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Fig. | Geography and meteorological stations distribution in the south and north of Qinling Mountains
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Fig. 2 Definition and identification process of the event-based extreme precipitation



541 ZENORL A4 ¢ T 1) S ) 2 U R UM B K B 2 78 AL RRATE 993

FROR YA M R G 2 FR G O . — SRR K BR RS R B A5, A 1 REF/K &
90.0% [ fH, H RAEFEPHAEKR; 2K BRRRERBON A, A 2 KK
90.0% B {E , SIS FRI A o B IERTATYE, A SRR AR IR X8 4 18 1 422 09 A 34
B, KA R RS A R A . Horb, RTHARE K E S TR, H AT AR i R K
Rz, JE kKR SR, W e R v K R AT A IR K AR R, 3
SRy ¥ A RN SR K A

@ B ARACRHE AT LU T . ARG R/ N AR T 55 5 o 3, MR e
KR FEAYR . FEK HECRISZ M R R SF 4 N HERE, 0 4 Pl B K SR ) 28 AR AR R RAE 2
17501 o
323 BkiEERFE EalIRg T, A ANUSPLIN 753k Al SR AR K #E1 T A 3L
SR, W R T VA A2 HOE IR S, 15 ER A A TR 2=, FI R R A A
Hutchinson & T4E 4% pR B IS JT % (1) ANUSPLIN 8, XHZRIA R ALEACE S . AR
Uil K T B AR . REREK &I 728 G, 25 [R5 PR 8 90 mx90 m.

TEIREL RIS UE T, R XIAE (Cross-validation) FYJ:, X 16 MK F8HR
WESE RIS R, BRI hRats . ARSEEIUA A A m A (Signal) . Fl4 A
i # (Error) . {5 M [t (Signal to noise ratio, SNR) . 1% 224114 5 #8 (Root mean
square error estimate, RTMSE) Mg i1 Hr#E2 (Estimate of the standard deviation of
the noise in the spline model, RTVAR) ., H:H', SNR 4 Signal 1 Error i Hu{H , HAH kT
0, UEHHREMCRBES, HZOK Signal /N Tufi i 8—2F; [AlIf, RTMSEfE#/N, HALT
RTVAR, A (ERS B 50 FEAKAR 2 LIRS SRR 1 iR, 16 Mf{ESS Rk
FRGEEEK

{EAF—HEMIE, KA ILTREGT & F HA G 5, 78 ANUSPLIN ffR B B A0, A
B SECN 1A TEEERE, FIREHE 800 mm W R LA RN 8l , 75 B KA
R, (M0 SR DX, I FR AR XS 320, 23 [R1 A 1 AS BE i D G 96 Rk i [7)
L, RATTEE A AV A 7, SR AN 25 08 pe U v b X R K AR AL RRTIE o

®1 FUCEILREKZ ERER XKIEER

Tab. 1 The cross-validation result of spatial precipitation interpolation in the south and north of Qinling Mountains
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(Signal) (Error) (SNR) (RTMSE) (RTVAR)
Rk i 1970—2000 4 21.0 50.0 0.42 25.9 46.2
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Fig. 4 Change of precipitation pattern in the south and north of Qinling Mountains during 1970-2017
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Tab.2 Spatial change of precipitation contours in the south and north of Qinling Mountains
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precipitation in the south and north of Qinling Mountains
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Fig. 6 Dominant type of the event-based extreme precipitation in the south and north of Qinling Mountains
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Fig. 8 Wavelet coherence analysis between temperature and extreme precipitation in the south and north of Qinling Mountains
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Variability of the event-based extreme precipitation in
the south and north Qinling Mountains

LI Shuangshuang, WANG Chengbo, YAN Junping, LIU Xianfeng
(School of Geography and Tourism, Shaanxi Normal University, Xi'an 710119, China)

Abstract: Modeling extreme precipitation processes could provide a pathway for a better
understanding of the questions concerning how much precipitation is extreme and how that
extreme precipitation responds to warming in the climate change sensitive and ecological
fragile zone of China over the coming decades. In this perspective, based on daily precipitation
and temperature data from 72 meteorological stations released by the National Meteorological
Information Center, the spatial-temporal variation of precipitation is investigated in the Qinling
Mountains from 1970 to 2017, which is a critical geographical and climatic boundary between
northern subtropical and warm temperate zone in China. Then we applied a framework to
identify the dominant pattern of EEP in the study region, and time distribution pattern (TDP) of
the event-based extreme precipitation (EEP) could be divided into four types, i.e. early, after,
balance-phase and single day EEP, here after referred to as TDP1, TDP2, TDP3 and 1-day EEP.
More specifically, the relationship between different EEP and local temperature is investigated
through the cross wavelet transform and linear correlation. The result showed that from a long-
term climate view, precipitation pattern is relatively stable in the Qinling Mountains in the past
48 years, and the 800 mm isohyetal line is still distributed in the south piedmont of Qinling
Mountains. Moreover, precipitation analysis showed an obvious synchronous trend in the sub-
region, which could be characterized as non-smooth and non-linear, and after 1997, there is an
increasing trend in annual precipitation amount, a declining trend in rainy days, and a
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continuous increase of extreme precipitation intensity. Spatially, according to percentage of
total precipitation amount of EEP, a wide distribution of TDP3 is clearly seen over most
regions and 1-day EEP does not prevail, which demonstrates that daily precipitation extremes
during an EEP could be mainly distributed at both the first and second half parts of the event
duration. In north of Qinling Mountains, the dominant pattern combines TDP3 and TDP2. For
south piedmont of Qinling Mountains, it witnesses fewer combinations of EEP. There exists
difference between the east and west in Hanjiang River Valley, that is, TDP3 and TDP2 in the
west is greater than in the east where the dominance of TDP1 and TDP3 is more prominent.
However, based on the percentage of total frequency of EEP, TDP1 is observed in southern and
northern Qinling Mountains, and the dominant pattern combines TDP1 and TDP2 in Hanjiang
River Valley. Furthermore, in the past 48 years, the influence of local climate change, for the
decadal variation of extreme precipitation, was more obvious on the time scale of 8-12 years
than of on the time scale of 4-8 years. It is worth mentioning that changes in nearly all indices
had a strong correlation to temperature in Hanjiang River Valley, especially TDP2 and 1-day
EEP. This is particularly true of high temperature related to more precipitation intensity of
single day, which in turn raises the expectation of more intense extreme short-duration rainfall
events that could be assessed by the wavelet coherence analysis. Between 1998 and 2012, the
phenomenon, 'global warming hiatus', occurred in the Qinling Mountains, which led to the
decrease of 1-day EEP, and the increases of TDP1 and TDP3 in the north of Qinling Mountains,
as well as the increase of TDP2 over the south piedmont of Qinling Mountains. All the above
results are closely linked to lower temperature. The response of TDP3 and TDP2 is stronger
than other types in Hanjiang River Valley. It should be noted that these results are helpful to
understand the relationship between climate warming and extreme precipitation, but the
response of different EEP to anthropogenic forcing and atmospheric oscillation is still complex
and not explicitly resolved.

Keywords: climate change; event-based extreme precipitation; spatiotemporal analysis; south
and north of Qinling Mountains



