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> In the context of global warming, regional climate change has become one of the top concerns of human society
due to its complex uncertainties and the severity of disasters.

» The Sixth Assessment Report of the United Nations Intergovernmental Panel on Climate Change stated that climate
change would continue to intensify in all regions of the world in the coming decades, and that climate disasters will

become more frequent and severe. (IPCC Core Writing Team, 2021)

Extreme
climatic event

Lead

Regional dry
and wet change

Human activities Global warming

It is of great significance to study the occurrence and development of extreme climates from multiple scales,
dimensions, and perspectives.
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> Material

« The upper reaches of the Yellow River are about 3,472
kilometers long, the Upper Yellow River basin (UYRB) covers an
area of 417.4 thousand km?.

« Four secondary watersheds: Longyang Gorge above (LGA),
Longyang Gorge to Lanzhou (LGL), Lanzhou to Toudaoguai
(LT) and Inner flow area (IFA).

Study period: 1961-2020 s

![fl.} 3 You s st 5L Hom. - WESP Home = Dowsosd Clnse Towsees |

- « Dalily precipitation and temperature data are

Climate Timeseries.

ChA

B S derived from China Surface Climatological
N Dataset of the China Meteorological Data
;""’" o -5 Network.
L | e— - Atmospheric circulation factor and sunspot
e — data from the National Oceanic and
Atmospheric Administration (NOAA).

https://psl.noaa.gov/gcos_wgsp/Timeseries/



http://data.cma.cn/
https://psl.noaa.gov/gcos_wgsp/Timeseries/
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> Methods

The first step: Selection and calculation of extreme climate indices

7 extreme Pr indices and 9 extreme Te indices were selected from
perspectives of absolute threshold, relative threshold and extreme
value; the calculations were made using the RclimDex software.

The second step: The application of various methods

Content

/Precipitation (Pr)',
S R,

£ Y
/Temperature (Te)y

Consecutive dry days (CDD, d)
imum number of consceutive days with P
s (CWD, d)

Heavy precipitation days (R10, d)
Annual count of days when Pr 2 10mm

r s Liom

Frost days (FD, d)
Annual count when TN (daily minimum) = 0°C

ays (1D, d)
Annual count w TX (daily maximum) = 0°C
Sum
Annual count when

Relative
threshold index

Very wet days (R95p, mm)
Annual total Pr when daily Pr = 95th percentile

Cool days (TX10p, d)
Number of days when 'UX = 10th percentile

Cool nights (TN10p, d)
Number of days when TN < 10th percentile

Warm days (TX90p, d)
Number ol days when TX = 90th pereentile

‘Warm nights (TN90p, d)
Number ol days when TN = 90th percentile

Extreme
value index

Max S-day Pr amo

unt (RXS, mm)
Monthly maximum consceutive S-day Pr

Simple daily intensity index (SDII, mm/d)

Annual total Pr divided by the number of wet days (Pr 2 Imm)

Annual total wet day Pr (PRCPTOT, mm)
Annual total Pr in wet days (Pr # lmm}

Max Tmax
luc of daily maximum Te

Yearly maxiny alu
Min ‘I'min (I'Nn, °C)
Yearly minimum value of daily minimum Te

(TXx, *C)
0. ¢ Ma;

a) Climate tendency rate; b) Moving average
method; ¢) Kriging interpolation method
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a) Mann-Kendall mutation test (Mutability); b)

wavelet analysis (Periodicity)

Cross wavelet transform (Achieved by MATLAB,
http://grinsted.github.io/wavelet-coherence/)

Single index quantification and Multiple index
synthesis and Poly-criteria integration (Propose)

________________________________________________________ 1
—



http://grinsted.github.io/wavelet-coherence/
http://grinsted.github.io/wavelet-coherence/
http://grinsted.github.io/wavelet-coherence/
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> Distribution feature S___ ey i
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Showing the intensity of extreme weather in different regions

(a) CDD/d

(b) CWD/d

- -
(o) R10/0N
~=7

(d) R9Sp/mm

~# | « The southeast of the basin is
wetter than the northwest,

g E éﬂf' where the number of
'\\,1’ 30T 745 1009 1453 COhtinUOUS dry days even

(e) RX5/mm

(h) FD/d

reaches 100-130.

« The number of days with
heavy Pr is lower, but the
intensity of Pr is higher in the

eastern region, which is more
prone to extreme Pr
disasters.

 The spatial distribution of
extreme Te events is quite

e .'4_ [ S
U7 404 454 504 554

P 4T3 512 352 592

(0) TXx/C

(p) TN0/'C

different due to the apparent
spatial differences in the
topography and the intensity

N e of human activity.
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> Evolution features . general, except for the heavy Pr days (R10) index, the UF and UB curves of all
o indices have at least one intersection.
1. Mutability test
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Example: PRCPTOT - . . )
by First primary period
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Primary periods of extreme climate indices

- N -

Primaryperiod CDD  CWD  RI0  R9p RX5  'SDIV  PRCPTOT 'FD/
First 2 1 2 20 21 7 18 13
Second 7 16 8 13 12 5 5 4
Third 3 7 12 8 8 7
Fourth 3 4 4 5 12

——=
Primary peciod 1D SU2S  TXI0p TNIOp TX0p ‘INS0)  TXx TNn
First 27 8 28 22 14 14 10 28
Second 2 5 18 12 21 6 7 14
Third 12 14 20 4 6 4 6
Fourth 5 22 7 4

« The annual Pr has four primary periods (18a, 12a, 7a, 5a), but
oscillations do not occur throughout the study period.

