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I 1 Background
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1 Background

- Anthropogenic warming due to increasing greenhouse gas emission has altered

the climate system and water-carbon cycle
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IZ Hook structure of extreme precipitation and storm runoff

Atmospheric water vapor holding capacity should increase with

rising temperature
W Latent heat of vaporization
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(1) saturation vapor pressure is dependent solely on temperature

Clausius-Clapeyron .
(2) 6.8 %/K at 25 °C (usually called as C-C scaling)




I2 Hook structure of extreme precipitation and storm runoff

In many regions, temperature is rising, while precipitation
extremes are declining
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IZ Hook structure of extreme precipitation and storm runoff

Unlike the thermodynamic expectations, we find a hook structure
between precipitation/runoff extremes and temperatures

Hook structure: Extremes strengthen with
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IZ Hook structure of extreme precipitation and storm runoff

The underlying causes of this widely reported hook structure is
not yet well-understood

(a) Hmax(ERAS) (b) 3Hmax(MSWEP)

a Peak point temperature of precipitation scaling

T T T T T Ll T T T L T
180° 120°W 60° W 0° 60°E 120°E 180°

30° S+

Monotonic Decrease O 5 10 15 20 25 30 Monotonic Increase

60° S

Peak pOint temperature (OC) 180°  120°W  6°W  ©0°  60°E  120°E  180°
Yin J, et al. Science China Earth Sciences (2023) Yin J, et al. Nature Communications (2018)

8 Monotenic Increase

25

[
(=]

L
-
(=]

o
Peak point temperature ( °C)

Monotonic Decrease ©



I2 Hook structure of extreme precipitation and storm runoff

The underlying causes of this widely reported hook structure is
not yet well-understood
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I3 Understanding the Hook structure by atmospheric physics

Why can we observe a hook structure?
(a) Changes in surface RH (%) (b) Changes in RH 1000 (%)
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Figure: Trends in relative humidity, CAPE, and Total column water vapor (TCWYV) during precipitation extremes



I3 Understanding the Hook structure by atmospheric physics

Why can we observe a hook structure?

(e) Relative humidity scaling rates (f) Relative humidityT,, (I) RH (‘;/o) '
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I3 Understanding the Hook structure by atmospheric physics

Why can we observe a hook structure?

Precipitation involves complicated systems and coupled

Divergent sensitivities of P, are reported processes. How these physical processes impact Extreme
1 precipitation sensitivity (EPS)?
Top = 200 hPa or higher
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contributions of EPS, which is based on energy budged balance during precipitation processes.



I3 Understanding the Hook structure by atmospheric physics
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I3 Understanding the Hook structure by atmospheric physics

Thermodynamic contributes to precipitation intensification,
while atmospheric dynamics decline precipitation in hotter

environment
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Do all the thermodynamic components always intensify
precipitation extremes?



I3 Understanding the Hook structure by atmospheric physics

Do all the thermodynamic components always intensify
precipitation extremes?Can we know more details?

By further decomposing moist-adiabatic derivative of e
saturation specific humidity
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I3 Understanding the Hook structure by atmospheric physics

Does the thermodynamic always intensify precipitation
extremes? Can we know more details?

Actual P, EPS Diagnostic-based EPS
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Figure: Evaluation of simulation performance of physically diagnostic model
Gu, Yin*, Nature

Communications (2023)



I3 Understanding the Hook structure by atmospheric physics

The thermodynamic components do not always contribute to
precipitation intensification due to changes in temperature
laps rate
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Figure: Zonal EPS anomalies between the reference and future periods
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I4 A potential upper bound for future extremes?

Does the hook structure imply a potential upper bound for

future extremes?

Climate-hydrological model chain
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I4 A potential upper bound for future extremes?
We propose a hybrid HM-LSTM model Yin J*, et al. Nature Sustainability (2023)
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I4 A potential upper bound for future extremes?

_(a) Selected hydrological model (b) Statistics of selected hydrological model
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I4 A potential upper bound for future extremes?

Future projection of precipitation, evaporation and snow cover by Emergent Constraint
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method to build the emergent constraint relationship (See Eq. (1))2. The prediction error of

the regression (gy) is calculated by Eq. (2).
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where y;is the value given by x;; @ and b are the slope and intercept values, respectively;
1 (z—3z)
oylz) =841+ =+ ——7— (2)
y( ) N N. O'%



I4 A potential upper bound for future extremes?

Does the hook structure imply a potential upper bound for
future extremes?
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I4 A potential upper bound for future extremes?

Does the hook structure imply a potential upper bound for

Foc=oxaNll The hook structure is not stable under climate warming!

Along with an increasing T, the hook structure
shows an upward shift, resulting in a significant

intensification of hydrological extremes in the future.

A
/ Future

Historical

IPSL-CMBA-LR

[+
T
o~
b
=
[}
b
o
=

SWIaJIXT

MRI-ESM2-0

UKESM1-0-LL

Temperature

>

=50 =40 =30 —50 —‘;0 o 1‘0 2.0 30 40 50
Figure: Relative changes of precipitation extremes in future climates

More than 80% of continental areas retain a hook structure during historical and future periods, while Peak
point temperature (T, ) progressively increases with atmospheric warming.



I4 A potential upper bound for future extremes?

Does the hook structure imply a potential upper bound for
future extremes?

(e) Precipitation Ty, ( Near future Period) i) Precipitation T, ( Far future Period) (a)

Precipitation extremes (Near future period) (b) Precipitation extremes (Far future period)
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T,, shifts toward warmer temperatures, resulting in 10%-30% increases in storm runoff extremes.
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IConcIusions

Precipitation and storm runoff extremes show a hook structure with
temperature rising.

JAtmospheric thermodynamic intensifies precipitation extremes, while
atmospheric dynamics decline precipitation in hotter environment.

The thermodynamic components do not always contribute to precipitation
intensification due to changes in temperature laps rate.

The hook structure does not imply potential bound for future extreme
intensification.
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