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Motivation

» Stochastic precipitation generators (SPGs) is widely used
in water resource management

* SPG usually assumes stationary climate
* Non-stationary climate is expected in the future change

* Global Climate Models (GCMs) provide more reliable
projections for temperature than precipitation

* A trustable SPG needs to bridge the gap between
temperature and precipitation.




Data and valid Geographical Area

Data sources
NCDC airport gages in NYC, Boston,
Philadelphia
> 50 years of hourly precipitation,
temperature, sea level pressure from each

gage
Over 1,000,000 rows of data

Data quality
* Gaps (1.04%)
* Missing data
 Cumulative period
* Inconsistent time interval
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GCM projections:
* Monthly temperature projections for
2035~2099 generated by MIROC model

with A2 scenario
* Provided by GISS NASA



Atmospheric causes of precipitation

Meteorological interpretation
Moist air rises
Air moisture saturation
Moisture condensation
Growth of the precipitation particles
Type of air lifting
Frontal movement
Orographic effect
Local convection

Finding:

Air moisture is drawn by PrESsUre
Gecreaselduring precipitation
formation
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Cold Front — 100km

http://ww2010.atmos.uiuc.edu/guides/mtr/af/frnts/wfrnt
/gifs/prcpl.gif

http://ww2010.atmos.uiuc.edu/guides/mtr/af/frnts/cfrnt/g
ifs/prcpl.gif

r Upper air has a negative () charge |

4 Ice crystals have a positive (+) charge

condensing water vapour

precipitation ! dry, descending air

moist, rising air
- — _- e 0°C  Freezing level (release of latent heat)
Cool downdraught: = _~ Water droplets swept upwards in
= convection currents (30m per sec)

Uplift of warm, moist air

% Concentration level and cloud
I:'I Thunder & +25°C base (release of latent heat)

http: ter-mulroy. . how-do-cl -and-
p_//_pe_er mulroy.squarespace.com/how-do-clouds-and "'l lightning e
precipitation-form/

b d
https://www.s-cool.co.uk/a-level/geography/weather-
conditions/revise-it/atmospheric-moisture-and-
precipitation



What is a pressure change Event?

Computed 24 hour pressure differences Unseasonalized Pressure and Precipitation Rate NYC
as pressure change (no daily fluctuation)
Two pressure change events (PCEs)
Increase pressure change events
(INPCEs)
Decrease pressure change events
(DePCESs)

Month of 2009
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Precipitation is more associated with
DePCEs than InPCEs

Yu et al. 2018



Methodology

Given a monthly temperature and PCE, = f(to, AMT,, PCEO)

current PCE

(PCE} = f(ty, AMT,, Win)

Zoom into the archive of similar %)
events arranged by monthly =
temperature and month of interest = ™
PCE; = f({PCE}, PCE,)
wn
Filter out the same pressure change &
o PCE: Pressure Change Event
type events from the event set = _
t: Time
= i AMT: Average Monthly Temperature
Sample from the remaining events wn : . . . :
) , et Win: window for narrowing selection region
by the duration and air pressure S
w

change of precedent PCE

Concatenate corresponding precipitation

Arrange temporal and temperature records for final weather series.

windows by event length



Methodology

Window size: 6°C * 30 days

Example:
Precedent event:
* March
e AMT=9°C

Simulation:

* Validation period (1975~2021)
 Climate change period (2035~2099)
100 replications of precipitation

i 10 20

Avé_fage Monthly Temperatu}é (°C)




Cumulative PCE Pressure
Change (CEPC) (hPa)
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Results

AMT Change (°C)
C =2 N W b OO O N

|
Annual Winter (DJF

4D = MWD -

2035~2069 [ 2070~2099 ANNUAL WINTER SUMMER

|

[Hayhoe et al., 2007]

| Precipitation Change l.‘%}.
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Results

Precipitation Depth
(PD) > 95%

Precipitation Depth (PD) (mm)
| SISAeuesy ] PAaAIBSqO | 6902~GE02

7%
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Average Monthly Temperature (AMT) (°C)

— All Season Winter (DJF) Spring (MAM) =— Summer (JJA) =— Fall (SON)




Summary

* The Clausius-Clapyron (CC) relationship is embodied in PCE precipitation
associated with high intensity air convection

* |Increasing Pressure Change Event (InPCE) PD increases with AMT more
significantly than with Decreasing Pressure Change Event (DePCE) which could
be due to the point sourced data in this study

 |nthe NE US, more frequent mild and lighter precipitation events are likely to
occur in the future during all seasons

 Less frequent but more high intensity extremes are also likely to occur during
all seasons

* Overall, Summer precipitation is likely to be reduced, while Summer extreme
events are likely to become more frequent under climate change

* Winter precipitation is likely to increase



Thank you

Ziwen Yu, Ph.D
Assistant Professor

Ziwen.yu@ufl.edu
(352) 294-7761
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