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Abstract The Wanli and Chongzhen megadroughts were extreme drought events that occurred during
the weak monsoon period of the late Ming Dynasty, causing serious impacts on the natural and social
environment at that time, and may even be important triggering factors for dynastic changes. Given the
scarcity of comparative analyses on the spatial characteristics and intensity of the two megadroughts, this
study integrates documentary-based dry-wet grade reconstructions, proxy-derived summer precipitation

series, 15 tree-ring and stalagmite §'"°0 records, and five climate-model outputs. To enhance the regional
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applicability and accuracy of the model data, downscaling and bias correction were performed. Based on
these datasets, the spatial patterns and severity of the two megadroughts were comparatively analyzed.

<

Literature data shows that both megadroughts were “north-south droughts”, with the North China region
being drier. The proxy may indicate that the Wanli Megadrought was a “southern flood and northern
drought” , and the Chongzhen Megadrought was a “north-south drought”. Anomaly outputs from the
CESM-LME, MIROC-ES2L and MRI-ESM2-0 models identify northern China as a consistently drought-
affected region during both megadroughts, using the 1601 ~ 1630 period as the baseline. Although data
from different sources suggest that the two megadroughts may have different spatial characteristics, both
indicate that North China is the region most severely affected by the two megadroughts. In the literature,
there were more areas of severe drought in North China during the Chongzhen Megadrought period than
during the Wanli Megadrought period. The drought signal in the proxy indicators for the Chongzhen
Megadrought is more intense than that for the Wanli Megadrought. During the Chongzhen Megadrought,
the May — September precipitation anomaly was 20 ~ 50 mm more negative. Therefore, the Chongzhen
Megadrought was more severe than the Wanli Megadrought.
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Fig. 1 Eastern China and distribution of proxy

indicator data points

P S0 SCHR AT Sy — 2R pk g T F b5, M EE
BFRHEFRGE T IR, APFFEE R T Hao
4 (2023) J i D s SCHR BEORE E A A A ) o) B R

x1 KBAHEHRER

Table 1 Proxy records
pe o owa o EE Sl prenee e W4 77 T 2% 3k
1 Aedurhds 33~41 108~115  1470—2002 A.D. 1 4 i 8180 R I Yi et al., 2012
2 PiZEls  32~35 102~107  1470—2010 A.D. 14 R 60 AR 5—9 H 4y FEKEESE  Yang et al., 2016
3 B 24.5 121.4 1190—2007 A.D. 1 4F Wi 80 AR ESII Liu et al., 2017b
4 [ B 34.81 111.15 800—2010 A.D. 14 s 880 i B ] Li et al., 2019
5 Wb 33~34 108~113  1570—2012 A.D. 14 R 60 R B i Chen et al., 2020
6 & 25.3 122.01 1259—2006 A.D. 1 4F Wi 80 AR 3—8 H Mk s Sun et al., 2021
7 dta 39.56  116.2 1550—2022 A. D. 1 4F k4 880 i AERF KR Chen et al., 2024b
8 KEL 32 107 1560—2023 A. D. 148 Wi 8'%0 AR 4—11 A fKE P Yue et al., 2024
9 S5 AL JIR) 29.15  109.55 1341 B.C.—2011 A.D. 1.54¢ 45 8%0 B0R 238y ES ¢TI Yin et al., 2014
10 BERIN 38.25 113.7 90—2010 A.D. 1~24F H9s"to iV 'l ¢ HRRK Yin et al., 2017
11 R 26.3 105.5 1357 B.C.—1916 A.D. 2~3 4 H9s"0 B0y B8y HBRRIK Zhao et al., 2020
12 KA 33.08  106.18 1249—1983 A. D. 2~34F £46"0  POTh, 28U, % Th HRRK Tan et al., 2009
13 R 37.7 118.4 1556—1713 A.D. 1~34¢ f9s"0 B0y B8y SN Zhao et al., 2021
14 R4 31.52  110.57 1165—1848 A.D. 1~24F 80 B0y B8y Rk Zhao et al., 2021
15 i 32.99  118.12 240—2013 A. D. 1~2 4 H)j(ﬂ/«fi“ 20pp ¥Cs, *Ra AR K & Jiang et al., 2021
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B RS B (Wang et al., 2019; J 5% H 4%,
2023), DBt A BF 5T 2K I SF BB SR 5T 2 A R R
(EDCDFm) JH 48 @ #2a0 HE R S A o . Se A
JHTER A 3 (60 H 5 R B0 4 (B 3 0. 5° =[] 4y B
PRI R 25 AR H B K B T CRU X A% 1
P I 23T 0 A % (CDF)  BEAT R 22 K2 0E