« With the exception of SDII, FD, and TN90p, almost all extreme
climate indices have more than two primary periods, showing
trends of interannual and interdecadal oscillations.

« Most indices generally have three types of periods, large, medium,
and small, showing consistency, but their time domain, frequency,
and oscillation intensity are quite different.
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> Attribution analysis 1. Teleconnection between driving forces and Pr extremes

PDO
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”
SOl /SN "\

AO PDO SOI

XWT: AO-CDD e XWT: PDO-CDD XWT: SOI-CDD

Penod

CDD

XWT: SN-CDD %

R9Sp

XWLAO-R9Sp

XWT: PDO-R9S;

XWT: SOI-R9Sp = FXWT: SN-R9S

CWD

RXS

R10

XWT: SN-R10

 The response relation between the selected driving force and the
extreme Pr index differs significantly in terms of index category,

resonance intensity, time domain, and phase relation.

SDII

PRCPTOT

« In terms of driving forces, almost all indices with AO and SOI have larger resonance periods and intensities than PDO, and exhibit features

of multiple time scales and long time domains.

 There is a correlation between the SN and the extreme Pr index on scales 8-14a, which is related to the mean period of solar activity at 11a.
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2. Teleconnection between driving forces and Te extremes
‘ ; ¢ A ) i ® I 1
| |
LBR
|

« Similar to the extreme Pr index, the correlation between AO and SOI
is stronger than PDO for almost all extreme Te indices except for

the minimum temperature (TNn).

 There is also a significant correlation between the SN and the most extreme Te indices at large scale period.
« The correlation between the extreme Te index and the selected driving force is weaker than that of the extreme Pr index, indicating that

the Pr extremes is more strongly and more complexly affected by atmospheric circulation.
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> Risk analysis

* The risk degree of extreme Pr and Te is diverse among subbasins. The overall risk degree of extreme Pr in the same region is larger
than that of extreme Te, and its variation range is also larger, mainly due to the complex uncertainty of Pr.

1.0 1.0
[ 125%~75% T Range within 1.5IQR x UYRB OLGA < LGl OLT  AlFA
- — Median 4 Mean value ¢ Abnormal value
2081 T LN % 0.8
g ) ' 5
£ = - 5 _-é_-:-g_--__a_g-éo-é__-g """" eA """"" he overa Il risk of extreme climate. .
sos 1 ek 0 Y 8065 oB50R838 og B, géé§% 460,000 439080 g@@e © ol T e overall risk of extreme c imate is
: = A A »£ O en A& X{Sg 2 ; J AQ xgogﬁx 8% o 28,0 65l in the range of 0.3 to 0.7, with a
Qa 4 F ~ D < M
1%04 ' ’ 304 [0 - E e gxgm = % 5 D&D’ * fluctuating trend from 1961 to 2020.
& R e 5 S
e \ ] &n
4 = [5)
. Vot J 02
¥ &
Ty Tam— L L  Regions with a high risk of extreme
0 .
1o — 1961-1970 | 1971-1980 | 1981-1990 | 1991-2000 | 2001-2010 | 2011-2020 Pr may have a lower risk of extreme
|:|25%~75% T Range within 1.51QR : . . . .

g — Median & Mean value ¢ Abnormal value ] : Te, while the situation is different for
2 AT IFA ] : ; ) j ] IFA
g - - 0.573 0.563 0.546 0.548 0.571 0.548 - the Inner ﬂOW area (lFA)
g / TS
Soe} . |' \ (B! Lr [ os23 |osrz [Ho4so | Josos  |[To472 0475 [T« The occurrence of extreme Pr and Te
o ~ \~ 1 i o o
8 % (% EE T e e [T oser [@oses [T Jos7i [ osss [leses Lo €VENts s not spatially and temporally
co4r “J- -7 ' [ synchronized, so coping strategies
e LGA | ]0.539 0.583 0.575 0.551 0.552 0.569 | LGA y ! ping g
3 - - should be formulated based on the
Zoar UYRB | 0514 | ]0.498 0458 | Jo4so | ]0.474 0475 |UYRB 4 o eityation.

00 L L i L | T T i T T T T T

UYRB LGA LGL LT IFA




I m ita ti O n %Yall!lld Water Congress

International Water Resources Association (IWRA)

> Innovation

« An Distribution-Evolution-Attribution-Risk (DEAR) framework was developed.

« A novel risk assessment idea for climatic extremes was proposed with the SMI-P method.
« The DEAR framework was applied to a real case of Upper Yellow River basin, China.

« Extreme climatic events were examined with multiple scales, dimensions and aspects.

« Findings can help clarify the occurrence and development laws of climate extremes.

> limitation

” The occurrence and variation of climatic extremes are influenced by multiple factors. An all-
sided attribution analysis involving many factors should be carried out.

The characteristic values applied in the risk assessment are determined by the percentile of
” the data series. Universal standard should be explored further.




