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The possible role of the internal variability of the climate system in hydroclimate over eastern
China during 1380— 1429

PENG Youbing
Department of Earth Environmental Science, School of Human Settlements and Civil Engineering, Xi’an Jiaotong University, Xi’an 710049, China

Abstract: Background, aim, and scope The occurrence of severe persistent pluvials during the summer
monsoon season is perhaps one of the most pressing climate concern that faces China today. However, few
works have focused on understanding the occurrence of the severe persistent pluvials in China, although
studies to date have revealed some severe persistent pluvials over the last thousand years. The proxy data
show the most wet period occurring from 1330s to 1420s over eastern China during the last 1500 years.
Here, we focus on pluvial occurring in this period to assess the possible role of the internal variability of
the climate system in hydroclimate over eastern China. Materials and methods The role of the internal
variability of the climate system in driving the pluvial over eastern China is assessed by using the model

data and paleo-proxy records. Results Based on proxy data, one such pluvial have occurred from 1380 to
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1429 during this wet period. The hydroclimatic pattern in global which suggested by proxy records during
1380 to 1429 AD highlight relate regionally coherent climate changes with pluvials over eastern China.
Such hydroclimatic pattern indicates coherent shifts in large-scale hydroclimatic patterns during this eastern
China pluvial era which is similar with the climate dynamics associated with the internal variability of the
climate system. These internal variability include persistent La Nifia-like conditions in the tropical Pacific,
the cool phase of the Pacific Decadal Oscillation (PDO), the warm phase of the Atlantic Multidecadal
Oscillation (AMO) and the positive North Atlantic Oscillation (NAO) index during this time. The
CCSM2.0 simulations of climate for the period 1380— 1429 AD are shown to reproduce many aspects of
hydroclimate found in paleo-proxy records for much of the eastern Hemisphere, northern Eurasia, with the
noticeable exception of North and South America and eastern China, which strongly linked to ENSO. For
the internal variability conditions, the model could not produce the negative ENSO and its low-frequency
counterpart PDO have been shown by proxy records, although it could roughly produce the positive NAO
phase. Discussion The eastern China pluvial era as existing paleoclimatic archives are shown to be part of
a global hydroclimatic regime linked to persistent La Nifia-like conditions in the tropical Pacific, the cool
phase of the Pacific Decadal Oscillation, the warm phase of the Atlantic Multidecadal Oscillation and the
positive North Atlantic Oscillation index during this time. Furthermore, CCSM2.0 model driven by solar
forcings and volcanic forcing does not display pluvial during 1380— 1429 AD that would support the
possibility suggested by the proxy-record that this pluvial may be related to internal variability. Finally,
the model could not produce the pluvial during 1380— 1429 AD over eastern China attribute to the model
could not produce the climate dynamics associated with the ENSO and its low-frequency counterpart PDO.
Conclusions Thus, we conclude both our analyses of reconstructions and simulations reveal the internal
variability may play an important role in causing the pluvial during 1380— 1429 AD over eastern China
and could explain many features of global hydroclimate changes during this time. It is found that the
ENSO and its low-frequency counterpart PDO may play an important role in determining hydroclimatic
variability over China and North and South America. In addition, AMO and NAO may also have their own
contributions to the pluvial during 1380—1429 AD over eastern China. Recommendations and perspectives
However, additional high-resolution and absolutely-dated paleohydrological records are critically needed
to expand their spatiotemporal coverage in order to definitively establish the more realistic hydroclimatic
pattern during this period and to reveal more robust relationship between the internal variability of the
climate system in hydroclimate over eastern China during 1380 — 1429.
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Tab.1 Description of the paleoclimatic archive sites shown in Fig.2
SISk (VAL FTFRIZE R AHCHT 1]
Citation Location Archive type Periods
YHZERLX §
1 Cook et al, 2010 T e s 1380— 1429
Monsoon Asia Tree-ring record
JeBm, Bk JEB KT R
2 Hi 2011 —
anssan, 20 Nile River, Egypt Historical Nile floods 13501470
25T WY FicS SHIVE A F
3 Verschuren et al, 2000 - Emﬁﬁ ey 1oL . A 1380— 1420
Lake Naivasha, Kenya Sedimentary lake record
SR, ShiEAE WRATTR
4 Johnson et al, 2002 Lake Malawi, Malawi Sedimentary lake record 13801420
R A, REE 5%
Hol I, 1 1 —142
> olmgrenet al, 1999 Makapansgat Valley, South Africa Speleothem §'°0 380 0
JEPHPGALES WARGER 14 20 K H
6 Touchan et al, 2011 . X
Northwestern Africa Tree-ring record Late 14th century
BT A e
7 Benito et al, 2003 HEB}'TT(T/.#, ,@E}'ﬂ? . e 1380—1429
Tagus river basin, Spain History document
it 2 3
8 Biintgen et al, 2010 PRE W‘ i 1400— 1430
Central Germany Tree-ring record
9 Helama et al, 2009a %:?El—ﬁ%.ﬁ Wjﬁﬂiifg 1388 —1402
South-eastern Finland Tree-ring record
10 Cook et al, 2004 LR . W?Fﬂfiﬁ 1380—1420
North America Tree-ring record
. JuRHENE, SsPiH WIADLER
11 rtis et al, 1 1 —142
Curtis et al, 1996 Yucatan Peninsula, Mexico Sedimentary lake record 368 ?
A g FEPETTRL
12 Haug, et al, 2001 {ifﬂﬂﬁ fil D . SR 1350— 1430
Cariaco basin, Venezuela Sedimentary sea record
JEIRZ IR il WIABLER
13 Moy et al, 2002 1350—1430
R Southern Ecuador Sedimentary lake record
28R KiE A s
14 Thompson et al, 1988 i/J\"EHE{?J(IIJE iy ot 1384—1410
Quelccaya ice cap, Peru Ice core
20 L] e g
15 Villalba, 1994 <l SR 1380—1450