2 £R
2.1 BHERRIE
AW B 0% 9. % AR [ BSR4 55 LI/ 7

I3 AT BORE A X N AR BE - (‘Taylor, 2001), i o [ 7R
BT KA, FEKERTE 5—9 i, FEK
B K BB 55% (Wang and Ding, 2008;
Liu et al., 2009) , [K LA 5E % F 28 8 1 20 0 17 %
ROEE S22 1T IEJG 19 5 DMEEAXS 1919—1948 4 5—
9 H oy o B AR FR B K B AURE O (18] 2) o 22 1T IE )G
#20 HadCM3B-M2.1 &5 CESM-LME #f 3¢ & #X 1
0.2 7247, 5i4h 3 MM G R T 0.6, FrifE
ZERAEIE 1, BLAh, s AT AR R X B 8
Tt 55 W00 K5 A 7 30 4 ) SR K B (& 3), B
LI £ 4 15 R S U 2 s 4k, &R S
B4 He, MRI-ESM2-0 % K ff 2% % 28 mm, MIROC-
ES2L 5 ACCESS-ESM1-5 gt K {2524 21 mm, Had-
CM3B-M2. 1 f KM 2K 54 mm, CESM-LME &k
2= 2 80 mm, A Bt # X MRI-ESM2-0, MIROC-
ES2L D)} ACCESS-ESM1-5 #5432 55 S {f

2.2 HIETEH
L9670 MiE /R B XS, B FER

x2 HEABEEEER

Table 2 Basic information of model data

AS -5
s HE st 2 AR
ACCESS-ESM1-5 MUK FIE 192x145 KRBATE B K OLE R E AR SRR SRS R (Mackallah er al., 2022)
CESM_LME - 144596 K BH % B JuniﬁfJJ(fﬁf}ifl;\;%e‘ifii)ﬁ)\)iim7’FIJHJ JE S
HadCM3B-M2.1 i 720x 180 T % AU HUE S8R K R IA VK 35 30 R 55 A (Armstrong et al., 2019)
MIROC-ES2L H 4 128%64 R BHE 3l LS gy R RSO 43 46 AH OC (Hajima et al., 2020)
MRI-ESM2-0 H 7 320x160 IR BHTE By OLTE Bl RS AR R AR A S ( Yukimoto er al., 2019)
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Fig. 3 Observations and model simulations of monthly mean

precipitation in eastern China from 1919 to 1948

W Jry b, oA 7K g KR AR YRR 5 i ik A 1Y 2 1k
(Liu et al., 2017a; Xue et al., 2025) . N#FiEEJH
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H18"0 5Mg/ Cas i 45 M 500 . R A 4590 s
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Fig. 4 Precipitation anomalies from May to September for two megadroughts calculated using model ensemble mean
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Fig. 6 Spatial characteristics of wetness and dryness during Wanli and Chongzhen megadroughts recorded by proxy indicators
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Fig. 7 Spatial characteristics of Wanli and Chongzhen megadroughts recorded in D/ F grades and RAP
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Fig. 10  Precipitation anomalies from May to September during Wanli Megadrought
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