruber [51]
S0217-18460 8.79°S. 128.64°E 1875 G. ruber [52]
MD98-2170 10.59°S. 125.39°E 832 G. ruber [45]
TR163-22 0.5°N. 92.4°W 2830 G. ruber [53]
ODP1240 0.02°N. 86.46°W 2921 G. ruber [54]
ME0005A-431C 7.85°N. 83.6°W 1368 G. ruber [55]
V21-30 1.2°S. 89.7°W 617 G. sacculifer [56]
ORI715-21 22.7°N. 121.5°E 760 G. ruber [57]
TGS-931 241°S. 122.62°E 1912 G. ruber [51]
ODP1242 7.85°N. 83.6°W 1364 G. ruber [55]
ODP806b 032°N. 159.36°E 2520 G. ruber [58]
ODP1145 19.58°N. 117.63°E 3175 G. ruber [59]
GHE27L 19.85°N. 115.34°E 1533 G. ruber [60]
GeoB16602 18.95°N. 113.71°E 953 G. ruber [61-62]
191PC 19.05°N. 116.22°E 2510 G. ruber [63]
MD05-2905 21.36°N. 117.36°E 1647 G. ruber [64]
M77/2-056-5 3.75°S. 81.12°W 355 G. ruber [65]
MD05-2925 9.34°S. 151.46°E 1661 G. ruber [66]
SO18480-3 12.06°S. 121.65°E 2299 G. ruber [13]
MD98-2162 4.69°S. 117.9°E 1855 G. ruber [13]
SO189-119KL 3.52°N. 96.32°E 808 G. ruber [67]
SO189-39KL 0.78°S. 99.9°E 517 G. ruber [67]
GeoB10029-4 1.49°S. 100.13°E 964 G. ruber [68]
GeoB10042-1 7.11°S. 104.64°E 2454 G. ruber [69]
GeoB10043-3 731°S. 105.06°E 2171 G. ruber [69]
MD98-2165 9.65°S. 118.35°E 2100 G. ruber [70]
GeoB10069-3 9.6°S. 120.9°E 1250 G. ruber [71]
MD01-2378 13.1°S. 121.8°E 1783 G. ruber [72]
SO139-74KL 6.54°S. 130.83°E 1690 G. ruber [73-74]
SK237-GC04 12.75°N. 75°E 1245 G. ruber [75]
SK237-GC09 12.01°N. 70.87°E 3001 G. ruber [76]
SK281/1 14.04°N. 82°E 3307 G. ruber [77]
P178-15P 11.96°N. 44.3°E 869 G. ruber [78]
NGHP-01-17 10.75°N. 93.11°E 1356 G. sacculifer [79]
ABP32GCOIR 15.49°N. 72.73°E 639 G. sacculifer [80]
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SK168/GC-1 11.71°N. 94.49°E 2064 G. sacculifer [81]
GeoB12610-2 4.82°S. 39.42°E 399 G. ruber [82]
GeoB12605-3 5.57°S. 39.11°E 195 G. ruber [83]
GeoB12615-4 7.14°S. 39.84°E 446 G. ruber [84]
GeoB16160-3 18.24°S, 37.87°E 1339 G. ruber [85]
AAS9 21 1451°N. 72.65°E 1807 G. ruber [86]
WIND-28K 10.15°S. 51.01°E 4157 G. ruber [87]
GeoB9307-3/GeoB9310-4 18.57°S. 37.38°E 542 G. ruber (88]
U1446 19.08°N. 85.74°E 1430 G. ruber [89]
80257-1-5 15.06°S. 120.31°E 1608 G. ruber [90]
80257-5-9 22.11°S. 113.49°E 1052 G. ruber [90]
TR163-19 2.26°N. 90.95°E 2348 G. ruber [58]
ADM-CI 7.44°N. 97°E 850 G. ruber [91]
BoB-24 15.57°N. 87.16°E 2769 G. ruber [92]
MD02-2575 29°N. 87.12°W 847 G. ruber [93]
KNR166-2-26JPC 24.33°N. 83.25°W 546 G. ruber [94]
KNR159-IPC26 26.37°N. 92.03°W 1995 G. ruber [95]
EN32-PC6 26.95°N. 91.35°W 2280 G. ruber [96]
GeoB9526-5 12.44°N. 18.06°W 3231 G. ruber [97-98]
MD03-2707 2.5°N. 9.39°E 1295 G. ruber [10]
GeoB4905 2.5°N. 9.39°E 1328 G. ruber [99]
RC24-08 1.02°S. 11.9°W 3882 G. ruber [100]
S0164-03-4 16.54°N. 72.21°W 27447 G. ruber [101]
PLO7-39PC 10.7°N. 64.94°W 790 G. ruber [102-103]
GeoB3129-3911 4.61°S. 36.64°W 830 G. ruber [104]
GL1090 24.92°S, 42.51°W 2225 G. ruber [105]
CF10-01B 23.6°S. 41.6°W 130 G. ruber white [106]
M78/1-235-1 11.61°N. 60.96°W 852.2 G. ruber [107]
VM12-107 11.33°N. 66.63°W 1079 G. ruber [108]
KNR166-2]PC51 24.41°N. 83.22°W 198 G. ruber white [108]
RC24-11 2.18°S. 11.25°W 3445 G. ruber white [100]
VM25-59 1.37°N. 33.48°W 3824 G. ruber white [100]
VM30-40 02°S. 23.15°W 3706 G. ruber white [100]
FAN17 481°N, 445 1178 G. ruber [109]
GeoB10038-4 5.94°S, 5.25°E 1819 G. ruber [68]
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Ice-volume isotopic effect was calculated after reconstructed sea-level data
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Fig.7 Precession forcing of changes in tropical sea surface 8"*0 and atmospheric moisture transfer

a: Simulated tropical sea surface 5'*0,; difference between precession minima and maxima, b: simulated changes in July-August-September net precipitation

(precipitation minus evaporation) and atmospheric moisture transfer between precession minima and maxima. Simulation results are from Jian et al., 2022.
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