UNIVERSITYOF

| BIRMINGHAM

o av (i
- Ay i

COLLEGE OF LIFE University of =5
vogswin. B8 Reading 22 MetOffice 51 Fewton

A Causality-guided Approach for
Predicting Future Changes in Extreme

Rainfall over China Using Known & 0

Large-scale Modes

Kelvin S. Ng (k.s.ng@bham.ac.uk)
Gregor C. Leckebusch
Kevin |. Hodges




Motivation & Overview

* To develop suitable tools for climate services in China to predict extreme
regional precipitation
— Representation of extremes in ESM/AOGCMs =» Not good
— Representation of large-scale modes in ESM/AOGCMs =» Good

* Use statistical model, i.e. transfer function, to improve the representation
of extremes

Large-scale modes = Transfer function =»Extremes!

* Causality-guided approach to select predictors
— Causality-guided statistical model (CGSM)

* Focus on extreme Mei-yu rainfall (MYR) and extreme tropical cyclone
rainfall (TCR).

e Data: ERA5, CNO5.1, CMIP6 (historical/SSP585)
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Results Part 1: CGSM for extreme Mei-Yu Rainfall

(MYR)

* For MYR, we have
constructed CGSM based on

* monthly indices (CGSM-M)
and

* half-monthly indices (CGSM-
HM)
— Results show CGSM-
HM has better

performance than
CGSM-M

Importance of sub-
monthly variability.

9

- In agreement with

Ding et al. 2021.

* Spatial coherences of the
choice of predictors using

causality-guided approach.
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CNOs.1 (1979-2018 Application to ESMS—Example 1: MYR

Historical 2076-2100 minus Historical . _

> Dk:rectBoutIputs dlo not Icaptu re
: m rn.
June, 1979-2014 Direct CGSM-M_ CGSM-HM - R the OBS climatological patte

Using CGSM, we can recover
9 ey "y = [ o g the OBS cllmatologlcal pattern
NorESM2-LM ={ . - R i 1 % | sam across all models.
- ' i ' : S >  Finer structure than direct
outputs

»  More realistic than direct
outputs

NorESM2-MM {5 e | B >l \ b J-1 S | CMIP6-SSP585 (2076-2100)

—> Direct outputs do not agree on
the spatial patterns of future
o - - et changes, ce}ivlelp W|t|h for the
Y. | = same model family
MPI-ESM1-2-LR - | TR % 7 Qg -1 - YE e | > NorESM2

x  Large positive MYR changes
in upstream Yangtze river .

»  MPI-ESM1-2
x  Smaller positive MYR

MPI-ESM1-2-HR =~ - - > . o changes in the similar

region.

— CGSM agree on the spatial
Patterns of the future changes
or the same model family.
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Results Part 2:

for extreme Tropical Cyclone Rainfall (TCR)

East continental China

* Construct model per province per month Month
55
* Due to rarity of TCR, provincial TCR timeseries Guangdong 0.76 0.74 0.78 0.64
contains a lot of.zero entries. - Guangxi 0.82 0/70% 0.51 0.68 50 -
— Challenging to construct statistical Fujian 077 063 0.56 0438 \
o Jiangxi  0.69 0.70 0.66 %) o
iangxi _ -
- Two-step models (TSMs) Hunin N p— Q‘
> Logistic regression model (LRM = 401
§ - Lt Zhejiang  0.73 \0 -
x Determine zero and non- AnhUi . 1 o
zero entry naurlo 1, 8 351
Hubei J.16* 5
\ v.89 0.56 0.20* 3 301
x Model non-zero TCR. a : : :
. \, .81 0.52 0.14*
> For the same month and province, LRM e 25 4
and MLR do NOT have the same set o g 0.73 0.65 0.69
predictor nanghai 0.51 0.57 0.32 20 -
» Indicates the underlying Hebei 0.83  # = Wilcoxon signed-Rank test
mechanisms are different Liaoning 0.03* 0.77 | (significant at 0.05 level)
» Thisis expected. Jilin 066 054  =Pearson correlation NOT

Heilongjiang 0.27* 0.73

significant at 0.05.
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Summary

* The causality approach shows good performance in detecting useful predictors
for constructing statistical models (transfer functions).

 Application of CGSM to predict MYR/TCR in Earth System Models

=» CGSM can recover the observed pattern of MYR, while direct ESM simulations cannot.

=>» ESM “realistic” |.S\MIs have generally more predictive capacity for extreme precipitation than
directly simulated extreme precipitation

=» This confirms the validity of our approach to use the better simulated LSMs as predictor from ESMs

=» Similar argument applies to TCR, as ESMs struggle to simulate TC in general (due to
resolution).

> High potential for ESM-based diagnostics of extreme (e.g., Mei-yu/Tropical
cyclone) precipitation for Applications in Climate Services

Publication:
. ) Ng, K. S., G. C. Leckebusch, and K. I. Hodges, 2022: A Causality-guided
UNIVERSITYOF ‘ @ ﬁ"'veﬁ'-ty of statistical approach for modeling extreme Mei-yu rainfall based on known
eading large-scale modes — A pilot study. Adv Atmos Sci. 10.1007/s00376-022-1348-3
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