Central Chile

Tree-ring record
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Map showing the sites of paleo-climatic archives mentioned in the text. Circles represent locations of proxy records giving evidence

of wet (blue) or dry (red) conditions. Refer to Table 1 for a description of the numbered archives.

B2 1380— 1429 4F P ASHR G 17 I ) 4 k1180 A1
Fig.2 The global context of the eastern China pluvial during 1380— 1429 AD
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Fig.3 Sea surface temperature reconstructions and
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during AD 1350—1450
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23 EHEHE AR AY B E R AR 1380 —1429 [
HHESRERGENDTRMTEERR
&l 4a. b 43l A BN 1380 — 1429 4F 4>
BREG TR AR BRI A0 [ o AR B B
EIZRA . db3EMIpg 3 B i ks (B 4a)
T8 DXt AL 3 2 TAF R K AR A . 3 32
ENSO K PDO S Wi () IX 35k, AH 55 #7 2& B ENSO
J PDO IE A #H4 T b B At p SEIEAR R K
Wb b3 MR 35 AR K IS ( Peng et al,
2015, 2018) . P, AECASREAFBLII I o 2R
#h. dESEARE 3E AL RS (Bl 4a) , 80T
TR AR X B A AU G2 I 3] — 2 o R} T
2 W F A RS- La Nidia #4046 UL K PDO ¥
PLAFN AMO B AH (Bl 4b) , LIS R4
R T IZB ARG KT La Nifa W50 A9 4
456 . BECRENS S Z I AR R IR . AR TE AR
L ALE 2 — TR S R AR, AR
PRI 7Y R B A SR P RF i R AeRES (]
4a) , WAEFFPL 1OD HfiAH & NAO IF (7 AR A %)
N AT A (& 4b) o ASUlgh Rk A s
VRIS T E R . JE R EREK TS, B
K- La Nifia W 5045 LA PDO A AT AMO
R A0 AR I/ D X BB [X 3, 1380 — 1429 4 f& /K 4
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5 - BRI PG i SRS A . NAES I T
N VR AR b5 ( Graham et al, 2011a) , A LA
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2012) o fH CCSM2.0 =% ik — 3 1 Je 15t it A 4]
R BERHS , BRI 2 T4F ENSO AR fE |48 R
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